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PBEFACE  TO  FIRST  EDITION. 


QHOXJLD  experts  in  engineering  complain  that  they  do  not  find 
^  anything  of  interest  in  this  volume,  the  writer  would  merely 
remind  them  that  it  was  not  his  intention  that  they  should.  The 
book  has  been  prepiu*ed  for  young  members  of  the  profession ;  and 
one  of  the  leading  objects  has  been  to  elucidate  in  plain  English,  a 
few  important  elementary  principles  which  the  sayants  have  enyel< 
oped  in  such  a  base  of  mystery  as  to  render  pursuit  hopeless  to  any 
but  a  confirmed  mathematician. 

Comparatively  few  engineers  are  good  mathematicians ;  and  in  the 
writer's  opinion,  it  is  fortunate  that  such  is  the  case ;  tor  nature  rarely 
combines  high  mathematical  talent,  with  that  practical  tact,  and 
observation  of  outward  things,  so  essential  to  a  successful  engineer. 

Hiere  have  been,  it  is  true,  brilliant  exceptions ;  but  Uiey  are  very 
rare.  But  few  even  of  those  who  have  been  tolerable  mathematicians 
when  young,  can,  as  they  advance  in  years,  and  become  engaged  in 
business,  spare  the  time  necessary  for  retaining  such  accomplish- 
ments. 

Nearly  all  the  scientific  principles  which  constitute  the  founda- 
tion of  civil  engineering  are  susceptible  of  complete  and  satisfactory 
explanation  to  any  person  who  really  possesses  only  so  much  element- 
ary knowledge  of  arithmetic  and  natural  philosophy  as  is  supposed 
to  be  taught  to  hoys  of  twelve  or  fourteen  in  our  public  schools.* 

*Let  two  little  boys  weigh  each  other  on  a  platform  scale.  Then  when  they 
balance  each  other  cm  their  board  see-saw,  let  them  see  (and  measure  for  themselvee) 
that  the  lighter  one  is  farther  fh>m  the  fence-rail  on  which  their  board  is  placed,  in 
tlie  same  proportion  as  the  hearier  boy  outweighs  the  lighter  one.  They  will  then 
hate  learned  the  grand  principle  of  the  lever.  Then  let  them  measure  and  see  that 
the  light  one  see-saws  farther  than  the  heavy  one,  in  the  same  proportion ;  and  they 
will  have  acqnired  the  principle  of  virtual  velodiies.  Explain  to  them  that  equaUtf 
^  momatU*  means  nothing  more  than  that  when  they  seat  themselves  at  their  meua- 
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vm  PREFACE. 

The  little  that  is  beyond  this,  might  safely  be  intrusted  to  the 
savants.  Let  them  work  out  the  results,  and  give  them  to  the  engi- 
neer in  intelligible  language.  We  could  afford  to  take  their  words  for 
it,  because  such  things  are  their  specialty ;  and  because  we  know  that 
they  are  the  best  qualified  to  investigate  them.  On  the  same  princi- 
ple we  intrust  our  lives  to  our  physician,  or  to  the  captain  of  the 
vessel  at  sea.  Medicine  and  seamanship  are  their  respective  special- 
ties. 

If  there  is  any  point  in  which  the  writer  may  hope  to  meet  the 
approbation  of  proficients,  it  is  in  the  accuracy  of  the  tables.  The 
pains  taken  in  this  respect  have  been  very  great.  Most  of  the  tables 
have  been  entir^y  recalculated  expressly  for  this  book ;  and  one  of 
the  results  has  been  the  detection  of  a  great  many  errors  in  those  in 
common  use.  He  trusts  that  none  will  be  found  exceeding  (me,  or 
sometimes  two,  in  the  last  figure  of  any  table  in  which  great  accuracy 
is  required.    There  are  many  errors  to  that  amount,  especially  where 

Bred  distances  on  their  see-saw,  they  hdUmce  each  other.  Let  them  see  that  the  weight 
of  the  heavy  boy,  when  multiplied  by  his  distance  in  feet  from  the  fence-rail 
avonnts  to  just  as  mach  as  the  weight  of  the  light  one  when  moltipHed  by  his  dis- 
tance, and  that  each  of  these  amounts  is  in  foot^pownde.  Explain  to  them  that  the- 
lighter  boy,  because  he  swings  faster  than  the  other,  has  greater  Icmelic  energy^  not- 
withstandiBg  his  slighter  weight,  and  will  tiierefore  bump  harder  against  the  ground. 
The  boys  may  then  go  in  to  dinner,  and  probably  puzzle  their  big  lout  of  a  brother 
who  has  just  passed  through  college  with  high  honors.  They  will  not  forget  what 
they  have  learned,  for  they  learned  it  as  playy  without  any  ear-pulling,  spanking, 
or  keeping  in.  Let  their  bats  and  balls,  their  marbles,  their  swings,  &c',  once 
become  their  philosophical  apparatus,  and  chUdren  may  be  taught  {reaUy  taught) 
many  of  the  most  important  principles  of  engineering  before  they  can  read  or 
write. 

It  is  the  ignorance  of  tliese  principles,  so  easily  taught  «ven  to  cliildren,  that  con- 
stitutes what  is  popularly  called  "Ihs  PBiucnoAL  Enoikur;"  which,  in  the  great 
mnjority  of  cases,  means  simply  an  ignoramus,  who  blunders  along  without  knowing 
any  other  reason  for  What  he  does,  than  that  he  has  seen  it  done  so  before.  And  it 
is  this  same  ignorance  that  causes  employers  to  prefbr  this  practical  mau  to  one  who 
Is  conversant  with  principles.  They,  themselves,  were  spanked,  kept  In,  Ac,  when 
bo3rs,  because  they  could  not  master  leverage,  equality  of  moments,  and  virtual  velo- 
cities, enveloped  tn  x's,  p's,  Greek  letters,  square-roots,  cube-roots,  Ac,  and  they 
naturally  set  down  any  man  as  a  fool  who  could.  They  turn  up  their  noses  at  science, 
not  dreaming  that  the  word  means  simply,  knowing  why.  And  it  must  be  confessed 
that  they  are  not  altogether  without  reason ;  for  the  savants  appear  to  prepare  their 
books  %irith  the  express  object  of  preventing  purchasers,  (they  have  but  few  readers,] 
from  learning  why. 
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the  recalculation  was  very  tedious,  and  where,  consequently,  interpo 
lation  was  resorted  to.  They  are  too  small  to  be  of  practical  import- 
ance. He  knows,  however,  the  almost  impoidbility  of  avoiding  larger 
errors  erUirdy;  and  will  be  glad  to  be  informed  of  any  that  may  be 
detected,  except  the  final  ones  alluded  to,  that  they  may  be  corrected 
in  case  another  edition  should  be  called  for.  TBji)le0  which  are  abso- 
lutely reliable,  possess  an  intrinsic  value  that  is  not  to  be  measured  by 
money  alone.  With  this  consideration  the  volume  has  been  made  a 
trifle  larger  than  would  otherwise  have  been  necessary,  in  order  to 
admit  the  stereotyped  sines  ?md  tangents  from  his  book. on  railroad 
curves.  These  have  been  so  thoroughly  compared  with  standards 
prepared  independently  of  each  other,  that  the  writer  believes  them 
to  be  absolutely  correct 

In  order  to  reduce  the  volume  to  pocket-size,  smaller  type  has  been 
used  than  would  otherwise  have  been  desirable. 

Many  abbreviations  of  common  words  in  frequent  use  have  been 
introduced,  such  as  abut,  cen,  diag,  hor,  vert,  pres,  Ac,  instead  of 
abutment,  center,  diagonal,  horizontal,  vertical,  pressure,  &c.  They 
can  in  no  case  lead  to  doubt;  while  they  appreciably  reduce  the 
thickness  of  the  volume. 

Where  prices  have  been  added,  they  are  placed  in  footnotes.  They 
are  intended  merely  to  give  an  approximate  or  comparative  idea  of 
value ;  for  constant  fluctuations  prevent  anything  farther. 

The  addresses  of  a  few  manufacturing  establishments  have  also 
been  inserted  in  notes,  in  the  belief  that  they  might  at  times  be  foimd 
convenient.  They  have  been  given  without  the  knowledge  of  the 
proprietors. 

The  writer  is  frequently  asked  to  name  good  elementary  books  on 
civil  engineering ;  but  regrets  to  say  that  there  are  very  few  such  in 
our  language.  "  Civil  Engineering,"  by  Prof.  Mahan  of  West  Point ; 
"Eoads  and  Railroads,"  by  the  late  Prof.  Gillespie ;  and  the  "  Manual 
for  Eailroad  Engineers,"  by  George  L.  Vose,  Civ.  Eng,  and  Professor 
of  Civil  Engineering  in  Bowdoin  College,  Brunswick,  Maine,    are 
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the  best.    The  last,  published  by  Lee  &  Shepard,  Boston,  1873,  is  the 
most  complete  work  of  its  class  with  which  the  writer  is  acquainted. 

Many  of  Weale's  series  are  excellent.  Some  few  of  them  are 
behind  the  times ;  but  it  is  to  be  hoped  that  this  may  be  rectified  in 
future  editions.  Among  pocket-books,  Haswell,  Hamilton's  Useful 
Information,  Henck,  Molesworth,  Nystrom,  Weale,  &c,  abound  in 
valuable  matter. 

The  writer  does  not  include  Rankine,  Moseley,  and  Weisbach, 
because,  although  their  books  are  the  productions  of  master-minds, 
and  exhibit  a  profundity  of  knowledge  beyond  the  reach  of  ordinaxy 
men,  yet  their  language  also  is  so  profound  that  very  few  engineers 
can  read  them.  The  writer  himself  having  long  since  forgotten  the 
little  higher  mathematics  he  once  knew,  cannot.  To  him  they  are  but 
little  more  than  striking  instances  of  how  completely  the  most  simple 
facts  may  be  buried  out  of  sight  under  heaps  of  mathematical  rubbish. 

Where  the  word  "  ton "  is  used  in  this  volume,  it  always  means 
2240  lbs,  because  that  is  its  meaning  in  U.  S.  law. 

John  C.  Tkautwink. 

Phidadelphia,  September,  1876. 
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PREFACE  TO  FIFTEENTH  EDITION. 


IN  preparing  the  "  Pocket-Book "  for  its  ninth  edition  (twenty- 
second  thousand,  1886),  it  was  so  thoroughly  revised  and  so 
greatly  enlarged  that  it  made  its  appearance  almost  as  a  new  book. 
Among  the  changes  then  made,  we  may  note  the  following : 

The  opening  articles  in  Hydraulics,  pp.  236,*  etc.,  and  the  re- 
marks on  City  Water  Supply,  Water  Pipes,  Pipe-joints,  Valves, 
Fire-Hydrants,  etc.,  pp.  293  to  305,  and  on  Riveted  Girders,  pp. 
537,  etc.,  were  rewritten  and  modernized;  the  arrangement  of 
SUndard  Railway  Time  was  described,  p.  396 ;  dimensions,  weights, 
prices,  etc  of  Manufactured  Articles,  pp.  398,  etc.,  were  brought  up 
to  date ;  the  articles  on  Strength  of  Beams,  formerly  scattered  through 
widely  separated  parts  of  the  book,  were  carefully  revised  and 
amended,  and  systematically  grouped  together,  pp.  478,  etc.;  and 
new  articles  were  added  on  Boring  Tools  for  Artesian  and  other 
Wells,  pp.  626,  etc.,  on  the  Nasmyth  Steam-Hammer  Pile-Driver 
p.  642,  on  Machine  Rock-Drills,  pp.  652,  etc,  and  on  ^Modern  Ex- 
plosives, pp.  661,  etc. 

Under  the  head  of  Railroads,  pp.  722,  etc.,  were  grouped  the 
various  articles  on  subjects  pertaining  especially  to  them,  and  much 
new  matter  was  added;  including  a  Table  of  Curves  for  Metric 
Measure,  p.  728 ;  original  rules  and  tables  for  estimating  the  cost  of 
excavation  and  embankment  by  wheeled  and  drag  scrapers,  and  by 
cars  and  locomotives,  pp.  747,  etc ;  an  account  of  the  Steam  Ex- 
cavator and  its  work,  pp.  750,  751 ;  and  descriptions  of  the  Portage, 
Kinzua,  and  other  recent  iron  trestles,  pp.  756,  etc.  The  former  re- 
marks on  Rail-joints,  Turnouts  and  Turn-tables  were  replaced  by 
entirely  new  and  enlarged  articles,  pp.  763  to  799,  based  upon 
modem  practice.  The  scattered  remarks  on  Locomotives  and  Cars, 
and  the  Railroad  Statistics,  formerly  given,  made  room  for  tabulated 
modem  data,  pp.  805  to  818,  on  these  subjects,  much  fuller  than  those 
which  they  replaced,  and  covering  both  standard  and  narrow-gauge 
roads. 

*  The  references  ore  to  tiie  present  edition. 
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Two  new  tables  of  Circles,  pp.  128,  etc.,  and  three  of  Ther- 
mometer Scales,  pp.  213,  etc.,  were  added ;  and  the  rules  for  Circular 
Arcs,  pp.  141,  etc.,  were  extended  and  remodeled. 

The  entire  work  was  then  subjected  to  a  thorough  re-^rrangemeni, 
all  of  the  articles  (including  those  formerly  in  the  Appendix  and 
many  of  those  in  the  Glossary)  being  placed  in  a  rational  order,  the 
rule  being  to  proceed  from  the  abstract  to  the  concrete,  from  the 
theoretical  to  the  practical,  from  the  general  to  the  particular,  as 
will  be  seen  by  examining  the  Table  of  Contents,  pp.  xxiii.  to 
xxxii. 

The  book  was  furnished  with  an  entirely  new  and  very  complete 
index,  more  than  twice  as  extensive  as  the  former  one  and  strictly 
alphabetical  in  its  arrans^ement. 

The  addition  of  so  much  new  matter,  and  a  number  of  blank 
spaces  necessarily  left  in  making  the  re-arrangement. (most  of  which 
have  since  been  filled),  increased  the  number  of  pages  about  one- 
fifth,  and  further  increase  has  taken  place  in  later  editions. 

Before  the  appearance  of  the  ninth  edition,  the  manufacture  of 
the  book  passed  into  the  writer's  control,  and  since  that  time  great 
pains  have  been  taken  to  make  the  Pocket-Bobk  a  model  as  to 
typography  and  binding.  Much  care  has  been  exercised  in  the 
selection  of  an  opaque  paper  and  in  the  press- work,  so  as  to  secure  as 
great  legibility  as  possible,  in  spite  of  the  smallness  of  type  and  thin- 
ness of  paj^r  necessary  for  condensing  so  large  a  mass  of  matter 
within  such  narrow  limits.  Illustrations  that  lacked  clearness  or 
neatness  have  been  re-touched  and  re-lettered,  or  replaced  with  new 
and  better  cuts.   The  new  matter,  like  the  old,  is  very  fully  illustrated. 

Wherever  opportunity  offered,  advantage  has  been  taken  of  the 
changes  made,  to  substitute  "  nonpareil "  (the  larger  of  the  two  types 
heretofore  used)  for  the  smaller  "pearl."  Soldflice  type  has 
been  freely  used ;  but  only  for  the  purpose  of  guiding  the  reader 
rapidly  to  a, desired  division  of  a  subject.  For  emphasisj  iialica 
have  been  employed. 

New  rules  havQ  been  put  in  the  shape  of  formulae,  arid  many  of 
the  old  rules  have  been  recast  in  that  form.  In  doing  this,  the  terms 
of  the  formula  have  either  been  written  out  in  full,  as  in  former 
editions,  or  else  placed  in  order,  with  their  symbols,  in  the  immediate 
vicinity  of  the  formula  itself,  so  that  the  reader  is  not  compelled  to 
look  back  over  a  number  of  pages  to  find  the  meaning  of  arbitrary 
symbols,  and  to  tax  his  mind  with  remembering  them  when  found. 
It  is  believed  that  the  formulae  will  be  found  at  least  as  easy  to  use 
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as  the  rules,  while  they  have  the  great  advantages  of  showing  the 
^hole  operation  at  a  glance,  of  making  its  principle  more  apparent, 
and  of  being  much  more  convenient  for  reference  and  recollection. 

The  choice  of  articles  of  manufacture  or  of  merchandise  for  illus- 
tration, has  been  guided  by  no  other  consideration  than  their  fitness 
for  the  purpose,  and  the  courtesy  of  the  parties  representing  them, 
in  supplying  information. 

The  principal  changes  in  the  tenth  and  later  editions  are  as 
follows : 

The  articles  on  Flow  of  Water  in  Channels,  pp.  268,  etc.,  on 
Friction,  pp.  370,  etc.,  and  on  Timber  Preservation,  pp.  425,  etc., 
have  been  re-written  and  much  extended.  In  the  first  named, 
Kutter's  formula  is  much  more  fully  discussed ;  tables  are  added  to 
facilitate  its  use,  and  instructions  given  for  preparing  a  diagram 
from  which  its  results  may  readily  be  taken  by  inspection.  Under 
Friction  will  be  found  the  results  of  recent  researches,  including 
those  of  Capt.  Douglas  Galton  on  brake  friction.  The  new  article 
on  Timber  Preservation  embodies,  besides  other  matter,  the  results 
published  by  a  Committee  of  the  American  Society  of  Civil  En- 
gineers in  1885. 

The  remarks  on  Dynamics,  pp.  306,  etc.,  the  Rules  for  Parallel 
Forces  and  Center  of  Gravity,  pp.  347  to  361  A,  and  for  Falling 
Bodies,  Moment  of  Inertia  and  Radius  of  Gyration,  pp.  362  to  367, 
the  opening  remarks  on  Strength  and  Fatigue  of  Materials,  pp.  434, 
etc.,  and  the  Rules  for  Strengths  of  Pillars,  pp.  439,  etc.,  and  for  De- 
flections of  Beams,  pp.  505  a,  etc.,  have  also  been  re-written  and  sim- 
plified, and  most  of  them  treated  much  more  fully  than  before. 

For  the  present  (fifteenth)  edition  (fortieth  thousand)  the  principal 
new  features  are  the  greatly  enlarged  article  on  Weirs,  pp.  265,  eta, 
with  suggestions  for  small  measuring  weirs,  pp.  286,  etc.,  and  that  on 
Centrifugal  Force,  pp.  368,  etc..  Minor  changes  will  be  noticed  on 
pp.  270,  331,  332,  333,  340,  341,  385,  etc.,  597,  598,  729,  731,  and  in 
many  other  places. 

The  writer  is  indebted  to  Messrs.  Frank  S.  Hart  and  H.  W.  Hun- 
king,  of  Lowell,  Mass.  and  to  Messrs.  Rudolph  Hering  and  John  L. 
Ogden  of  Philadelphia,  for  valuable  data  and  suggestions  respecting 
weirs ;  and  to  Prof.  Irving  P.  Church,  of  Cornell  University,  Ithaca, 
N.  Y.,  for  similar  courtesies  in  connection  with  the  article  on  Cen- 
trifugal Force. 

John  C.  Trautwine,  Jb. 
Philadelphia,  October,  1890. 
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On  this  svbjeot  w9  shmll  merely  gire  »  few  examples  for  reflresbing  the  memory  of  thoee  who  fbr 
want  of  oonstont  praotloe  oannot  always  recall  the  processes  at  the  moment. 

Sobtraction  of  Talfrar  Fraetlons. 
Addition  of  Tolffar  Fraetions. 

i  +  i=f=i.  }+i  =  |  =  >-  *+}  =  !='•  i+J  =  fJ  +  H  =  «='H- 

Mnltiplieatiou  of  Tolffar  FraeUomu 

ixj=i.   ixj=A.    |x}=i|  =  A-    }xS  =  j|=A. 
.fx.f  =  yx|=w-    fxfxf=tJ=f 

|«'i»f*«a=fxixJxJ=|SJ=iJ=J. 
Division  of  TnlyAr  Fractions* 

To  And  the  cr>'«atest  eommon  divisor  of  a  Tolfl^ar  Fraction. 

Ex.1.   Of  T%.  ™^1U^'  Ex.2.    Off  J.  »)«J<* 

35)70(3  4)80<6 

TO      An8  35.  20      Ansi. 

To  rednee  a  Tulwar  Fraction  to  its  lowest  terms. 

First  Hod  the  greatest  oommon  divisor ;  thea  divide  both  the  ntlmeralor  and  denominator  by  It. 
Thus,  in  the  preoediag  example  -^^  =  ^  Ans.    And  f  ^  =  V  '*'*"* 

3  33 
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To  reduce  a  Tnlgrftr  Fraction  to  a  decimal  form. 

Dlrlde  the  nnmerator  bj  the  denonrinator.    Thas, 

V  =  4)13(3.25  ABB. 


4  =  2)1.0(0.5  Am. 
^  10 


\%  =  40)32.0(0.8  Ads. 
*"  42  0 


Redaee  3  Inches  to  the  dedmal  of  s  foot.    There  are  12  ins  in  a  foot;  therefore,  the  question  la 
to  reduce  ■^^^o%  decimal.    Therefore,  12)3.0(0.25  of  a  foot.  Ang. 


Redaee  2  ft  3  int  to  the  decimal  of  a  yard.  ■  There  are  36  ioa  In  a  yard;  and  27  Ina  lu  2  ft  3  Izu/ 
therefore,  f  J  of  a  yard  =  36)37.0(0.75  of  a  yd.  Ans. 

"Tro 

180 
How  many  feet  and  ins  are  there  in  .75  of  a  yard  ?    Here 
.75 
3  ft  in  a  yd. 

rt  2).-25 

12  ins  in  a  ft. 

Ins  3.0O       Ans  2  ft  3  ins. 
Hoir  many  feet  and  Ins  are  there  in  .0625  of  a  yard  ? 
.0625 

3  feet  in  a  yd. 


Ho  feet,  .1875 

12  ins  In  a  ft. 


IOS2.2S00 


ft.       Ins. 
Ans.  0       2.25. 


How  many  enhie  feet  are  there  in  .314  of  p  cab  yai  d?    And  cab  ins  in  .46  of  a  onb  ft  T 
.314  .46 

27  cob  ft  in  a  yd.  1728  cub  ins  a  cob  fL 


628  92 

822 

8.478  cub  ft.    Ao«.  46 

7M.68  cab  ins.    Ans. 

Fractions  reduced  to  exact  decimals. 


.015626 
.08125 
.046875 
.0625 


.078126 
.09375 
.109375 
.125 


.140625 

.15625 

.171875 

.1875 


.265625 

.28125 

.296875 

.8125 


.828125 
.34375 
.359375 
.375 


.390625 
.40625 
.421876 
.4375 


.515625 
.53125 
.646875 
.5626 


.678125 
.59375 
.609375 
.625 


.640626 

.66625 

.671876 

.6875 


M 


« 


.765625 
.78125 
.796875 
.8125 


.828125 
.84375 
.859375 
.875 


.890625 
.90625 
.921875 
.9375 


.203126 
.21875 
.234376 
.26 


.453125 

.46875 
.484375 
6 


.703126 
.71875 
.734375 
.76  ^  ,^ 


.953125 

.96875 

.984375 
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Bed  mala. 

AiH>ino«.  Add  together  .26  aud  .73;  also  .006, 1.3472,  and  43. 

.25  .OOt 

.75  1.S47S 

43. 

1.00    Ana.  

44.3632    AM. 
SuarsACTioH.  Sabtraot  .23  rrom  .75 ;  also  .0001  from  1 ;  also  6.30  from  9.01. 
.75  1.  9.01 

.25  .0001  6.30 

.50  Ana.  .9999    Ant.    _  2.71    Ana. 

MoLTiPUCATioif .  Molt  3  X  .3 ;  also  .3  X  .3 ;  aUo  .3  X  .08 ;  alao  4.326  X  .006. 
3  .3  J)  4.326 

.3  .3  .03  .003 

J  Am.  .00  Ana.  .009  Ana.  .012978  Ana. 

Dimioii.  Divide  3.  hj  .3 ;  alao  .3  by  .3 ;  alao  .3  by  .03 ;  aUo  4.326  bj  .0003. 

.S)S.0<10.  Ana.  .3;.3(1.  Ana.      .0$).30(10.  Ana.        .0003)4.3260(14420.  Ana. 


0 
DiTide  62  bj  87.042. 

0 

87.042)62.0000(0.712,  *e.  Ant. 
60.9294 

107060 
87042 

12 

"IT 

12 

200180 

6 
6 

0 

Divide  .006  by  20. 

20.000).0060000(0.0008  Ana. 
60000 

IHiodeei  idhIs. 

Daodeelmals  refer  to  aqnare/M  of  144  aq  inn:  to  twelfths  of  a  sqaare  or  doodeotmat  fbot:  eaek 
aaeh  twelfth  being  oalled  an  inch;  and  being  equal  to  12  square  iaobes;  and  to  twelfth:  each  equal 
to  the  12th  of  a  duudeoimal  inch,  or  to  cue  square  iach.  The  dimensions  of  the  thing  to  be  measd 
are  supposed  to  be  taken  in  oommon  feet,  ins,  and  12tlis  of  an  inch ;  bnt  as  ordinary  measuring 
rales  are  divided  into  8th8  of  an  inch,  it  is  usually  guess-work  to  some  extent.  Duodecimals  are 
very  properly  going  out  of  use,  in  favor  of  decimals ;  we  shall  therefore  give  no  rule  for  theui.  By 
means  of  our  table  of  "  Inches  reduced  to  Decimals  of  a  Foot,"  p.  388,  all  dimensiona  in  feet,  ina, 
and  8tha,  Ac,  can  be  at  onoe  taken  out  in  ft  and  decimala  of  a  foot. 

Siiig>le  Rnle  ofTliree;  or.  Simple  Proportion. 

If  3  men  lay  lOOOO  bricks  in  a  enrtain  time,  how  many  could  6  men  lay  in  the  same  time?    They 
will  evidently'lay  more;  tlierefore,  the  second  term  of  the  proportion  must  be  greater  than  the  first. 
8:6::  IQOOO  ;  20000  Ans. 
6 
3)60000 

20000  Ana. 

If  3  men  require  10  honrs  to  lay  a  certain  number  of  bricks,  how  many  hoars  would  6  men 
require?  They  will  evidently  require  leas  time;  therefore,  the  second  term  of  the  proportion  must 
be  leas  than  the  first. 

6  :  3  : :  10  :  5  Ana. 


Doable  Role  orTlire<»;  or.  Compound  Proportion. 

If  three  men  can  lay  4000  bricks  in  2  days,  how  many  men  can  lay  12000  in  3  days?    Here  we  see 
that  4000  bricks  require  3X2=6  dagM'  toork;  therefore  12000  will  require, 
4000  :  12000  ::  6  :   18  days' work. 

Bat  there  are  only  3  days  to  do  the  18  days  work  in ;  therefore  the  number  of  men  must  lie  ^^  =  6 
men.    Ans. 

A  moment's  refleoUon  will  saffloe  to  reduce  any  case  of  double  rule  of  three  to  this  simple  form. 

Ratio. 

Ratio.  Simple  ratio  is  a  nnmlier  denoting  how  often  one  quantity  is  contained  in  another.  Thus, 
the  ratio  of  5  to  10  is  JL,  or  1 ;  and  the  ratio  of  10  to  5  is  ^^P.  or  2.  When,  of  four  numbers,  two 
have  to  each  other  the  same  ratio  that  the  other  two  have,  the  numbers  are  said  to  be  <n  proportion 
to  each  other.  Thus,  6  has  the  «ame  ratio  (2)  to  3.  as  100  has  to  50 ;  therefore,  6.  8.  100.  and  50,  are 
said  to  be  In  proportion :  or.  as  6  :  3  : :  100  :  60.  In  other  words,  an  eq^t<aity  ofratiot  Is  oalled  pro- 
portion. Ratio  and  proportion  are  often  confounded  with  one  another ;  but  the  error  is  one  of  no 
importanoe.    DupUcMe  ratio  is  that  of  the  $quar*M  of  numbers. 
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Arithmetical  Prosr^esslOB, 

In  a  series  ornnmbera,  is  a  progremive  increase  or  decrease  in  each  sucoessive  nnmher,  hv  the  nddl- 
lion  or  sabtractioa  of  the  same  amount  at  each  step;  as  in  1,  2,  3,  4,  5.  &e.,  in  which  1  is  added  at 
each  step  ;  or  10,  8,  6,  4,  Ac.  in  which  '2  is  subtracted  at  each  step ;  or  H,  ^,  ^,1,  IH-  A:o.  In  any 
such  series  the  numbers  are  called  its  temu;  and  the  equal  inct«ase  or  decrease  at  each  st^p  its  cont- 
mon  dUferenee. 

To  find  tha  eOm  diff,  knowing  the  first  and  last  terms ;  and  the  nnraber  of  terms.  Find  the  diff 
between  the  first  and  last  terms.  From  the  oomber  of  terms  subtract  1.  DIv  the  diff  Just  foand,  bj 
the  rem. 

7b  find  the  Uuf  term,  knowing  the  first  term ;  the  com  diff;  and  the  number  of  terms.  From  the 
number  of  terms  take  1.    Mplt  the  rem  by  the  com  diff.    To  the  prod  add  the  first  term. 

To  find  the  number  of  terms,  having  the  Hrsc  and  last  ones ;  aud  the  com  diff.  Take  the  ditf 
between  the  first  and  last  terms.    DIt  this  diff  bv  the  com  diff.    To  the  quot  add  1. 

To  find  the  sum  of  all  the  terma.  having  the  first  and  last  ones;  and  the  number  of  terras.  Add 
together  the  first  and  last  terms.    Div  their  sum  by  2.  Mult  the  quot  by  the  number  of  terms.  ^ 

Geometrical  Proarressiou, 

In  a  series  of  numbers,  is  a  progressive  increase  or  decrease  in  each  successire  number,  by  the  tame 
multiplier  or  divisor  at  each  step ;  as  3, 9,  27.  81,  Ac,  where  each  succeeding  term  is  increased  by  mult 
the  preceding  one  by  3.  Or  48,  24,  12,  6,  Ac,  or  27,  13H,  6H,  ^%>  &c,  where  each  succeeding  term  is 
found  by  dividing  the  preceding  one  by  2.  The  multiplier  or  divisor  Ls.called  the  common  ratio  of  the 
aeries,  or  progression. 

7b  find  the  Uut  term,  knowing  the  first  <»e;  the  ratio ;  and  the  number  of  terms.  Raise  the  ratio 
to  a  power  1  less  than  the  nun^ber  of  terms.    Mult  thin  power  by  the  first  term. 

Ex.  First  term  10 ;  ratio  3 ;  number  of  terms  8 ;  what  is  the  last  term  7  Here  the  number  of  terms 
being  8,  the  ratio  3  must  be  raised  to  the  7th  power ;  thus : 

8X35(3X3X8X3X3  =  2187,  =  7th  power.    And  2187  X  10  =  21870  last  term.   Ant. 

A  man  agreed  to  buy  8  fine  horses :  paving  $10  for  the  first ;  $30  for  the  second ;  $90  for  the  third, 
Ac :  how  much  will  the  last  one  cost  him  7    Ans,  $21870,  as  before. 

To  find  the  »um  of  all  the  terms,  knowing  the  first  one ;  the  ratio ;  and  the  number  of  terms.  Raise 
the  ratio  to  a  power  equal  to  the'whole  number  of  terms.  From  this  power  subtract  1.  Dlv  the  rem 
by  I  less  than  the  ratio.   Mult  the  quot  by  the  first  term. 

Ex.  As  before.  What  is  the  sum  of  all  the  termfiT  Here  the  ratio  must  be  raised  to  the  8th 
power;  thu8,3  X  8X3X8X3X8XSX  3=:6561  =  8th  pow.  And  6560  div  by  1  less  than  tha  ratio 

8,  =  — ~  =  3280.    And  3280  X  10  (or  number  of  terms)  =  32800  =  sum.  Ant. 

In  the  foregoing  case,  the  8  horses  would  cost  $32800. 

Permntation 

Shows  in  how  many  positions  any  number  of  things  can  be  arranged  In  a  row.  To  do  this,  mult 
together  all  the  numbers  used  ia  counting  the  things.  Thus,  in  how  many  positions  in  a  row  can  9 
thiugd  be  placed?    Here, 

1X2X8X4X5X6X7X8X9  =  862880  positions.  Ans. 

Combination 

Shows  how  many  combinations  of  a  few  things  can  be  made  out  of  a  greater  number  of  things.  To 
do  this,  first  set  down  that  number  which  indicates  the  greater  number  of  things ;  and  after  it  a  series 
of  numbers,  diminishing  by  1,  until  there  are  in  all  as  many  as  the  number  of  the  few  things  that 
are  to  form  each  combination.  Then  beginning  under  the  last  one,  set  down  said  number  of  few 
things  ;  and  going  backward,  set  down  another  series,  also  diminishing  by  1,  until  arriving  under  the 
first  of  the  upper  numbers.  Mult  together  all  the  upper  numbers  to  form  one  prod ;  and  all  the  lower 
(ines  to  form  another.    Div  the  upper  prod  by  the  lower  one. 

Ex.  How  many  combinations  of  4  figures  each,  can  be  made  from  the  9  figs  1,  2,  8,  4,  5,  6,  7,  8,  9; 
or  from  9  any  things? 

9X8X7X6       3024  _,^         v.     *i  * 

—^ — -1- — -  =  — —  =  126  combinations.    Ana. 

1X2X3X4         24 

Alligation 

Shows  the  value  of  a  mixture  of  different  ingredients,  when  the  quantity  and  value  of  each  of  these 
la.<*t  is  known. 

Ex.  What  is  the  value  of  a  pound  of  a  mixture  of  20  lbs  of  sugar  worth  15  ets  per  lb;  with  80  lbs 
worth  ffi  ots  per  lb  ? 

Iba.    ots.    cts. 

20X15  =  .'100  ,K---r„«.^^. 


30  X  25  =  750 
50  lbs.     1050  Ota. 


=  21  cts.  Ans. 
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EquHtlon  of  Pajrnaents. 

A  owes  B  SiaOO;  of  which  (400  are  to  be  paid  in  S  montha;  1500  lo  4  monthi;  and  9900  in  • 
month* ;  all  bearing  interest  until  paid ;  bat  it  has  been  agreed  to  pay  all  at  onoe.  Now,  at  wbat  tiiDt 
man  this  pajment  be  made  so  that  ^either  partj  aball  lose  any  intoreat? 
montba.  - 

X     8     =     lato  „^      .        5000  _ 


&> 


iOO     X     *    =     anoo  Therefore,  — —  =  4.1«,  Ao.  montba.   lys. 


X     «     =     1800 

laoo  ,5000 


laoo 


A  owes  B  $1000  to  be  paid  in  12  dajs ;  and  $500  to  be  paid  in  3  monthi.    What  woald  be  the  tlin« 
lor  paying  all  lit  onee  ? 

$  dart. 

1000    X     12    =      12000  „^      ,        67600       ^^ 

500    X    90   =:     45000  Therefore,  -^^  =  38  days.  Ans. 

1600  67000 

Simple  Interest. 

What  is  the  simple  interest  on  $865.32       for  one  year,  at  6  per  ct  per  annnm  t 
Principal.       Interest.         Principal.  Interest. 

$100      :      $6      ::      $865.82      :      $ol.»l»2 
6 
■  ■  -  .  ■■  $cts. 

100)5191.92(51.9193  Ans.  rrSl.tfly^^ 

What  la  the  interest  on  $865.33       for  1  year,  3  months,  and  10  days,  at  7  per  cent  per  annum  T 
First  ealeolato  the  interest  for  1  year  only ;  thus : 

Prin.  Int.  Prin.  Int. 

$100  $7       ::        $865.82  $80.5724 

7 

100)6057.24(60.5724 
Then  say,  If  1  year  or  366  days  give  $66.5734  int,  what  will  465  days  give?  or 
Davs.  Int.  Days.  Int. 

ate       :       $60.5724       : :       465       :       $77.16.  to.  Ans. 
At  6  per  St  simple  interest,  money  doubles  itself  in  20  years;  at  6  per  ct,  in  16J|^  years;  and  at  7 
per  ot,  in  14|^  years.   Simple  Interest  Is  Single  Bale  of  Three. 

Componad  Interest. 

When  money  is  borrowed  for  more  fban  a  year  at  compound  interest,  find'  the  simple  interest  at  the 
end  of  the  Orstyear.  and  add  it  to  the  principal,  for  a  second  principal.  Find  the  simple  interest  on 
tbi»  second  enlarged  principal  for  the  next  year,  and  add  It  to  the  enlarged  principal  for  a  third  prin- 
cipal;  and  so  on  for  each  successive  year.  . 

At  5  per  ct  compound  interest,  money  doubles  itself  in  about  U±  years ;  at  6  per  ot,  in  about  11.9 
years;  and  at  7  per  ct,  in  abeat  10^  years. 

Disconnt 

Is  a  dednetion  of  a  part  of  the  interestt  when  money  at  interest  is  paid  hefore  it  is  dne.  Orit  Is  a 
deduction  of  the  whole  of  the  interest  in  advance,  at  the  time  the  money  is  lent,  li  the  first  ci^se,  if 
I  borrow  $100  for  I  year  at  8  per  ot.  I  mtixt  at  the  end  of  tbeyear  pay  back!  $108;  but  if  I  pay  at  the 
end  of  3  months,  I  must  add  only  $2,  or  the  interest  for  those  3  months,  pariug  back  $102 ;  and  the 
diff  of  $6  is  the  discount.  Therefore,  to  find  the  discount  in  suoh  osseSf  first  find  the  interest  for 
the  full  time ;  then  that  for  the  short  time ;  and  take  the  diff.  / 

"  ''  r.  IreceivebutlOO— 6=$94; 

B  i^anner^  the  bank  actually 
lyear.  In  the  IXnited  States,  the  banks 
deduct  discount  for  3  days  more  than  the  time  stipulated   io  the  note ;  these  are  called  "days  of 
grace."    The  borrower  is  not  obliged  to  pay  before  the  last  of  these  3  days. 

Commission,  or  BrokeragT®* 

Is  a  pereeotage  (or  so  mnch  per  each  $100)  paid  to  commission  meroha^te  for  selling  oar  goods;  or 
lo  brokers,  or  other  kinds  of  agento,  for  transacting  business  for  us.    It  is  Single  Rule  of  Three. 

Kx.  If  a  broker  makes  purchases  for  me  to  the  amount  of  $9362,  at  3  per  ct,  what  is  his  brokerage  ? 
Bay,  as 

Pnrchase.    Brokerage.      Purchase.         Brokerage. 
$100       :       $2       ::        $»S62       :        $187.24 

luBurauiee 

Is  a  percentage  (oaHed  a  premtum)  paid  to  a  company  for  Insuring  car  property  against  fire.  fto. 
The  company,  or  insurers,  (called  also  underwriters.)  deliver  to  the  person  insured,  a  paper  bearing 
their  seal,  &c,~and  called  the  Po/ioy  of  Insurance :  which  contains  the  conditions  of  the  transaction. 
Insoranoe  is  calculated  like  Commissions,  kc. ;  being  merely  Single  Bale  of  Three. 

"-  Fellowslkip. 

A  pats  $6000  into  a  business  In  nartnership  with  B,  who  puts  In  $9000.    At  the  end  of  a  year  they 
:>.  m..,v.«   .-  '- Ij^aonon'     *■  "  "  **  '    --^~-  .  -.~v    _^,,«^*._j  .^....l_. 


ioe  TDii  time ;  inen  uiai  lor  me  snort  iirae ;  ana  tase  loe  am. 

In  the  second  ease,  if  I  borrow  $100  from  a  bank  for  one  year,  at  6  per  ot.  I 
bet  at  the  end  of  the  year  I  must  pay  back  $100.  By  discounting  in  this  % 
gains  more  than  6  per  et ;  for  It  gains  $6  for  the  use  of  $94  for  1  year.  In  th< 


have  made  $SMO ;  how  much  U  eadhone'a  share  7  Here,  $6000  -f  $0000= $15000  Joint  capital ;  then  say, 
Joint  cap.       Total  gaf~  ..-..--- 

$15000       :       $2400 

B'fl  cnp.  B's  share. 

$1440 
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23804 

24054 

24303 

24551 

24797 

26042 

25285 

249 

18 

25527 

25767 

26007 

26245 

26481 

26717 

26951 

27184 

27415 

27646 

236 

19 

27876 

28103 

28330 

28555 

28780 

29003 

29225 

29446 

29666 

29885 

223 

20 

30103 

30319 

30635 

30749 

80963 

31175 

31886 

31697 

31806 

32014 

212 

21 

3-2222 

32428 

3-2633 

32838 

33041 

33243 

3:3445 

33646 

33845 

34044 

202 

22 

34*242 

3U39 

34635 

34830 

36024 

35218 

35410 

35602 

35793 

35983 

194 

23 

36173 

36361 

36548 

36735 

36921 

37106 

37291 

37474 

37657 

37839 

185 

24 

38021 

38-201 

38381 

38560 

38739 

38916 

39093 

39269 

39445 

39619 

17T 

25 

39794 

39967 

40140 

40312 

40483 

40661 

40824 

40993 

41162 

41330 

171 

26 

41497 

41664 

41830 

41995 

42160 

42324 

4248S 

42651 

42813 

42976 

164 

27 

43136 

43296 

43456 

43616 

43775 

43933 

44090 

44248 

44404 

44660 

158 

28 

44716 

41870 

45024 

45178 

45331 

45484 

46636 

45788 

45939 

46089 

153 

29 

46240 

46389 

46538 

46686 

46834 

46982 

47129 

47275 

47421 

47567 

148 

30 

47712 

47856 

48000 

48144 

48287 

48430 

48672 

48713 

48855 

48995 

143 

31 

49136 

49276 

49415 

49654 

49693 

49831 

49968 

60105 

60242 

60379 

138 

32 

50515 

50650 

50785 

509-20 

51054 

51188 

51321 

51454 

51587 

51719 

134 

33 

51851 

51982 

52113 

52244 

52374 

52504 

5-2633 

52763 

52891 

53020 

130 

34 

53148 

53276 

53402 

53529 

53655 

53781 

63907 

54033 

54167 

64282 

126 

a5 

54407 

54530 

54654 

64777 

54900 

65022 

56145 

66-266 

65388 

65509 

122 

36 

55630 

55750 

55870 

55990 

56110 

56229 

56348 

66466 

56684 

56702 

119 

37 

56S-20 

56937 

57054 

57170 

57287 

57403 

57518 

67634 

57749 

57863 

116 

38 

57978 

58092 

58206 

58319 

58433 

58546 

68858 

68771 

68883 

58996 

113 

P 

59106 

59217 

593-28 

59439 

59549 

59659 

69769 

69879 

59988 

60097 

110 

40 

60-206 

60314 

60122 

60530 

60638 

60745 

60852 

60959 

61066 

61172 

107 

41 

61-278 

61384 

61489 

61595 

61700 

61804 

61909 

62013 

«2118 

62221 

104 

42 

62325 

62128 

62531 

62634 

82736 

62836 

62941 

63042 

63144 

63245 

102 

4:J 

63347 

63417 

63648 

63648 

63749 

63848 

63948 

64048 

64147 

64246 

99 

44 

64345 

64443 

64542 

64640 

64738 

64836 

64933 

65030 

65127 

65224 

98 

45 

65321 

65417 

65513 

66609 

65705 

65801 

65896 

65901 

66086 

66181 

96 

46 

66276 

66370 

66464 

66558 

66651 

66745 

66838 

60931 

670-24 

67117 

94 

47 

67210 

67302 

67394 

67486 

67577 

67669 

67760 

67861 

67942 

68033 

92 

48 

68124 

682 14 

68304 

68394 

68484 

68574 

68663 

68752 

68842 

68930 

90 

49 

69020 

69108 

69196 

69284 

69372 

69460 

69648 

69636 

69722 

69810 

88 

60 

69897 

69983 

70070 

70156 

70243 

70329 

70416 

70600 

70686 

70671 

86 

61 

70757 

70842 

70927 

71011 

71096 

71180 

71265 

71349 

71433 

71516 

84 

52 

71600 

71683 

71767 

71850 

n933 

72015 

72068 

7^181 

72263 

72345 

82 

53 

72428 

72509 

72591 

72672 

72754 

72S36 

72916 

72997 

73078 

73158 

81 

64 

73239 

73319 

73399 

73480 

73559 

73639 

73719 

73798 

73878 

73957 

80 

55 

74036 

74115 

74193 

74-272 

74351 

74429 

74507 

74585 

74663 

74741 

78 

56 

74818 

74896 

74973 

75050 

75127 

75204 

75281 

75358 

75434 

75511 

77 

67 

75587 

75663 

75739 

75815 

75891 

75966 

76042 

76117 

76192 

76267 

76 

58 

76342 

76417 

76492 

76566 

76641 

76715 

76789 

76863 

76937 

77011 

74 

59 

77085 

77158 

77232 

77305 

77378 

77451 

77524 

77697 

77670 

77742 

73 

60 

77815 

77887 

77959 

78031 

78103 

78176 

78247 

78318 

78390 

78461 

72 

61 

78533 

78604 

78675 

78746 

78816 

78887 

78958 

79028 

79098 

79169 

71 

62 

79-239 

79309 

79379 

79448 

79618 

79688 

79657 

79726 

79796 

79865 

70 

63 

79934 

80002 

80071 

80140 

80208 

80277 

80345 

80413 

80482 

80660 

69 

64 

80618 

80685 

80753 

80821 

80888 

80966 

81023 

81090 

81157 

81224 

68 

65 

81291 

81368 

81424 

81491 

81557 

81624 

81690 

81756  81822 

81888 

67 

♦Each  log  is  supposed  to  have  the  decimal  sign  .  before  It. 

°  *^*^  3igTtized  by  VjVJVJV  IV^ 


TABLE  OP  LOGABITHMS. 
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l<0|rarithros  of  Xambera, 

from  0  to  1000*-(Continned.) 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

0 

Prop. 

66 

81054 

82020 

82085 

82151 

82216 

82282 

82347 

82412 

82477 

82542 

66 

67 

82607 

82672 

82736 

82801 

82866 

82930 

82994 

83058 

83123 

83187 

65 

68 

83250 

83314 

83378 

83442 

83505 

83669 

83632 

83695 

83758 

83821 

64 

69 

83884 

83947 

84010 

84073 

84136 

84198 

84260 

84323 

84385 

84447 

63 

70 

84509 

84571 

84633 

84695 

84757 

84818 

84880 

84941 

86003 

850C4 

62 

71 

86126 

85187 

85248 

86309 

85369 

85430 

85491 

85561 

85612 

85672 

61 

72 

85T33 

85793 

86863 

85913 

86973 

86033 

86093 

86153 

86213 

86272 

60 

73 

86332 

86391 

86451 

86510 

86569 

86628 

86687 

86746 

86805 

86864 

59 

74 

86923 

86981 

87040 

87098 

87157 

87216 

87273 

87332 

87390 

87448 

58 

75 

87606 

87664 

87621 

87679 

87737 

87794 

87852 

87909 

87966 

8^024 

57 

76 

88081 

88138 

88195 

88252 

88309 

88366 

88422 

88479 

88536 

88592 

66 

77 

88649 

88705 

88761 

88818 

88874 

88930 

88986 

89042 

89098 

89153 

56 

78 

89209 

89265 

89320 

89376 

89431 

89487 

89542 

89597 

89662 

89707 

55 

79 

89762 

89817 

89^72 

89927 

89982 

90036 

90091 

90145 

90200 

90264 

54 

80 

90309 

90363 

90417 

90471 

90626 

90670 

90633 

90687 

90741 

90794 

64 

81 

90848 

90902 

90955 

91009 

91062 

91115 

91169 

91222 

91275 

91328 

53 

82 

91381 

91434 

91487 

91540 

91592 

91W6 

91698 

91760 

91803 

91856 

53 

83 

91907 

91960 

92012 

92064 

92116 

92168 

92220 

92272 

92324 

92376 

62 

84 

92427 

92479 

92631 

92582 

92634 

92685 

92737 

92788 

92839 

92890 

61 

86 

92941 

92993 

93044 

93096 

93146 

93196 

93247 

93298 

93348 

93399 

61 

86 

93449 

93500 

93560 

93601 

93651 

93701 

93751 

938D2 

93862 

93902 

60 

87 

93951 

94001 

94061 

94101 

94161 

94200 

94250 

94300 

9-1349 

94398 

49 

88 

94448 

94497 

94546 

94596 

94645 

94694 

94743 

94792 

94841 

94890 

49 

89 

94939 

94987 

95036 

96086 

95133 

95182 

95230 

96279 

95327 

95376 

48 

00 

95424 

95472 

95620 

95668 

95616 

95664 

95712 

96760 

95808 

96856 

48 

91 

96904 

95951 

95999 

96047 

96094 

96142 

96189 

96236 

96284 

96331 

48 

92 

96378 

96426 

96473 

96520 

06667 

96614 

96661 

96708 

96754 

96801 

47 

93 

96848 

96895 

96941 

96988 

97034 

97081 

97127 

97174 

97220 

97266 

47 

94 

97312 

97359 

97405 

97461 

97497 

97543 

97689 

97636 

97680 

97726 

46 

95 

97772 

97818 

97863 

97909 

97954 

98000 

98045 

98091 

98136 

98181 

46 

96 

98227 

98272 

98317 

98362 

98407 

98462 

98497 

98542 

98687 

98632 

45 

97 

98677 

98721 

98766 

98811 

98865 

98900 

98945 

9^989 

99033 

9907b 

45 

98 

99122 

99166 

99211 

99255 

99299 

99343 

99387 

99431 

99475 

99619 

44 

99 

99563 

99607 

99651 

99694 

99738 

99782 

99826 

99869 

99913 

99956 

44 

*£ach  log  is  supposed  to  have  the  decimal  sign  .  before  it. 


The  log  of  2870  is  3.45788 
"  ♦*  «  287  is  2.45788 
"  "  **  28.7  is  1.45788 
"     «    ««  2.87  is  0.45788 


The  log  of  .28718  —  1.45788 
"  "  "  .028  is  —  2.44716 
«  "  ♦'  .002  is  —  3.30103 
«     «    «  .000218  —  4.30103 


What  is  the  log  of  2873  ? 
Here,  log  of  2870  =  3.46788 
And  prop  158  X  3  =  459 


3.458339 


To  find  roots  divide  the  log  (with  its  index)  of  the  given  number,  by  that 
number  wbicli  ezpretises  the  kind  of  root.    The  quotient  will  be  the  log  of  the  required  root. 
JBxaiiiple.    What  is  the  cube  root  of  2870? 

Here,  the  log  of  2870,  with  its  index,  is  3.45788.     And  -'—  -  =  1  .iS'JiSa.    Henoe  the  cube  root  is  14.2: 

The  HTperbolic,  or  ITaplerlan  logrAr'^l^in  is  the  common  log  uf 

the  table  mulUpiied  bj  2.3025851. 


y  Google 
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fikqaare 


SQUARE  AND  CUBE  ROOTS. 


and  Cube  Boots  of  JVnmbeiv  ftrom  .1  to  28. 

No  error*. 


No. 


Square. 


.1 

.15 

.2 

.25 

.3 

J3S 

.4 

45 

.5 

.56 

.6 

.65 

.7 

.75 

.8 

» 
.96 
1. 

.05 
1.1 

.15 
1.2 

.25 
1^ 

.35 
1.4 

.45 
1.5 

.S5 

i.e 

.<5 
17 

.15 
1.8 

.85 
l.» 

.95 


.4 

.5 

.« 
.7 

.8 
.ft 

& 
.1 


.2 

.4 
.5 

.ft 
.7 
.8 

6. 
.1 
.2 
Jt 
.4 
.5 
j6 


M 

.1225 

.1ft 


9. 

9.(9 
ia24 
10.89 
11.56 
1Z25 
12.96 
13.6» 
14.44 
15.21 
1& 
16.81 
17.64 
18.49 
19.36 
30.25 
21.16 
22.09 
23.04 
M.01 
25. 
K.01 
27.04 
28.09 
29.1ft 
30415 

si.aft 


Cabe. 


.OlM 

.027 

J04S9 

JDM 

.0011 

.125 

.1664 

.216 

^4ft 

.813 

.4219 

.512 

.6141 

.729 

.8574 

l.OOO 

"  ^58 

01 

»21 

f28 

153 


175 
'24 
06 
192 
>I3 
159 
82 
132 
69 
\lb 
100 

12.17 
13.82 
15.63 

17.58 

19.68 

21.95 

94.39 

27. 

29.79 

S2.n 

35.94 

39.30 

42.88 

4&66 

50.65 

54.87 

56.32 

64. 

68.92 

74.09 

79.51 

85.18 

91.13 

97.34 

106.8 

110.6 

117.6 

125. 

132.7    . 

140.6 

148.9 

157.5 

166.4 
175.* 


8q.  Bt. 


.316 
.387 
.447 
.500 
.548 
.592 
Ji33 
.671 
.707 
.742 
.775 
.806 
887 
.866 
.894 
.922 
.949 
.975 
1.000 
1.025 
1.019 
1.072 
1.095 
1.118 
1J40 
1.162 
1.183 
1.204 
1.225 
1.245 
1.265 
1.285 
1.304 
1.323 
1..342 
1.360 
1.378 
1.386 
1.414 
1.449 
1.483 
1.517 
1.549 
1.581 
1.612 
1.643 
1.673 
1.70S 
1.732 
1.761 
1.789 
1.811 
1.844 
1.871 
1.897 
1J>24 
1.949 
1.975 
2. 

2.025 
2.049 
2.074 
2.098 
9.121 
2.145 
2.168 
2.191 
2.214 
2.236 
2.258 
2.280 
2.302 
2.324 
2.345 


.531 
.585 
.630 
.669 
.705 
.737 
.766 
.794 
.819 
.843 


JH7 
.965 
.963 
1.000 
1.016 
1.082 
1.048 
1.063 
1.077 
1.091 
1.105 
1.119 
1.132 
1.145 
1.157 
1.170 
1.182 
1.19S 
1.205 
1.216 
1.228 
1.239 
1.249 
1.260 
1.281 
1.301 
1.320 
1.339 
1.357 
1.375 
1.392 
1.409 
1.426 
1.442 
1.458 
1.474 
1.489 
1.504 
1.518 
1.533 
1.547 
1.560 
1.574 
1.587 
1.601 
1613 
1.626. 
I. €39 
1.651 
1.683 
1.675 
1.687 
1.698 
1.710 
1.721 
1.732 
1.744 
1.754 
1.765 
1.176 


.7 

2.387 

1.786 

.4 

.8 

2.408 

1.797 

.6 

.9 

2.429 

1.807 

.8 

6. 

2.449 

1.817 

14. 

.1 

2.470 

1.827 

.2 

.2 

2.490 

1.837 

.4 

.3 

2.510 

1.847 

.6 

.4 

2.530 

1.857 

.8 

.5 

2.550 

1.866 

15. 

.6 

2.569 

1.876 

.2 

.7 

2.588 

1.885 

.4 

.a 

2.608 

1.895 

.6 

.9 

2.627 

1.904 

.8 

7. 

2.646 

1.913 

16. 

.1 

2.665 

1.922 

.2 

.2 

2.683 

1.981 

.4 

it 

2.702 

1.940 

.6 

.4 

2.720 

1.949 

.8 

.5 

2.739 

1.957 

17. 

.6 

2.757 

1.966 

.2 

.7 

2.775  • 

1975 

.4 

.8 

2.793 

1.983 

.6 

J9 

2.811 

1.992 

.8 

8. 

2.828 

2.000 

18. 

.1 

2.846 

2.008 

.2 

.2 

2.864 

2.017 

.4 

.3 

2.881 

2.025 

.6 

.4 

2.806 

2.033 

.8 

.5 

2.915 

2.041 

19. 

.6 

2.938 

2.049 

.2 

.7 

2.950 

2.057 

.4 

.8 

2.966 

2.065 

.6 

.9 

2.98S 

2.072 

.8 

9. 

3. 

2.080 

20. 

.1 

3.017 

2.088 

.2 

.2 

8.033 

2.095 

.4 

.3 

3.050 

2.103 

.6 

.4 

3.066 

2.110 

.8 

.5 

8.082 

2.118 

21. 

.6 

3.096 

2.125 

.2 

.7 

8.114 

2.133 

.4 

.8 

3.130 

2.140 

.6 

.9 

S.14< 

2.147 

.8 

la 

8.162 

2.154 

22. 

.1 

8.118 

2.162 

.2 

.2 

8.194 

2.169 

.4 

.3 

3.209 

2.176 

.6 

.4 

3.225 

2.183 

.8 

.5 

8.240 

2.190 

23. 

.6 

8.256 

2.197 

.2 

.7 

3.271 

2.204 

.4 

.8 

8.286 

2.210 

.6 

.9 

8.302 

2.217 

.8 

LI. 

8.817 

2.224 

24. 

.1 

3.332 

2.231 

.2 

.2 

3.347 

2.237 

.4 

.3 

3.362 

2.244 

.6 

.4 

3  376 

2.251 

.8 

.5 

8.391 

2.257 

25. 

.6 

8.406 

2.264 

.2 

.7 

3.421 

2.270 

.4 

.8 

3.435 

2.277 

.6 

.9 

3.450 

2.283 

.8 

12. 

3.464 

2289 

26. 

3.479 

2.296 

.2 

".2 

3.498 

2.302 

.4 

.3 

S.S07 

2.308 

.6 

.4 

8.521 

2.315 

.8 

.5 

3.536 

2.321 

27. 

.6 

S.550 

2.327 

.2 

.7 

3.564 

2.333 

.4 

.8 

3.578 

2339 

.6 

.9 

8.592 

2.346 

.8 

13. 

3.606 

2..%l 

28. 

.2 

8.633 

2.863 

.2 

Kt. 

C.Bt. 

8.661 

2.375 

3.688 

2.387 

3.715 

2.399 

8.742 

2.410 

3.768 

2.422 

3.795 

2.433 

3.821 

2.444 

3.847 

2.455 

3.873 

2.466 

3.899 

2.477 

8.924 

2.488 

3.9S0 

2.490 

8.975 

2.509 

4. 

2.520 

4.025 

2.530 

4.050 

2.541 

4.074 

2.551 

4.099 

2.561 

4.123 

2.571 

4.147 

2.681 

4.171 

2.591 

4.196 

2.601 

4.219 

2.611 

4.243 

2.621 

4.266 

2.630 

4.290 

2640 

4.313 

2.650 

4J)36 

2.659 

4Jt59 

2.668 

4.382 

2.678 

4.405 

2.687 

4.427 

2.686 

4.450 

2.705 

4.472 

2.714 

4.494 

2.723 

4.517 

2.732 

4.539 

2.741 

4.561 

2.760 

4.583 

2.759 

4.604 

2.768 

4.626 

2.776 

4.648 

2.785 

4.669 
4.690 

?:SS 

4.712 

2.810 

4.733 

2.819 

4.754 

2.827 

4.775 

2.836 

4.796 

2.844 

4.817 

2.852 

4.837 

2.860 

4.868 

2.868 

4.879 

2.876 

4.889 

2.884 

4.919 

2.892 

4.940 

2.900 

4.960 

2.908 

4.980 

2.916 

5. 

2.924 

5.020 

2.932 

6.040 

2.940 

5.060 

2.947 

5.079 

2.955 

5099 

2.962 

5.119 

2.970 

5.138 

2.978 

5.158 

2.965 

5.177 

2.996 

5.196 

8.000 

5.215 

8.007 

6.235 

3.015 

5.254 

8.022 

5.273 

3.029 

6.292 

8.037 

5.310 

8.044 
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TABI^E  of  SqnHres,  Cnbes,  Saaare  RootM,  Hud  Cobe  Booto, 
of  Numbers  from  1  to  1000. 

BsMAKK  ON  THB  iroLLowiiia  Tablb.     TThercTer  the  effect  of  a  fifth  decimal  Id  the  root*  would  be  te 
Bdd  1  to  the  fourtb  and  final  decimal  tn  the  table,  the  addition  ha«  been  made.  No  e 


No. 

Square. 

Cube. 

Sq.Bt. 

C.  Bt. 

No. 

Bquare. 

Cube. 

Sq.Bt. 

p.Bt. 

1 

1 

1 

1.0000 

1.0000 

61 

3721 

230981 

7.8102 

8.9365 

s 

4 

8 

1.4142 

1.2499 

62 

8844 

238328 

7.8740 

8.9679 

s 

9 

27 

1.7321 

1.442S 

68 

8909 

250047 

7.9373 

8.8791 

4 

16 

04 

3.0000 

1.5874 

64 

4006 

363144 

8.0000 

4. 

6 

36 

125 

S.2861 

1.7100 

66 

4226 

374626 

8.0628 

4.08OT 

• 

86 

210 

3.4495 

1.8171 

66 

4356 

287496 

8.1240 

4.0413 

7 

49 

848 

8.6468 

1.9139 

67 

4488 

800768 

8.1854 

4.0616 

8 

•4 

612 

8.8284 

3.0000 

68 

4624 

314482 

&2403 

4.0817 

9 

81 

729 

8.0000 

3.0801 

60 

4761 

828609 

&30e6 

4.1016 

10 

100 

1000 

8.1623 

3.1644 

70 

4800 

3430OO 

&8006 

4.1218 

11 

121 

1331 

8.3166 

3.2240 

71 

5041 

857911 

8.4281 

4.1406 

IS 

144 

1738 

8.4641 

3.2894 

72 

5184 

373248 

8.4868 

4.1002 

IS 

109  . 

2197 

8.6050 

3.3513 

78 

6329 

889017 

8.5440 

4.1788 

u 

190  * 

2744 

8.7417 

3.4101 

74 

5t76 

405224 

8.6023 

4.1968 

1& 

236 

8875 

8.8730 

3.4062 

75 

6625 

421876 

8.6608 

4.217S 

16 

250 

4096 

4.0000 

3.5198 

76 

6776 

488976 

8.7178 

4.2358 

17 

289 

4918 

4.1231 

3.5713 

77 

6929 

456583 

8.7750 

4.2548 

18 

324 

5832 

4.3426 

3.6207 

78 

6084 

474552 

8.8318 

4.2727 

19 

861 

6859 

4.3588 

3.6684 

78 

0241 

49S089 

8.8882 

4.2908 

w 

400 

8000 

4.4721 

2.7144 

80 

6400 

612000 

8.9448 

4.3088 

n 

441 

9261 

4.5826 

3.7589 

81 

6561 

631441 

9. 

4.3287 

S3 

484 

10648 

4.6904 

8.8020 

82 

6724 

651368 

9.0564 

4.3446 

» 

629 

12167 

4.7968 

2.8439 

83 

6889 

57r/87 

9.1104 

4.3621 

a 

570 

13824 

4.8990 

3.8845 

84 

7066 

592704 

9.1652 

4.3796 

» 

OSS 

15625 

6.0000 

3.9240 

86 

7226 

614128 

9.2185 

4.3968 

38 

670 

17576 

5.0890 

2.9625 

86 

7396 

686050 

8.2736 

4.4140 

37 

739 

19688 

6.1S6i 

3.0000 

87 

7508 

658503 

8.3274 

4.4310 

38 

784 

21952 

6.2915 

3.0366 

88 

7744 

681472 

9.3808 

4.4480 

39 

841 

24389 

6.3852 

3.0783 

89 

7921 

704968 

9.4340 

4.464T 

ao 

900 

37000 

6.4n2 

3.1073 

80 

8100 

729000 

9.4868 

4.4814 

81 

961 

29791 

5.5678 

8.1414 

91 

8281 

753571 

9.5394 

4.4878 

ts 

10S4 

82708 

6.6569 

3.1748 

9S 

8464 

778688 

8.5917 

4.5144 

ss 

1000 

85887 

6.7446 

8.3075 

98 

8648 

804367 

8.6487 

4.5807 

84 

1160 

89304 

5.8310 

8.3390 

94 

8836 

830584 

8.6954 

4.6468 

» 

1836 

42875 

6.9161 

8.2711 

96 

8026 

857376 

8.7468 

4.6638 

86 

1296 

46656 

6.0000 

8.3019 

96 

8216 

884736 

8.7980 

4.5788 

87 

1360 

60058 

6.0828 

3.3322 

97 

8408 

812C78 

8.8489 

4.5047 

88 

1444 

64873 

6.1644 

3.3020 

98 

8604 

941192 

9.8995 

4.6104 

89 

1531 

80S19 

6.2150 

3.3912 

99 

8801 

970299 

9.9489 

4.0261 

40 

1000 

04000 

6.3240 

3.4800 

100 

10000 

1000000 

10. 

4.6416 

41 

1081 

08921 

6.4031 

8.4482 

101 

10201 

1030301 

10.0499 

4.6570 

43 

1704 

74088 

6.4807 

8.4760 

102 

10404 

1061208 

10.0995 

4.6728 

48 

1840 

79607 

6.5674 

3.5034 

103 

10608 

1002727 

10.1489 

4.6875 

44 

1990 

85184 

6.6883 

3.5303 

104 

10816 

1124864 

10.1960 

4.7027 

46 

3036 

911S5 

6.7083 

3.5509 

105 

11026 

1157625 

10.2470 

4.7177 

46 

3110 

97330 

6.7823 

8.5830 

106 

11236 

1191016 

10.2956 

4.7326 

47 

3200 

103823 

6.8557 

8.6068 

107 

11448 

1225048 

10.3441 

4.7475 

48 

8304 

110692 

6.9382 

8.6342 

106 

11664 

1259712 

10.3923 

4.7622 

49 

8401 

117649 

7.0000 

8.6593 

109 

11881 

1295029 

10.4403 

4.7769 

60 

3600 

125000 

7.oni 

8,6840 

110 

12100 

1331000 

10.4881 

4.7914 

61 

3601 

182651 

7.1414 

8.7084 

111 

12321 

1367631 

10.5357 

4.8058 

63 

S704 

140606 

7.8111 

8.7325 

112 

12544 

1404928 

10.5830 

4.8208 

68 

3800 

1488n 

7.2801 

8.7563 

113 

13709 

1442897 

10.6301 

4.8346 

64 

8910 

157464 

7.3485 

8.7798 

114 

12996 

1481544 

10.6771 

4.8488 

66 

8026 

166375 

7.4108 

3.8030 

115 

18225 

1520875 

10.7338 

4.8628 

86 

8136 

175616 

7.4833 

8.8259 

116 

13456 

1500896 

10.7703 

4.8770 

67 

8340 

185198 

7Ji486 

8.8485 

117 

I.S688 

1601613 

10.8167 

4.8910 

68 

8864 

195113 

7.0158 

8.8709 

118 

18924 

1643082 

10.8628 

4.9048 

80 

8481 

306879 

7.6811 

8.8980 

119 

14161 

1685159 

10.9087 

4.9187 

•9 

8000 

SIOOOO 

1.7460 

8.9148 

190 

14400 

1728000 

ia9545 

4.8894 
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TABI<E  of  Squares,  Cubes,  fikinare  Roots,  and  Cube  Roots, 
of  lumbers  from  1  to  1000— (Continues .) 


No. 

Sqiiare. 

Cube. 

Sq.  Rt. 

C.Rt. 

No. 

Square. 

Cube. 

Sq.  Rt. 

C.Rt. 

121 

14641 

1771561 

11. 

4.9461 

186 

34596 

6434856 

13.6382 

6.7083 

122 

14884 

1815848 

11.0464 

4.9597 

187 

34969 

6539203 

13.6748 

5.7185 

123 

15129 

1860867 

11.0905 

4.9732 

188 

85344 

6644672 

13.7118 

6.7287 

124 

15376 

1906624 

11.1355 

4.9866 

189 

35721 

6751269 

18.7477 

6.7388 

125 

15625 

1953125 

11.1803 

5. 

190 

36100 

6859000 

18.7840 

6.7489 

126 

15876 

2000376 

11.2250 

5.0133 

191 

86481 

6967871 

13.8208 

5.7590 

127 

16129 

2048383 

11.2694 

5.0265 

192 

86864 

7077888 

13.8564 

6.7600 

128 

16384 

2097152 

11.3137 

6.0397 

193 

87248 

7189057 

13.8924 

6.7790 

129 

16641 

2146689 

11.3578 

5.0528 

194 

87636 

7301884 

13.9284 

6.7890 

130 

16900 

2197000 

11.4018 

6.0658 

195 

88025 

7414875 

18.9642 

6.7989 

131 

17161 

2248091 

11.4455 

5.0788 

196 

88416 

7629686 

14. 

6.8068 

132 

17424 

2299968 

11.4891 

5.0916 

197 

88809 

7645373 

14.0367 

6.8186 

133 

17689 

2352637 

11.5328 

5.1045 

198 

89204 

7762392 

14.0712 

6.8285 

134 

17958 

2406104 

11.5758 

5.1172 

199 

39601 

7880599 

14.1067 

6.8383 

135 

18225 

2460375 

11.6190 

6.1299 

200 

40000 

8000000 

14.1421 

6.8480 

136 

18496 

2515456 

11.6619 

5.1426 

201 

40401 

8120601 

14.1774 

6.8578 

137 

18769 

2571353 

11.70*7 

5.1551 

202 

40804 

8242408 

14.2127 
14.^478 

6.8675 

138 

19044 

2628072 

11.7473 

5.1676 

203 

41209 

8365427 

6.8771 

139 

19321 

2685619 

11.7898 

5.1801 

204 

4]  616 

8489664 

14.2829 

6.8868 

140 

19600 

2744000 

11.8322 

5.1925 

205 

42025 

8615125 

14.3178 

6.8964 

141 

19881 

2803221 

11.8743 

5.2048 

206 

42436 

8741816 

14.3527 

5.9058 

142 

20164 

2863288 

11.9164 

5.2171 

207 

42849 

8869743 

14.3875 

5.9155 

143 

20449 

2924207 

11.9583 

5.2293 

208 

43264 

8998912 

14.4222 

6.9250 

144 

20736 

2985984 

12. 

5.2415 

209 

43681 

9129829 

14.4568 

6.9845 

145 

21025 

8048625 

12.0416 

5.2536 

210 

44100 

9361000 

14.4914 

6.9439 

146 

21316 

3112136 

12.0830 

5.2656 

211 

44521 

9393931 

14.5258 

6.9533 

147 

21609 

3176523 

12.1244 

5.2776 

212 

44944 

9528128 

14.5602 

6.9627 

148 

21904 

3211792 

12.1655 

5.2896 

218 

45369 

9663597 

14.5945 

5.9731 

149 

22201 

3307949 

12.2066 

6.3015 

214 

45796 

9800344 

14.6287 

6.9814 

150 

22500 

8375000 

12.2474 

5.3133 

215 

46225 

9938375 

14.6629 

6.9907 

151 

22801 

8442951 

12.2882 

5.3251 

216 

46656 

10077696 

14.6969 

«. 

152 

23104 

3511808 

12,3288 

5.3368 

217 

47089 

10218313 

14.7309 

6.0092 

153 

23409 

3581577 

12.3693 

5.3485 

218 

47524 

10360232 

14.7648 

6.0185 

154 

23716 

365220* 

12.4097 

5.3601 

219 

47961 

10503459 

14.7966 

6.02n 

155 

24025 

3723875 

12.4499 

5.3717 

220 

48400 

10648000 

14.8324 

6.0368 

156 

24336 

8796416 

12.4900 

5.3832 

221 

48841 

10793861 

14.8661. 

6.0458 

157 

24649 

3869893 

12.5300 

8.3947 

222 

49284 

10941048 

14.8997 

6.0550 

158 

24964 

3944312 

12.5698 

5.4061 

223 

49729 

11089567 

14.9382 

6.0641 

159 

25281 

4019679 

12.6095 

5.4175 

324 

50176 

11339424 

14.9666 

6.0732 

160 

25600 

4096000 

12.6491 

6.4288 

225 

60625 

11390625 

16. 

6.0823 

161 

25921 

4173281 

12.6886 

6.4401 

226 

61076 

11648176 

16.0388 

6.0912 

162 

26244 

4251528 

12.7279 

6.4614 

227 

51529 

11697083 

16.0665 

6.1002 

163 

26569 

4330747 

12.7671 

6.4626 

228 

61984 

11852362 

16.0997 

6.1091 

164 

26896 

4410944 

12.8062 

6.4737 

239 

52441 

12008989 

15.1327 

6.1180 

165 

37225 

4492125 

12.8452 

6.4848 

230 

62900 

12167000 

15.1658 

6.1268 

166 

27556 

4574296 

12.8841 

5.4959 

281 

63361 

12326391 

16.1987 

6.1868 

167 

27889 

4657463 

12.9228 

5.5069 

232 

63824 

12487168 

15.2315 

6.1446 

168 

28224 

4741632 

12.9615 

5.5178 

233 

64289 

126493.37 

15.2643 

6.1584 

169 

28561 

4826809 

13. 

5.5268 

234 

54756 

12812904 

15.2971 

61622 

170 

28900 

4913000 

13.0384 

6.5397 

235 

65225 

12977875 

15J)297 

6.1710 

171 

29241 

5000211 

13.0767 

6.5505 

236 

6569& 

13144266 

15.3638 

6.1787 

173 

29584 

5088148 

13.1149 

6.5613 

237 

66169 

13312053 

15.3948 

6.1885 

173 

29929 

5177717 

13.1529 

5.5721 

238 

66644 

13481272 

16.4272 

6.1973 

174 

30276 

5268024 

13.19W 

6.5828 

239 

67121 

13651919 

15.4586 

6.2068 

175 

30625 

5359375 

13.2288 

6.5934 

240 

57600 

13824000 

16.4919 

6.2145^ 

178 

80976 

5451776 

13.2665 

5.6041 

241 

68081 

13997521 

16.5243 

6.2331 

177 

31329 

5545233 

13.3041 

5.6147 

242 

68564 

14172488 

15.5568 

6.2317 

178 

31684 

5639752 

13.3417 

5.6-252 

243 

69049 

14348907 

15.5885 

6.2408 

179 

32041 

5735339 

13.3791 

5.6357 

244 

59536 

14526784 

16.6205 

6.2488 

180 

32400 

5832000 

13.4164 

5.6462 

245 

60025 

14706125 

16.6526 

6.2578 

181 

32761 

5929741 

13.4536 

6.6567 

246 

60516 

14886936 

15.6844 

6.2656 

182 

83124 

6028568 

13.4907 

5.6671 

847 

61009 

15069228 

15.7162 

«.274» 

1«J 

33489 

6128487 

13.5277 

5.6774 

248 

61504 

15252992 

15.7480 

6.2838 

184 

33858 

6229504 

13.56*7 

6.6877 

249 

62001 

15438249 

15.7787 

t.m» 

185 

34225 

6331625 

13.6015 

5.6980 

250 

62500 

15625000 

15.8114 

6.2991 
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TABLE  of  Sqnares,  Cubes,  Square  Rootn,  and  Cnbe  R€»oUi, 
of  Numbers  from  1  to  1000  — (Continuedo 


No. 

Square. 

Cube. 

Sq.  lit. 

C.  Rt 

No. 

Square. 

Cube. 

Sq.  Bt. 

C.Rt. 

251 

63001 

15813-251 

13.8130 

6.3080 

816 

99856 

31531196 

17.7764 

6.8113 

^>'J 

63504 

lti003008 

l.j.8715 

6.3101 

317 

100189 

31865013 

17.8045 

6.8185 

2*} 

64009 

10194277 

13.9060 

6.32*7 

818 

101124 

321574.J2 

17.8326 

6.8236 

%4 

64516 

16387064 

15.9371 

6.33.*J0 

819 

101761 

3-2461759 

17.8606 

6.8328 

253 

65025 

16581375 

15.9G87 

6.3413 

3-20 

102400 

82768000 

17.8885 

6.8399 

256 

65536 

16777216 

16. 

6.3496 

821 

103041 

83076161 

17.9165 

8.8470 

257 

66049 

16974393 

16.0313 

6.3579 

323 

103684 

83386348 

17.9444 

6.8341 

258 

66564 

17173513 

16.0624 

6.3061 

823 

104329 

83606267 

17.9722 

8.8612 

35» 

67061 

17373979 

16.0985 

6.3743 

324 

104976 

81012324 

18. 

6.8683 

260 

67600 

17576000 

16.1345 

8.38-25 

835 

105639 

843-28125 

18.0278 

6.8758 

261 

68121 

17779581 

16.1555 

6.3907 

826 

106376 

84645976 

18.0556 

6.8884 

262 

686U 

17981728 

16.1861 

6.398« 

827 

106939 

84965783 

18.0831 

6.88M 

263 

69169 

18191447 

16.2173 

6.4070 

838 

107581 

852H7552 

18.110B 

8.8964 

261 

69696 

18:199744 

16.2481 

6.4151 

329 

108241 

86811389 

18.1884 

6.9034 

265 

70225 

18609623 

16.2788 

6.4232 

830 

108900 

35937000 

18.1650 

8.9104 

266 

70756 

18821006 

16.3095 

6.4312 

881 

109561 

86264691 

18.1934 

8.9174 

267 

71289 

19031163 

16.3401 

6.4393 

832 

110224 

86594368 

18.-2-209 

6.92U 

268 

71824 

19-248832 

16.S707 

6.4173 

333 

110889 

36926037 

18.2483 

8.9313 

26» 

72361 

19463109 

16.4013 

6.4553 

334 

111556 

37259701 

18.2757 

6.9;{83 

270 

72900 

19683000 

16.4317 

6.4633 

335 

112-223 

37595375 

18.3080 

8.9461 

271 

73441 

19902511 

16.4621 

6.4713 

836 

112896 

87938056 

18.8808 

8.9521 

272 

73984 

20123618 

16.4934 

6.4793 

337 

113569 

88-273753 

18.3576 

6.0389 

273 

74529 

2aY16117 

16.53-27 

6.4872 

838 

114244 

88614472 

18.3848 

8.9C58 

274 

75076 

20370824 

16.66-29 

6.4951 

339 

114921 

38958219 

18.4120 

8.97-27 

275 

766-25 

20796875 

16.5831 

6.5030 

340 

113600 

39304000 

18.4391 

6.9795 

276 

76176 

210-24576 

16.6133 

6.5108 

841 

116281 

89651821 

18.4662 

8.9864 

277 

76729 

21-253933 

16.6133 

6.3187 

842 

116961 

40001688 

18.4932 

6.9933 

278 

77284 

21484952 

16.6733 

6.5265 

343 

117619 

40353607 

18.5208 

7. 

27V 

n841 

21717639 

16.7033 

6.5343 

844 

118336 

40707581 

18.5472 

7.0068 

280 

78400 

2195-2000 

16.7332 

6.54'il 

345 

119023 

410636-25 

18.5743 

7.0136 

281 

78961 

32188041 

16.7631 

6.5499 

846 

119716 

41431736 

18.6011 

7.0303 

282 

79324 

32425768 

16.7939 

6.3577 

847 

120109 

41781933 

18.6279 

7.0271 

283 

80089 

32665187 

16.8226 

6.5654 

848 

121104 

42144192 

18.6548 

7.0.338 

261 

80656 

32906304 

16.8323 

6.3731 

849 

121801 

42508549 

18.6815 

7.0106 

285 

81-225 

33149125 

16.8819 

6.5808 

350 

132300 

42875000 

18.7083 

7.0473 

286 

81796 

33393656 

16.9115 

6.5885 

851 

123201 

43213551 

18.7850 

7.0540 

287 

Hzm 

23639903. 

16.9111 

6.5962 

352 

1-23901 

43614208 

18.7817 

7.0607 

388 

8-2944 

33887872 

10.9706 

6.6039 

853 

1-24609 

4;i986977 

18.7883 

7.0674 

2814 

83521 

34137569 

17. 

6.6115 

354 

123316 

44361864 

18.8149 

7.0740 

290 

84100 

31389000 

17.0294 

6.6191 

355 

126025 

44738875 

18.8414 

7.0807 

291 

84681 

34643171 

17.0587 

6.6267 

856 

126736 

45118016 

18.8680 

7.0878 

293 

85264 

34897088 

17.0880 

6.6343 

337 

127449 

45499293 

18.8944 

7.0910 

293 

85819 

25133737 

17.1172 

6.6419 

858 

128164 

45882712 

18.9309 

7.1006 

394 

86436 

25412181 

17.1464 

6.6494 

359 

128881 

46368279 

18.9473 

7.1073 

295 

87025 

2567-2375 

17.1756 

6.6569 

360 

129600 

46656000 

18.9737 

7.1188 

296 

87616 

25934336 

17.2047 

6.6644 

361 

130321 

47045881 

19. 

7.1104 

297 

88209 

26198073 

17.2337 

6.6719 

363 

131014 

47437928 

19.0368 

7.1280 

298 

88804 

36463593 

17.26'27 

6.6794 

363 

131769 

47833147 

19.0526 

7.1835 

299 

89401 

26730899 

17.2916 

6.6869 

364 

132496 

48228544 

19.0788 

7.1400 

300 

90000 

27000000 

17.3205 

4^6913 

365 

133225 

48627125 

19.1030 

7.1466 

801 

90601 

27370901 

17..3494 

6.7018 

866 

133956 

49027896 

19.1311 

7.1531 

802 

91-204 

37543606 

17.3781 

6.7092 

367 

134689 

49430863 

19.1573 

7.1596 

303 

91809 

37818127 

17.4069 

6.7166 

868 

135424 

49836032 

19.1833 

7.1661 

801 

92116 

28094461 

17.4356 

6.7240 

869 

136161 

50243409 

19.2094 

7.17*26 

805 

93035 

28372635 

17.4612 

6.7313 

870 

136900 

50633000 

19.-2354 

7.1791 

806 

93636 

38652616 

17.4929 

6.7387 

371 

137641 

51061811 

19.2614 

7.1855 

307 

94249 

38934443 

17.5214 

6.7460 

372 

138384 

614788*8 

19.2873 

7.19-20 

308 

91864 

39218112 

17.5499 

6.7533 

373 

139139 

51893117 

19.3132 

7.1984 

3oa 

93181 

29503629 

17.5784 

6.7606 

374 

139876 

52313624 

19.3391 

7.2018 

810 

96100 

39791000 

17.6068 

6.7679 

375 

140625 

52731375 

19.3619 

7.-2112 

811 

96731 

80030231 

17.6352 

6.7752 

876 

141376 

53157376 

19.3907 

7.2177 

812 

97344 

80371328 

17.6635 

6.78-24 

377 

14-21-29 

53582633 

19.4165 

7.2-210 

813 

97969 

30664297 

17.6918 

6.7897 

878 

14-2884 

54010152 

19.4422 
19.4^ 

7.-2:w4 

814 

98596 

30959144 

17.7-200 

6.7969 

379 

14:^641 

54439939 

7.2368 

815 

81255875 

17.7483 

6.8011 

880 

144400 

5487-2000 

19.4936 

7.2481 
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TABI<Ii  Of  fitaaares,  Cubes,  fi^inare  Boots,  and  €al»e  Boots, 
of  jN'mnbers  from  1  to  1000— (Goniimu£d.) 


No. 

Square. 

Cube. 

8q.  Rt. 

cut. 

No. 

Square. 

Cube. 

Sq.Rt. 

cut. 

881 
882 
883 
384 

385 

145161 
145924 
146689 
147456 
148^ 

55306341 
66742968 
56181887 
56623104 
67066625 

19.5192 
19.5448 
19.6704 
19.5959 
19.6214 

7.2495 
-7.2558 
7.2622 
7.2685 
7.2748 

446 
447 
448 
449 
450 

198916 
199809 
200704 
201601 
202500 

88716536 
^14623 
9991S392 
90518849 
91125000 

21.1187 
21.1424 
21.1660 
21.1806 
21.2132 

7.6403 
7.6460 
7.6517 
7.6574 
7.6631 

886 
887 
888 
38» 
890 

148906 
149769 
150544 
151321 
152100 

67512466 
67960603 
68411072 
68863869 
69319000 

19.6469 
19.6723 
19.6977 
19.7281 
19.7484 

7.2811 
7.2874 
7.2936 
7.2999 
7.8061 

461 
462 
463 
464 
456 

203401 
204304 
905209 
206116 
807025 

91783851 
92345408 
92969677 
93676664 
94196376 

21.2368 
21.2608 
21.2888 
21.3078 
31.8807 

7.6688 
7.6744 
7.6801 
7.6867 
7.6814 

891 
892 
898 
894 
896 

152881 
153664 
154449 
155236 
156025 

69776471 
60236288 
60698457 
61162984 
61629875 

19.7737 
19.7990 
19.8242 
19.8494 
19.8746 

7.3124 
7.3186 
7.8248 
7.3310 
7.3372 

466 
467 
468 
469 
460 

207986 
906849 
209764 
210681 
211600 

94818816 
96448993 
90071912 
96702579 
97336000 

31.8542 
21.8776 
21.4009 
31.4248 
31.4476 

7.6870 
Y.7036 
7.7088 
7.7188 
7.7184 

896 
897 
896 

899 
400 

156816 
157609 
158404 
159201 
160000 

62099136 
62570773 
63044792 
63521199 
64000000 

19.8997 
19.9249 
19.9499 
19.9750 
20. 

7.8434 
7.3496 
7.3558 
7.3619 
7.3681 

481 
462 
463 
484 
466 

212621 
2134U 
214369 
215296 
216225 

97972181 
98611128 
99252847 
99897344 
100544625 

21.4700 
21.4942 
31.6174 
31.6407 
31.6689 

7.7260 
7.7806 
7.7363 
7.7418 
7.7478 

401 
402 
403 
404 
406 

160601 
161604 
162409 
163216 
164026 

64481201 
6(964808 
65450627 
65939264 
66430125 

20.0250 
20.0499 
20.0749 
20.0998 
20.1246 

7.3742 
7.3803 
7.3864 
7.3925 
7.3986 

466 
467 
488 
469 
470 

217156 
218080 
219024 
219961 
•220900 

101194696 
101847563 
102608282 
103161709 
103823000 

21.5870 
21.6102 
21.6388 
21.6564 
21.6795 

7.7628 
7.7684 
7.7688 

406 
407 
408 
409 
410 

164836 

166649 
166464 
167281 
168100 

60923416 
67410143 
67917812 
68417929 
68921000 

20.1494 
20.1742 
20.1990 
20.2237 
20.2485 

7.4047 
7.4108 
7.4169 
7.4229 
7.4290 

471 
472 
473 
474 
475 

221841 
222784 
223729 
224676 
225626 

104487111 
105154048 
105828817 
106496424 
107171875 

21.7026 
21.7256 
21.7486 
21.7716 
21.7946 

7.7806 
7.7860 
7.7915 
7.7970 
7.8035 

411 
412 
413 
414 
415 

168021 
169744 
170560 
171396 
172225 

69426531 
69934628 
70444997 
70957944 
71478875 

20.2731 
20.2978 
20.3224 
20.8470 
90.3716 

7.4350 
7.4410 
7.4470 
7.4530 
7.4590 

476 
477 
478 
479 
480 

296576 
^27529 
228484 
229U1 
230400 

107850176 
106531833 
109216352 
109902239 
110592000 

21.8174 
21.8408 
21.8633 
21.8861 
21.9089 

t.8078 
7.8134 
-  7.8188 
7.8343 
7.8397 

416 
417 
418 
419 
420 

173056 
173889 
174724 
176561 
176400 

71991296 
72511713 
73034632 
73660059 
T4088000 

20.3961 
20.4206 
20.4450 
20.4696 
20.4939 

7.4650 
7.4710 
7.4770 
7.4829 
7.4889 

481 
482 
483 
484 
485 

231361 
232324 
233280 
234256 
235225 

111284641 
111980168 
112^78587 
113379904 
114084196 

21J317 
.31.9646 
31.9778 
32. 
32.0227 

7.8352 
7.8406 
7.8400 
7.8614 

7.8568 

421 
422 
428 
424 
425 

177241 
178084 
178929 
179776 
180626 

74618461 
•75161448 
75686967 
76225024 
76766625 

20.5183 
20.5426 
20.5670 
20.5913 
90.6166 

7.4948 
7.5007 
7.5067 
7.5126 
7.5185 

486 
487 
488 
48!) 
490 

236196 
237169 
238144 
239121 
240100 

114791256 
116501303 
116214372 
116930169 
117649000 

22.0464 
22.0681 
32.0907 
32.1188 
32.1859 

7.8622 
7.8676 
7.8780 
7.8784 
7.8837 

426 
427 
428 
429 
430 

1«1476 
182329 
183184 
184041 
184900 

77308776 
77854483 
78402762 
78958689 
79307000 

20.6398 
20.6640 
20.6882 
20.7128 
20.7364 

7.5244 
7.5302 
•7.5361 
7.5420 
7.5478 

401 
492 
493 
494 
496 

241081 
212064 
243048 
244036 
245025 

118370771 
119096488 
119828157 
120553784 
121287375 

32.1686 
22.1811 
22.2036 
22.2261 
22.2486 

7.8881 
7.8844 
7.8898 
7.9051 
7.9105 

431 
432 
433 
434 
435 

185761 
186624 
187489 
188356 
189226 

80062991 
80621668 
81182787 
81746504 
82812876 

20.7605 
20.7846 
20.8087 
20.8327 
20.8567 

7.5537 
7.5595 
7.5654 
7.6712 

7.6no 

496 
497 
498 
499 
500 

S46016 
847009 
248004 
249001 
260000 

122023036 
122763473 
123606992 
124261499 
125000000 

33.3711 
32.2886 
3X8168 
32.3383 
32.3607 

7.9158 
7.8211 
7.8364 
7.8317 
7.9870 

486 
437 
438 
439 
440 

190096 
190969 
191844 
192721 
193600 

82881856 

84027672 
84604519 
86184000 

20.8806 
20.9045 
20.9284 
20.9628 
20.9762 

7.5828 
7.5886 
7.5944 
7.6001 
7.6059 

601 
502 
603 
604 
506 

251001 
252004 
253009  . 
254016 
255025 

125751601 
126606008 
127263627 
128024064 
128787626 

22.3830 
22.4054 
22.42n 
22.4499 
82.4722 

7.9428 
7.9476 
7.9528 
7.9581 
7.9684 

441 
442 
443 
444 
446 

194481 
195364 
196249 
197186 
198026 

85766121 
86360888 
86938807 
87528384 
83121126 

21. 

21.0238 
21.0476 
21.0713 

7.6117 
7.6174 
7.6232 
7.6280 
7.634A 

606 
607 
608 
600 
610 

256036 
257049 
258064 
259061 
900100 

129554216 
130323843 
131096612 
131872229 
139651000 

32.48U 
22.5167 
22.5389 
32.6610 
32.6882 

7.9686 
7.9789 

Digitized  by  VjW^S 
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TAAUB  of  S«Liiares,  CnlMts,  Square  Itoots,  and  Cube  Roots, 
of  Jfninbers  Arom  1  to  1000— (Ck)NTiNUED.) 


Ko. 

Square. 

Cube. 

8q.  Rt. 

cut. 

No. 

Square. 

Onbe. 

Sq.Rt. 

aKt. 

511 

161121 
^144 

183432831 

22.6053 

7.9948 

676 

331776 

191102976 

24. 

8.3203 

US 

184217728 

22.6274 

8. 

677 

832929 

192100033 

24.0206 

8.8251 

513 

283169 

135005697 

2X6485 

8.0052 

678 

834084 

193100562 

24.0416 

8.3300 

bU 

364196 

135796744 

22.6716 

8.0104 

579 

835241 

194104539 

24.0624 

8.8348 

515 

285225 

186590675 

22.6936 

8.0156 

580 

886400 

195112000 

24.0832 

8.3396 

516 

266256 

187388096 

22.7156 

8.0208 

581 

837561 

196122941 

84.1089 

8.844S 

517 

267289 

188188413 

22.7376 

8.0260 

582 

838724 

197137368 

84.1247 

8.3491 

518 

M6324 

138991832 

22J596 

8.0311 

583 

339889 

198155287 

24.1454 

8.3539 

519 

269361 

130798359 

22.^816 

8.0363 

584 

841066 

199176704 

84.1661 

8.8587 

520 

270400 

140608000 

22.8035 

8.0415 

585 

342226 

200201625 

24.1868 

8.8634 

521 

S71441 

141420761 
142236648 

22.8254 

8.0i66 

586 

843396 

201230056 

24.2074 

8.8688 

523 

272484 

22.8473 

8.0517 

587 

344569 

202262003 

24.2281 

B.8780 

523 

973529 

148055667 

22.8692 

8.0569 

588 

345744 

203297472 

24.2487 

8.3777 

524 

274576 

143877824 

22.8910 

8.0620 

589 

346921 

204336460 

24.2693 

8.3825 

525 

275625 

144703125 

22.9129 

8.0671 

580 

848100 

205379000 

24.2899 

8.3878 

5» 

276676 

145531576 

22.9347 

8.0723 

691 

849281 

206425071 

24.8105 

8.3919 

527 

277729 

146363183 

22.9565 

^.0774 

592 

350464 

297474688 

24.3311 

8.896T 

528 

278784 

147197952 

22.9783 

8.0825 

593 

351649 

208527857 

24.3516 

8.4014 

52» 

279641 

148035889 

23. 

8.0876^ 

594 

352836 

209584584 

24.P721 

8.4061 

690 

260900 

148877000 

23.0217 

8.0927 

595 

854025 

210644875 

24.392H 

8.4108 

631 

1^21291 

28.0434 

8.0978 

596 

855216 

211708736 

24.4131 

8.4155 

5» 

283024 

150568768 

23.0651 

8.1028 

597 

856409 

212776173 

24.4336 

8.4202 

533 

284089 

151419437 

23.0868 

8.1079 

568 

857604 

213847192 

24.4540 

8.4249 

584 

285156 

152273304 

23.1084 

8.1130 

599 

858801 

214921799 

24.4745 

8.4296 

535 

286225 

153130375 

23.1301 

8.1180 

600 

360000 

216000000 

24.4949 

8.4343 

586 

287296 

153900656 

28.1517 

8.1281 

601 

361201 

217061801 

24.5153 

8.4380 

587 

288369 

154854153 
106720872 

23.1733 

8.1281 

602 

362404 

218167208 

24.5357 

8.4487 

538 

289444 

23.1948 

8.1332 

6(0 

863609 

219256227 

24.55bl 

8.4484 

639 

29(^1 

156590619 

23.2164 

8.1382 

604 

864816 

220348864 

24.5764 

8.4530 

540 

291600 

157464000 

23.2379 

8.1433 

605 

866025 

221445125 

24.5967 

8.4577 

541 

292681 

158340421 

23.2594 

8.1483 

606 

867236 

222545016 

24.6171 

8.4623 

542 

293764 

159220088 

23.2809 

8.1583 

607 

368449 

223648543 

24.6374 

8.4670 

548 

294849 

160103007 

23.3024 

8.1583 

608 

369664 

224755712 

24.6577 

8.4716 

544 

295936 

140969184 

23..S238 

8.1633 

609 

370881 

225866529 

24.6779 

8.4768 

546 

297025 

161878625 

23.3452 

8.1683 

610 

372100 

226981000 

24.6982 

8.4809 

546 

298116 

162771336 

23.3666 

8.1733 

611 

373821 

228099181 

24.7184 

8.4856 

547 

299209 

163667323 

23.3880 

8.1783 

612 

874544 

229220928 

24.7386 

8.4902 

548 

300804 

164568592 

23.4094 

8.1833 

613 

375769 

230346397 

24.7588 

8.4948 

549 

801401 

165460149 

23.4307 

8.1882 

614 

376996 

281475544 

24.7790 

8.4994 

550 

302600 

166375000 

28.4521 

8.1932 

615 

232608375 

24.7992 

8.5040 

651 

808601 

167284151 

23.4734 

8.1982 

616 

379456 

238744896 

24.8193 

8.5066 

562 

804704 

168196606 

23.4947 

8.2031 

617 

380689 

234885113 

24.8396 

8.5132 

553 

306809 

169112377 

23.5160 

8.2081 

618 

381924 

236029032 

24.8586 

8.5178 

554 

306916 

170031464 

23.5372 

8.2180 

619 

.383161 

237176659 

24.8797 

8.5224 

565 

308025 

170953875 

23.5584 

8.2180 

620 

384400 

238328000 

24.8998 

8.5270 

566 

306186 

171879616 

23.5797 

8.2229 

621 

385641 

239488061 

24.9199 

8.5316 

557 

310249 

172806683 

23.6008 

8.2278 

622 

386884 

240641848 

24.9399 

8.5362 

556 

SU364 

173741112 

23.6220 

8.2827 

623 

388129 

241804367 

24.9600 

8.5408 

560 

312481 

174676879 

23.6432 

8.2377 

624 

389376 

242970624 

24.9800 

8.5453 

560 

813600 

175616000 

23.6643 

8.2426 

625 

390625 

244140625 

25. 

8.5499 

661 

814721 

176658481 

23.6854 

8.2476 

626 

891876 

245314376 

25.0200 

8.5544 

662 

315844 

177504328 

23.7065 

8.2524 

627 

398129 

246491883 

25.0400 

8.5590 

668 

316969 

178453547 

23.7276 

8.2578 

628 

394884 

247673152 

25.0589 

8.5635 

664 

318096 

179406144 

23.7487 

8  2621 

629 

396641 

248858189 

25.0799 

8.5681 

665 

819225 

180362125 

23.7697 

8.2670 

630 

396900 

250047000 

25.0998 

8.5726 

666 

320356 

181321496 

28.7908 

8.2719 

631 

398161 

251238591 
2^2435968 

25.1197 

8.5772 

507 

321489 

18^284263 

23.8118 

8.2768 

632 

3994i4 

25.1396 

8.5817 

568 

322624 

183250432 

23.8328 

8.2816 

633 

400689 

258636137 

25.1595 

8.5862 

560 

323761 

184220009 

23.8537 

8.2886 

634 

401956 

254840104 

25.1794 

8.5907 

570 

321800 

185193000 

28.8747 

8.2913 

635 

408225 

256047875 

25.1992 

8.5952 

571 

328041 

186169411 

23.8956 

8.2962 

636 

404486 

257259456 

25.2190 

8.5997 

572 

827184 

18n49248 

23.9166 

8.3010 

637 

405769 

258474853 

25.2389 

8.6043 

578 

328829 

188182617 

23.9874 

8.3059 

638 

407044 

259604072 

25.2687 

8.6088 

574 

829476 

180119224 

83.9583 

8.3107 

639 

408:421 

260917119 

25.2784 

8.6182 

575 

880625 

190109375 

23.9792 

8.3155 

640 

409600 

262144000 

25.2982 

8.61T7 

Digitized  by  VjW^S 


46  SQUARES,  CUBES,  AND  ROOTS. 

TABI«i:  of  Stqaares,  Cubes,  Square  Boots,  and  Cube  Roots* 
of  JTumbers  from  1  to  1000— (CIontinukd.) 


No. 

Square. 

Cnbe. 

8q.  Bt. 

C.Rt. 

No. 

Square. 

Cube. 

Sq.  Rt. 

C.  Bt. 

641 

4ioasi 

263374721 

25.3180 

8.6222 

706 

498436 

351895816 

26.5707 

8.9043 

642 

412164 

264609288 

25.3377 

8.6267 

707 

499849 

363393243 

26.5895 

8.9085 

643 

413449 

265847707 

25.3574 

8.6312 

708 

501264 

354894912 

26.6083 

8.9127 

644 

414736 

267089984 

25.3772 

8.6357 

709 

502681 

856400829 

26.6271 

8.9169 

645 

416025 

268336126 

25.3969 

8.6401 

710 

604100 

857911000 

26.6458 

8.9211 

646 

417316 

289586136 

25.4166 

8.6446 

711 

505521 

859425431 

26.6646 

8.9253 

647 

418609 

270840023 

25.4362 

8.6490 

712 

606944 

860944128 

26.6838 

8.92S6 

648 

419904 

272097792 

25.4558 

8.6535 

713 

508369 

862467097 

26.7021 

8.9337 

649 

421201 

25.4756 

8.6579 

714 

509796 

863994344 

26.7208 

8,9878 

660 

422500 

974625000 

25.4961 

8.6624 

715 

61122S 

365526675 

26.7396 

8.9420 

651 

423801 

275894451 

26.5147 

8.6668 

716 

512656 

867061696 

26.7582 

8.9462 

652 

425104 

277167808 

25.5343 

8.6713 

717 

514089 

868601813 

26.7769 

8.9508 

653 

426409 

278445077 

25.5539 

8.6757 

718 

615524 

870146232 

26.7955 

8.9546 

654 

427716 

279726264 

25.5734 

8.6801 

719 

616961 

871694959 

26.8142 

8.9587 

655 

429025 

281011375 

25.5980 

8.6845 

720 

518400 

873248000 

26.8328 

8.9628 

656 

430336 

282300416 

25.6125 

8.6890 

721 

519641 

374805361 

26.8514 

8.9670 

657 

431649 

283593393 

25.6320 

8.6934 

722 

521284 

876367048 

26.8701 

8.9711 

668 

432964 

284890312 

25.6516 

8.6978 

723 

877938067 

26.8887 

8.9758 

659 

434281 

286191179 

25.6710 

8.7022 

724 

524176 

879508424 

26.9072 

8.9794 

660 

435600 

287496000 

25.6906 

8.7066 

725 

625625 

881078125 

26.9268 

8.9636 

661 

436921 

288804781 

25.7099 

8.7110 

726 

627076 

382657176 

26.9444 

8.9876 

662 

438244 

290117528 

25.7294 

8.7154 

727 

528529 

884240583 

26.9629 

8.9918 

663 

439569 

291434247 

25.7488 

8.7198 

728 

629964 

885828852 

26.9816 

8.9958 

664 

440896 

292754944 

25.7682 

8.7241 

729 

531441 

387420489 

27. 

9. 

665 

442225 

294079625 

25.7876 

8.7285 

730 

632900 

889017000 

27.0185 

9.0041 

666 

443556 

295408296 

25.8070 

8.7329 

731 

584361 

390617891 

27.0370 

9.0062 

667 

444889 

296740963 

25.8268 

8.7373 

732 

635824 

892238168 

27.0555 

9.012S 

668 

446224 

298077632 

25.8457 

8.7416 

733 

637289 

393832837 

27.0740 

9.0164 

669 

447261 

299418309 

25.8650 

8.7460 

734 

538756 

395446904 

27.0924 

9.0206 

670 

448900 

800763000 

25.8844 

8.7503 

785 

540225 

897065375 

27.1109 

9.0346 

671 

460241 

302111711 

25.9037 

8.7547 

736 

641696 

3986882.56 

27.1293 

9.0287 

672 

451584 

303464448 

25.9230 

8.7590 

737 

543169 

400315553 

27.1477 

9.0828 

673 

452929 

304821217 

25.9422 

8.7684 

738 

644644 

401947272 

27.1662 

9.0369 

674 

464276 

306182024 

26.9615 

8.7677 

739 

646121 

403583419 

27.1846 

9.0410 

6T8 

455625 

807646875 

25.9806 

8.7721 

740 

647600 

405224000 

27.2029 

9.0460 

676 

456976 

308915776 

26. 

8.7764 

741 

549081 

406869021 

27.2213 

9.0491 

677 

458329 

310288733 

26.0192 

8.7807 

742 

650564 

408618488 

27.2397 

9.0632 

678 

459684 

311665752 

26.a384 

8.7850 

743 

652049 

410172407 

27.2580 

9.0572 

679 

461041 

813046839 

26.0576 

8.7898 

744 

553536 

411830784 

27.2784 

9.0618 

680 

462400 

314432000 

26.0768 

8.7937 

745 

555025 

413493625 

27.2947 

9.0664 

681 

463761 

315821241 

26.0960 

8.7980 

746 

556516 

415160936 

27.3130 

9.0694 

682 

465124 

317214568 

26.1151 

8.8023 

747 

658009 

416832723 

27.3313 

9.0736 

683 

466489 

818611987 

26.1343 

8.8066 

748 

559504 

418506992 

27.3496 

9.0rTb 

684 

467866 

320018504 

26.1534 

8.8109 

749 

561001 

420189749 

27.3679 

9.0616 

685 

469226 

821419125 

26.1725 

8.8162 

760 

662500 

421875000 

27.3861 

9.0866 

686 

470696 

822828856 

26.1916 

8.8194 

751 

564001 

423564751 

27.4044 

9.0896 

687 

471969 

824242703 

26.2107 

8.8237 

752 

565504 

425269008 

27.4226 

9.0937 

688 

473344 

825600672 

26.2298 

8.8280 

753 

567009 

426857777 

27.4406 

9.0977 

689 

474721 

827082769 

26.2488 

8.8328 

764 

568516 

428661064 

27.4591 

9.1017 

690 

476100 

828509000 

26.2679 

8.8866 

755 

570026 

430368875 

27.4773 

9.1067 

691 

4n481 

829939371 

26.2869 

8.8408 

756 

571536 

432081216 

27.4955 

9.1098 

692 

478864 

881373888 

26.3069 

8.8461 

757 

573049 

433798093 

27.5186 

9.1138 

698 

480249 

332812557 

26.3249 

8.8498 

758 

574564 

435519512 

27.5318 

9.1178 

694 

4816S6 

334265884 

26.3489 

&8586 

759 

576061 

437245479 

27.6500 

9.1218 

«95 

483026 

£36702875 

26.3629 

&8578 

760 

577600 

438976000 

27.5661 

9.1266 

696 

484416 

337153536 

26.3818 

8.8621 

761 

579121 

440711081 

27.5862 

9.1298 

697 

485809 

838608873 

26.4006 

8.8683 

762 

580644 

442450728 

27.6043 

9.1838 

698 

487204 

340068892 

26,4197 

8.8706 

768 

582169 

444194947 

27.6225 

9.1378 

699 

488601 

341532099 

26.4386 

8.8748 

764 

688696 

445.«>43744 

27.6405 

9.1418 

700 

490000 

843000000 

26.4575 

8.8790 

765 

686225 

447697125 

27.6686 

9.1468 

701 

491401 

344472101 

26.4761 

8.8833 

766 

586756 

449455096 

27.6767 

9.1490 

702 

492804 

345948408 

26.4958 

8.8875 

767 

688289 

451217668 

27.6948 

9.1637 

703 

494209 

347428927 

26,6141 

8  8917 

768 

689824 

452984832 

27.7128 

9.1577 

704 

495616 

348913664 

26.6380 

8.8969 

769 

691361 

454756609 

27.7308 

9.1617 

705 

497025 

860402625 

26.5618 

8.9001 

770 

592900 

45653,3000 

27.7489 

9.1657 

Digitized  by  VjVJVJS 


SQUARES,  CUBES,  AND  ROOTS. 


47 


TABXE  off  S<|iiares,  (?n1»es«  Square  Roots,  mnd.  Cube  Roots, 
of  If  umbers  from  1  to  lOOO— <Oonsiiiuss.j 


No. 

Sqaare. 

Cube. 

Sq.Kt. 

C.  Bt. 

No. 

Square. 

Cube. 

8q.Bt. 

C.R^ 

ni 

S94441 

458314011 

27.7669 

9.1696 

836 

698896 
t00569 

584277066 

28.91.37 

9.4204 

772 

595964 

460099648 

27.7849 

9.1736 

837 

586376253 

28.9810 

9.4241 

773 

597529 

461889917 

27.8029 

o.ins 

8:« 

702244 

588480472 

28.9482 

9.4279 

774 

399076 

463684824 

27.8209 

9.1815 

839 

703921 

590589719 

28.9666 

9.4316 

ns 

600625 

466484373 

27.8888 

9.1855 

840 

705600 

692704000 

28.9628 

9.4364 

776 

602176 

467288576 

27.8568 

9.1894 

841 

707281 

694823321 

29. 

9.4391 

777 

603729 

469097433 

27.8747 

9.1933 

842 

708064 

29.0172 

9.4429 

n8 

605284 

470910952 

27.8927 

9.1973 

843 

710649 

599077107 

29.0645 

9.4466 

779 

006841 

472729139 

27.9106 

9.2012 

844 

712836 

601211584 

29.0517 

9.4503 

780 

608400 

474662000 

27.9285 

9.2052 

845 

714025 

603351125 

29.0689 

9.4641 

781 

609961. 

476879541 

27.9464 

9.2091 

846 

nsno 

605495736 

29.0861 

9.4578 

7i« 

611524 

478211768 

27.9643 

9.2130 

847 

717409 

607646428 

29.1083 

9.4615 

7«S 

613089 

480048687 

27.9821 

9.2170 

848 

719104 

609800192 

29.1204 

9.4662 

784 

614656 

481890304 

28. 

9.2209 

849 

720601 

611960049 

29.1376 

9.4690 

785 

616225 

483736625 

28.0179 

9.2248 

860 

722600 

614125000 

29.1548 

9.4727 

786 

617796 

485587656 

28.0357 

9.2287 

861 

724201 

616296051 

29.1719 

9.4764 

787 

619369 

487443403 

28.0535 

9.2326 

852 

725904 

618470208 

291890 

9.4801 

788 

620944 

489308872 

28.0713 

9.2365 

853 

727609 

620660477 

29.2062 

94838 

789 

622521 

491168069 

28.0891 

9.2404 

854 

729316 

622836864 

29.2238 

9.4875 

790 

624100 

493039000 

28.1060 

9.2443 

855 

731025 

625026375 

29.2404 

9.4912 

7W 

625681 

494918671 

28.1247 

9.2482 

856 

782786 

627222016 

29.2575 

9.4949 

702 

627264 

496799088 

28.1426 

9.2521 

857 

734449 

629422793 

29.2746 

9.4986 

793 

628849 

498677257 

28.1608 

9.2560 

858 

736164 

631628712 

29.2916 

9.5023 

794 

630436 

500566184 

28.1780 

9.2599 

859 

737881 

633839779 

29.3687 

9.5060 

796 

632035 

502459875 

28.1957 

9.2638 

860 

739600 

636066000 

29.3268 

9.5097 

796 

633616 

604358336 

28.2185 

9.2677 

861 

741321 

638277881 

29.3428 

9.51S4 

797 

635209 

306261573 

28.2312 

9.2716 

862 

743044 

640508928 

29.3508 

9.5171 

798 

636804 

308169592 

28.2489 

9.2754 

863 

744769 

642785647 

29.3769 

9.5207 

T9B 

638101 

510082399 

28.2666 

9.2793 

864 

746496 

644972544 

29.3939 

9.5214 

800 

512000000 

28.2843- 

9.2832 

865 

748225 

647214625 

29.4100 

9.5281 

801 

641601 

513922401 

28..3019 

9.2870 

866 

749956 

649461896 

29.4279 

9.5817 

802 

613204 

515849608 

28.3196 

9.2909 

867 

751689 

651714.363 

29.4449 

9.5364 

803 

641809 

517781627 

28.3373 

9.2948 

868 

753424 

653972032 

29.4618 

9.5391 

804 

646(16 

519718464 

28.3549 

9.2986 

869 

755161 

656234909 

29.4788 

9.5427 

806 

648025 

521660125 

28.3726 

9.3025 

870 

756900 

658303000 

29.4958 

9.5464 

806 

640636 

523606616 

28.3901 

9.306S 

871 

758641 

660776311 

29.5127 

9.5601 

807 

651249 

523657943 

28.4077 

9.3102 

872 

760384 

663064848 

29.5296 

9.5537 

806 

632864 

527514112 

28.4258 

9.3140 

873 

762129 

665338617 

29.5466 

9.5574 

809 

634481 

529475129 

28.4429 

9.3179 

874 

763876 

6676277624 

29.5635 

9.5610 

810 

656100 

531441000 

28.4605 

9.3217 

875 

765626. 

668921875 

29.5804 

9.5647 

811 

657721 

533411731 

28.4781 

9.3255 

876 

767376 

672221876 

29.5973 

9.566S 

812 

658344 

5;«387828 

28.4956 

9.3294 

877 

769129 

674526133 

29.6142 

9.5719 

813 

660969 

537367797 

28.5132 

9.3332 

878 

770884 

676836152 

29.6311 

9.5756 

814 

662596 

539363144 

28.5307 

9.3370 

879 

772641 

6791614.39 

29.6479 

9.5792 

813 

664225 

541343375 

28.5482 

9.3408 

880 

774400 

681472000 

29.6648 

9.5828 

816 

685856 

543338496 

28.5657 

9.3447 

881 

776161 

683797841 

29.6816 

9.5865 

817 

667489 

543338518 

28.58.32 

9.3485 

882 

777924 

686128068 

29.6985 

9.5901 

818 

668124 

347343432 

28.6007 

9.3523 

883 

779689 

29.7153 

9.5937 

819 

670761 

549353259 

28.6182 

9.3561 

884 

781456 

690807104 

29.7321 

9.5973 

820 

672400 

551368000 

9.3599 

885 

783225 

693154125 

29.7489 

9.6010 

821 

67<041 

653387661 

28.6531 

9.8637 

886 

784996 

695606466 

29.7658 

9.6046 

822 

675684 

355412248 

28.6705 

9.3675 

887 

786769 

697864103 

SZ2S 

.  9.6082 

823 

677329 

5574*1767 

28.6880 

9..T713 

888 

788544 

70022T072 

29.7993 

9.6118 

824 

678976 

559476224 

28.7054 

9.3751 

889 

790321 

702506.369 

39.8161 

9.6154 

823 

680625  , 

561515625 

28.7228 

9.3789 

800 

792100 

704969000 

29.8329 

9.6190 

826 

682276 

563559976 

28.7402 

9.3827 

891 

703881 

707847971 

29.8496 

9.6226 

827 

683929 

565609283 

28.7576 

9.386* 

892 

79.')664 

709732288 

29.8664 

9.6262 

828 

685584 

56706:1552 

28.7750 

9.3902 

893 

797449 

712121957 

29.8831 

9.6298 

820 

687241 

569722789 

28.7924 

9.3940 

894 

7992.36 

714516984 

29.8998 

9.6334 

830 

688900 

571787000 

28.8097 

9.3978 

895 

801025 

716917375 

29.9166 

9.6370 

831 

690561 

573856191 

28.8271 

9.4016 

896 

802816 

719323136 

29.9333 

9.6406 

832 

692224 

575930388 

28.8444 

9.4053 

897 

804R09 

7217.34273 

29.9500 

9.6442 

833 

693889 

5780095:{7 

28.8617 

9.4091 

898 

806404 

724150792 

29.9666 

9.6477 

834 

605566 

580093704 

28.8791 

9.4129 

899 

8'>820l 

726572699 

29.9833 

9.6513 

833 

687225 

682182875 

28.8964 

9.4166 

900 

810000 

729000000 

80. 

9.6549 
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TABIii:  of  S«iiares,  Cubes,  Square  Roots,  and  C«be  Roots, 
of  Iirs-^         "  '  ^     " 


SQUARES,  CUBES,  AND  ROOTS. 

■ares.  Cubes,  Square  Roots,  am 
of  llfainbers  from  1  to  lOOO — (Conthtubd.) 


No. 

Square. 

Cube. 

Sq.Rt. 

cut. 

Ko. 

Square. 

Cube. 

8q.  St. 

CBt. 

901 

811801 

731433701 

30.0167 

9.6585 

951 

904401 

860065351 

30.8388 

9.8339 

901 

813604 

733870808 

30.0333 

9.6630 

952 

906304 

862&01408 

30.8646 

9.8374 

903 

815409 

736314387 

30.0500 

9.6656 

958 

908309 

865523177 

80.8707 

9.8408 

904 

817316 

738763364 

30.0666 

9.6692 

954 

910116 

868350664 

30.8869 

9.8443 

905 

819035 

741317635 

80.0882 

9.6727 

955 

913035 

870963875 

80.9031 

9.84TT 

906 

830836 

743677416 

80.0998 

9.6763 

956 

913936 

873722816 

80.9192 

9.8511 

907 

833649 

746143643 

30.1164 

9.6799 

957 

915849 

876467493 

30.9864 

9.8646 

906 

824464 

748613312 

30.1330 

9.6834 

958 

917764 

879317913 

80J)616 

9.8660 

909 

836381 

751069429 

80.1496 

9.6870 

959 

919681 

881974079 

30.9677 

9.6614 

910 

838100 

753571000 

80.1662 

9.6905 

960 

1>21600 

884786000 

80.9639 

9.8648 

911 

829931 

756058031 

30.1828 

9.6941 

961 

923531 

887503681 

81. 

9.868S 

912 

831744 

758550538 

80.1993 

9.6876 

963 

925444 

890377138 

31.«161 

9.8717 

913 

833569 

761048497 

80.2159 

9.7012 

963 

937369 

898056347 

81.0322 

9.8761 

914 

835396 

763551944 

30.2324 

9.7047 

964 

939296 

895841844 

81.0483 

9.8786 

915 

837335 

766060875 

80.2490 

9.7083 

965 

931225 

698683135 

31.0644 

9.8819 

916 

839036 

768575296 

30,2655 

9.7118 

966 

933156 

901438696 

81.0805 

9.8854 

•  917 

840669 

771095313 

30.2820 

9.7153 

967 

935089 

904331063 

81.0966 

9.8888 

918 

842734 

773620632 

30.2983 

9.7188 

968 

937024 

907039383 

81.1127 

9.8921 

919 

844561 

776151559 

80.3150 

9.7224 

969 

938961 

909853309 

31.1288 

9.8956 

930 

846400 

778688000 

80.3315 

9.7259 

970 

940900 

913678000 

81.1446 

9.8890 

921 

848341 

781329961 

30.3480 

9.7294 

971 

942841 

915498611 

81.1609 

9.90Si 

932 

850064 

783777448 

30.3645 

9.7329 

^73 

944784 

918330048 

81.1769 

9.9068 

923 

851939 

786330467 

30.3809 

9.7364 

I73 

946739 

93116731T 

81.1929 

9.9092 

924 

853776 

788889024 

80.3974 

9.7400 

974 

948676 

924010424 

81.3090 

9.0126 

925 

855635 

791453125 

80.4138 

9.7435 

976 

95002S 

926859375 

81.3350 

9.9160 

936 

857476 

79402tm 

80.4303 

9.7470 

976 

953576 

939714176 

81.3410 

9.910i 

937 

859339 

796597983 

80.4467 

9.7505 

977 

954539 

933574833 

81.3570 

9.9827 

928 

861184 

799178753 

80.4631 

9.7540 

978 

956484 

935441353 

81.3780 

9.9261 

929 

863041 

801765089 

30.4795 

9.7575 

979 

958441 

938313739 

81.3890 

9.9385 

930 

864900 

804357000 

80.4959 

9.7610 

960 

960400 

941193000 

81.8060 

9.932» 

981 

866761 

806954491 

80.5133 

9.7645 

961 

963361 

944076141 

81.3309 

9.936S 

933 

868634 

809557568 

80.5387 

9.7680 

983 

964334 

946966168 

81.3369 

9.9396 

933 

870489 

812166237 

30.5450 

9.7715 

963 

966389 

949863087 

81.3538 

9.9430 

934 

873356 

814780504 

80.5614 

9.7750 

984 

968256 

953763904 

81.3688 

9.9464 

965 

874225 

817400375 

80.5778 

9.7785 

985 

970225 

955671635 

81.8847 

9.9487 

936 

876096 

830035856 

80.5941 

9.7819 

966 

972196 

958586356 

81.4006 

9.9531 

93T 

877969 

822656953 

30.6105 

9.7854 

967 

974169 

961504803 

81.4166 

9.9566 

938 

879844 

825393672 

80.6368 

9.7889 

988 

d76144 

964430373 

81.4.336 

9.9598 

939 

881721 

827936019 

80.6431 

9.7924 

989 

978121 

967361660 

81.4484 

9.9683 

9ia 

883600 

830584000 

30.6594 

9.7959 

990 

980100 

970399000 

81.4643 

9.9666 

941 

885481 

833337631 

80.6757 

9.7998 

991 

982081 

973343271 

81.4803 

9.9698 

943 

887364 

835896888 

80.6930 

9.8028 

993 

984064 

976191488 

81.4960 

9.9733 

943 

889249 

838561807 

80.7083 

9.8063 

993 

986049 

979146657 

81.5119 

9.9766 

944 

891186 

841233384 

80.7246 

9.8097 

994 

988036 

982107784 

81.5378 

9.9800 

945 

893025 

843908635 

80.7409 

9.8133 

995 

990035 

985074876 

81.5436 

9.9833 

946 

894916 

846590636 

80.75T1 

9.8167 

996 

992016 

988047936 

81.5596 

9.9806 

947 

896809 

849378133 

80.7784 

9.8301 

997 

994089 

991026973 

81.5753 

9.9900 

948 

898704 

851971393 

80.7896 

9.8286 

998 

996004 

994011993 

81.5911 

9.9833 

949 

900601 

854670349 

80.8058 

9.8270 

990 

998001 

997002999 

81.6070 

9.9967 

960 

903500 

857375000 

80.8221 

9.8305 

1000 

1000000 

81.6238 

10. 

To  And  the  square  or  cube  of  any  whole  number  ending 
with  ciphers.  First,  omit  all  the  final  ciphers.  Take  from  the  table  the 
Rqiiare  or  cube  (as  the  esse  may  be)  of  the  rest  of  the  naniber.  To  this  »quare  add  twic*  an  many 
ciphers  as  there  were  fioal  ciphers  in  the  original  Dumber.  To  the  et«6e  add  three  tikes  as  many  «■ 
iu  the  oHginal  number.  Thus,  for  OOoOOS;  906*  =  819036.  Add  twice  2  ciphers,  obtaining  8190350000. 
For  »0d003,  9063  =  741317625.    Add  8  times  3  ciphers,  obtaii^ug  741217625000000. 

For  tables  of  fifth  roots,  fifth  powers,  and  square  roots  of  filth 

powers,  see  pp  251  to  253. 
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Sqoare  Roots  and  Cabe  Boots  of  Nnmbeni  flrom  1000  to  lOOOO. 


Num. 

Sq.  Rt 

Cu.  Rt. 

Num. 

Sq.Rt. 

Cu.  Rt. 

Num. 

Sq.Rt. 

Cu.  Rt. 

Num. 

Sq.Rt. 

Cu.RL 

1005 

31.70 

10.02 

1405 

87.48 

11.20 

1805 

42.49 

12.18 

2205 

46.96 

18.03 

1010 

81.78 

10.03 

1410 

87.56 

11.21 

1810 

42.54 

12.19 

2210 

47.01 

13.03 

1013 

81.86 

10.03 

1415 

87.62 

11.23 

1815 

42.60 

12.20 

2216 

47.06 

13.04 

10t» 

81.94 

10.07 

1420 

37.68 

11.24 

1820 

42.06 

12.21 

2220 

47.12 

13.05 

1025 

82.02 

10.08 

1425 

87.75 

11.25 

1825 

42.72 

12.22 

2226 

47.17 

13.06 

1030 

82.09 

10.10 

1430 

87.82 

11.27 

1830 

42.78 

12.23 

2230 

47.22 

13.06 

1035 

82.17 

10.12 

1435 

37.b8 

H.i« 

1835 

42.84 

12.24 

2236 

47.28 

13.07 

1040 

82.25 

10.13 

1440 

37.95 

11. 2y 

1840 

42.90 

12.28 

2240 

47.83 

13.08 

1045 

82.33 

10.15 

1445 

38.01 

ii.ai 

1846 

42.95 

12.26 

2245 

47.38 

18.00 

1060 

82.40 

10.16 

1450 

88.08 

11.32 

1850 

43.01 

12.28 

2260 

47.43 

13.10 

1065 

82.48 

10.18 

1456 

88.14 

11.33 

1855 

43.07 

12.29 

3266 

47.49 

18.11 

1060 

82.56 

10.20 

1460 

88.21 

11.34 

1860 

43.13 

12.80 

2260 

47.54 

13.13 

1065 

82.63 

10.21 

1465 

88.28 

11.36 

1865 

43.19 

12.31 

8366 

47.59 

18.13 

1070 

82.71 

10.23 

1470 

88.34 

11.37 

1870 

43.24 

12.82 

2270 

47.64 

13.14 

1075 

82.79 

10.24 

1475 

88.41 

11.38 

1876 

43.30 

12.83 

3276 

47.70 

13.16 

1080 

82.86 

10.26 

1480 

88.47 

11.40 

1880 

43.36 

12.84 

3380 

47.75 

13.16 

1085 

82.94 

10.28 

1486 

88.54 

11.41 

1885 

43.42 

12.35 

3286 

47.80 

18.1T 

1090 

83.02 

10.29 

1490 

88.60 

11.42 

1890 

43.47 

12.86 

3390 

47.86 

18.18 

1095 

83.00 

10.31 

1496 

88.G7 

11.43 

1895 

43.53 

12.37 

3295 

47.91 

18.19 

1100 

83.17 

10.32 

1500 

38.73 

11.43 

1900 

43.69 

12.39 

380O 

47.96 

18.20 

1105 

33.24 

10.34 

1505 

88.79 

11.46 

1905 

43.65 

12.40 

3306 

48.01 

18.21 

1110 

33.82 

10.35 

1510 

88.86 

11.47 

1910 

43.70 

12.41 

3810 

48.06 

13.23 

1115 

83.89 

10.87 

1515 

88.92 

11.49 

1915 

43.76 

12.42 

2316 

48.11 

13.28 

1120 

83.47 

10.38 

1520 

88.99 

11.50 

1920 

43.82 

12.43 

2320 

48.17 

13.24 

1125 

83.64 

10.40 

1525 

89.05 

11.51 

1925 

43.87 

12.44 

2325 

48.22 

18.25 

1130 

83.62 

10.42 

1530 

89.12 

11.32 

1930 

43.93 

12.45 

2330 

48.27 

18.26 

1135 

83.69 

10.43 

1535 

89.18 

11.54 

1935 

48.99 

12.46 

2836 

48.32 

13.27 

1140 

83.76 

10.45 

1540 

89.24 

11.56 

1940 

44.05 

12.47 

2840 

4837 

13.28 

1145 

83.84 

10.46 

1545 

89.31 

11.56 

1945 

44.10 

12.48 

3846 

48.48 

18.29 

1150 

33.91 

10.48 

1550 

89.87 

11.57 

1950 

44.16 

J2.49 

2350 

48.48 

13.30 

1155 

88.90 

10.49 

1555 

89.43 

11.C9 

1955 

44.22 

12.50 

2356 

48.53 

18.80 

1160 

84.06 

10.51 

1560 

89.60 

11.60 

1960 

44.27 

12.61 

2360 

48.58 

13.81 

1165 

84.13 

10.52 

1565 

89.56 

11.61 

1965 

44.33 

12.53 

2366 

48.63 

18.33 

1170 

84.21 

10.54 

1570 

89.62 

11.62 

1970 

44.38 

12.64 

2870 

48.68 

18.33 

1175 

84.28 

10.55 

1575 

89.69 

11.63 

1976 

44.44 

12.55 

3376 

48.78 

13.84 

1180 

84.85 

10.67 

1580 

89.75 

11.65 

1980 

44.50 

12.56 

2380 

48.79 

18.86 

1185 

84.42 

10.68 

1585 

89.81 

11.66 

1985 

44.55 

12.57 

3385 

48.84 

18.36 

1190 

84.50 

10.60 

1590 

89.87 

11.67 

1990 

44.61 

12.58 

2390 

48.89 

18.37 

1195 

84.57 

10.61 

1595 

89.94 

11.68 

1996 

44.67 

12.59 

2395 

48.94 

18.38 

1200 

84.64 

10.63 

1600 

40.00 

11.70 

2000 

44.72 

12.60 

2400 

48.99 

13.39 

1205 

84.71 

10.64 

1605 

40.06 

11.71 

2005 

44.78 

12.61 

2405 

49.04 

13.40 

1210 

84.79 

10.66 

1610 

40.12 

11.72 

2010 

44.83 

12.62 

2410 

49.09 

13.41 

1215 

84.86 

10.67 

1615 

40.19 

11.73 

2015 

44.89 

12.63 

2416 

49.14 

13.43 

1220 

84.93 

10.69 

1620 

40.25 

11.74 

2020 

44.94 

12.64 

2420 

49.19 

18.43 

1225 

85.00 

10.70 

1625 

40.31 

11.76 

2025 

43.00 

12.65 

2425 

49.24 

18.43 

1230 

85.07 

10.71 

1630 

40.37 

11.77 

2030 

45.06 

12.66 

2430 

49.30 

18.44 

1235 

85.14 

10.73 

1635 

40.44 

11.78 

2035 

45.11 

12.67 

2435 

49.35 

18.45 

1240 

85.21 

10.74 

1640 

40.50 

11.79 

2040 

43.17 

12.68 

2440 

49.40 

18.46 

1245 

85.28 

10.76 

1645 

40.56 

11.80 

2045 

43.22 

12.69 

2445 

49.45 

18.47 

1250 

10.77 

1650 

40.62 

11.82 

2050 

45.28 

12.70 

3460 

49.50 

18.48 

1255 

85.43 

10.79 

1655 

40.68 

11.83 

2035 

45.83 

12.71 

2460 

49.60 

18.50 

1260 

85.50 

10.80 

1660 

40.74 

11.84 

2060 

45..S9 

12.72 

3470 

49.70 

18.53 

1265 

85.57 

10.82 

1665 

40.80 

11.85 

2066 

45.44 

12.73 

3480 

49.80 

18.54 

1270 

85.64 

10.83 

1670 

40.87 

11.86 

2070 

45.50 

12.74 

2490 

49.90 

13.56 

1275 

85.71 

10.84 

1675 

40.93 

11.88 

2076 

45.55 

12.75 

2500 

50.00 

18.57 

1280 

85.78 

10.86 

1680 

40.99 

11.89 

2080 

45  61 

12.77 

2510 

60.10 

13.50 

1285 

35.85 

10.87 

1685 

41.05 

11.90 

2086 

45.66 

12.78 

2520 

60.20 

13.61 

1290 

35.92 

10.89 

1690 

41.11 

11.91 

2090 

45.72 

12.79 

2530 

60.30 

13.63 

1295 

85.99 

10.90 

1695 

41.17 

11.92 

2095 

45.77 

12.80 

2340 

60.40 

13.64 

1300 

86.06 

10.91 

1700 

41.23 

11.93 

2100 

45.83 

12.81 

2550 

60.50 

13.66 

1305 

86.12 

10.93 

1705 

41.29 

11.95 

2105 

45.88 

12.82 

2560 

50.60 

13  68 

1310 

86.19 

10.94 

1710 

41.35 

11.96 

2110 

45.93 

12.83 

2570 

60.70 

13.70 

1315 

M.26 

10.96 

1715 

41.41 

11.97 

2115 

45.99 

12.84 

2580 

50.79 

13.72 

1820 

86.83 

10.97 

1720 

41.47 

11.98 

2120 

46.04 

12.85 

2390 

50.89 

13.73 

1325 

86.40 

10.96 

1725 

41.53 

11.99 

2125 

46.10 

12.86 

2600 

60.99 

13.75 

1330 

86.47 

11.00 

1730 

41.59 

12.00 

2130 

46.15 

12.87 

2610 

61.00 

13.71 

1335 

86.54 

11.01 

1735 

41.65 

12.02 

2135 

46.21 

12.88 

2620 

51.19 

13.70 

1340 

86.61 

11.02 

1740 

41.71 

12.03 

2140 

46.28 

12.89 

2630 

51. W 

13.80 

1345 

86.67 

11.04 

1746 

41.77 

12.04 

2145 

46.31 

12.90 

2640 

51 .3H 

13.82 

1350 

86.74 

11.05 

1750 

41.83 

12.05 

2150 

46.37 

12.91 

2650 

61.48 

13.84 

1355 

86.81 

11.07 

1755 

41.80 

12.06 

2155 

46.42 

12.92 

2660 

51.58 

13.86 

iseo 

86.88 

11.08 

1760 

41.95 

12.07 

2160 

46.48 

12.93 

2670 

51.67 

13.87 

136S 

86.95 

11.09 

1765 

42.01 

12.09 

2165 

46.53 

12.94 

2680 

61.77 

13.89 

1370 

87.01 

11.11 

1770 

42.07 

12.10 

2170 

46.58 

12.95 

2690 

51.87 

13.91 

1375 

87.08 

11.12 

1775 

42.13 

12.11 

2175 

46.64 

12.96 

2700 

61.96 

13.92 

1380 

87.15 

11.13 

1780 

42.19 

12.12 

2180 

46.69 

12.97 

2710 

62.06 

13.94 

1386 

87.22 

11.15 

1785 

42.25 

12.13 

2185 

46.74 

12.98 

2720 

5-2.15 

13.96 

1390 

87.38 

11.16 

1790 

42.81 

12.14 

2190 

46.80 

12.99 

2730 

52.25 

13.98 

1806 

87.85 

11.17 

1795 

42..H7 

12.15 

2196 

46.85 

13.00 

2740 

52.35 

13.99 

1400 

87.42 

11.19 

1800 

42.43 

12.16 

2200 

46.90 

13.01 

2750 

63.44 

14.01 
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Square  Boots  and  Cube  Boots  of  ]!f  umbers  from  1000  to  lOOOO 

— (Ck)>TINUED.) 


Nam. 

S«|.Rt. 

On.  Rt. 

Num. 

8q.  Et. 

Cn.Rt. 

Norn. 

Sq.  Ht. 

Cn.Rt. 

Num. 

8q.  Rt. 

Cn.Rt. 

2760 

52.54 

14.03 

3550 

59.58 

15.25 

4340 

65.88 

16.81 

5130~ 

11.62 

17.25 

2770 

52.63 

14.04 

3560 

59.67 

15.27 

4350 

C5.96 

16.82 

5140 

71.69 

17.26 

2780 

62.73 

14.06 

3570 

69.75 

15.28 

4360 

66.03 

16.34 

5150 

11.76 

17.27 

2190 

52.82 

14.08 

8580 

69.83 

15.30 

4370 

66.11 

16.35 

5160 

11.83 

17.28 

380O 

52.92 

14.09 

3590 

69.92 

15.31 

4380 

66.18 

16.36 

5170 

11.90 

17.29 

2810 

53.01 

14.11 

3600 

•0.00 

15.33 

4390 

66.26 

16.37 

6180 

11.97 

17.80 

2820 

53.10 

14.13 

3610 

60.08 

15.34 

4400 

66.33 

16.39 

6190 

72.04 

17.31 

2830 

53.20 

14.14 

3620 

•0.17 

15.35 

4410 

66.41 

16.40 

5200 

12.11 

17.82 

28tO 

53.29 

14.16 

3630 

•0.26 

15.37 

4420 

66.48 

16.41 

6210 

12.18 

17.34 

2860 

53.39 

14.18 

3640 

•0.33 

15.38 

4430 

66.56 

16.42 

6220 

12.26 

17.35 

2860 

53.48 

14.19 

8650 

60.42 

15.40 

4440 

66.63 

16.44 

5230 

12.82 

17.86 

2870 

53.57 

14.21 

3660 

60.50 

15.41 

4450 

66.71 

16.45 

5240 

12.89 

17.87 

2880 

53.67 

14.23 

8670 

60.58 

15.42 

4460 

66.78 

16.46 

6250 

12.46 

17.88 

2880 

53.76 

14.24 

3680 

60.66 

15.44 

4470 

66.86 

1647 

6260 

12.68 

17.89 

2900 

53.86 

14.26 

3690 

60.76 

16.45 

4480 

•6.93 

16.49 

5270 

12.69 

17.40 

2910 

53.94 

14.28 

8700 

C0.83 

15.47 

4490 

67.01 

1650 

6280 

12.66 

17.41 

2920 

54.04 

14.29 

8710 

60.91 

15.48 

4500 

67.08 

16.51 

6290 

12.73 

17.42 

2980 

54.13 

14.31 

8720 

60.99 

15.49 

4510 

67.16 

16.52 

5300 

12.80 

17.44 

2910 

54.22 

14.33 

8730 

61.07 

15.51 

4620 

67.28 

16.&3 

5310 

12.87 

17.46 

2950 

54.31 

14.34 

3740 

61.16 

15.52 

4530 

67.81 

16.55 

6820 

72.04 

17.46 

2960 

54.41 

14.36 

3750 

61.24 

15.54 

4540 

67.88 

16.56 

6830 

13.01 

17.47 

2970 

54.50 

14,37 

3760 

61.32 

15.55 

4550 

67.45 

16.67 

6840 

13.06 

17.48 

2980 

54.59 

14.39 

3770 

61.40 

15.56 

4560 

67.58 

16.58 

5350 

18.14 

17.4t 

2990 

54.68 

14.41 

8780 

61.48 

15.58 

4570 

67.60 

16.59 

5860 

18.21 

17.60 

3000 

54.77 

14.42 

8790 

61.56 

15.59 

4580 

67.68 

16.61 

6870 

13.28 

17.61 

9010 

54.86 

14.44 

3800 

6164 

15.60 

4590 

67.75 

16.62 

5880 

18.86 

17.62 

3020 

54.95 

14.46 

3810 

61.73 

15.62 

4600 

67.82 

16.63 

5390 

13.48 

17.63 

3080 

55.05 

14.47 

3820 

61.81 

15.63 

4610 

67.90 

16.64 

6400 

18.48 

17.64 

3010 

55.14 

14.49 

8830 

61.89 

15.65 

4620 

67.97 

16.66 

6410 

18.66 

17.65 

3050 

55.23 

14.50 

3840 

61.97 

15.66 

4630 

68.04 

16.67 

6420 

18.62 

17.67 

3060 

56.32 

14.62 

3850 

62.05 

15.67 

4640 

68.12 

16.68 

6430 

13.60 

17.58 

3070 

55.41 

14.53 

8860 

62.13 

15.69 

4650 

68.19 

16.69 

6440 

13.76 

17.59 

3080 

55.50 

14.66 

8870 

62.21 

15.70 

4660 

68.26 

16.70 

6450 

18.82 

17.60 

3090 

55.59 

14.67 

8880 

62.29 

15.71 

4670 

68.34 

1671 

6460 

18.89 

17.61 

3100 

55.68 

14.68 

8890 

62.87 

16.73 

4680 

68.41 

16.78 

6470 

18.06 

17.62 

3110 

55.77 

14.60 

8900 

62.45 

15.74 

4690 

68.48 

16.74 

5480 

14.03 

17.63 

3120 

55.86 

14.61 

8910 

62.53 

15.75 

4700 

6856 

16.75 

5490 

14.09 

17.64 

3130 

56.96 

14.63 

3920 

62.61 

15.77 

4710 

68.63 

16.76 

5500 

14.16 

17.65 

3140 

56.01 

14.64 

8930 

62.63 

15.78 

4720 

68.70 

16.77 

6610 

14.23 

17.66 

3150 

56.12 

14.66 

3940 

62.77 

15.79 

4730 

68.77 

16.79 

5520 

14.30 

17.67 

3163 

56.21 

14.67 

8950 

62.K5 

15.81 

4740 

68.85 

16.80 

6530 

14.36 

17.68 

3170 

56.30 

14.69 

3960 

62.93 

15.82 

4750 

68.92 

16.81 

6540 

14.43 

17.69 

3180 

56.39 

14.71 

8970 

63.01 

15.83 

4760 

68.99 

16.82 

6550 

14.60 

17.71 

3190 

56.48 

14.72 

3980 

•3.09 

15.85 

4770 

69.07 

16.83 

5560 

14.67 

17.72 

320O 

56.57 

14.74 

8990 

63.17 

15.86 

4780 

69.14 

1685 

5570 

74.68 

17.78 

3210 

56.66 

14.76 

4000 

63.25 

15.87 

4790 

69  21 

16.86 

8580 

74.70 

17.74 

3220 

56.76 

14.77 

4010 

63.32 

15.89 

4800 

69.28 

16.87 

5590 

i4.n 

17.76 

3230 

56.83 

14.18 

4020 

63.40 

15.90 

4810 

•9.86 

16.88 

6600 

14.88 

17.76 

3240 

56.92 

14.80 

4030 

63.48 

15.91 

4820 

•9.43 

16  89 

5610 

14.90 

17.77 

3250 

57.01 

14.81 

4040 

63.56 

15.93 

4830 

69.50 

16.90 

6620 

14.97 

17.78 

3260 

67.10 

14.83 

4050 

63.64 

15.94 

4840 

69.57 

16.92 

6630 

16.03 

17.70 

3270 

57.18 

14.M 

4060 

63.72 

15.95 

4850 

•0.64 

16.98 

6640 

16.10 

17.80 

3280 

67.27 

14.86 

4070 

63.80 

15.97 

4860 

69.71 

16.94 

6660 

16.11 

17.81 

3290 

57J6 

14.87 

4080 

63.87 

15.98 

4870 

69.79 

16.95 

6660 

16.23 

17.82 

3300 

67.46 

14.88 

4090 

61.95 

15.99 

4880 

69.86 

16.96 

6670 

15.80 

17.88 

3310 

67.53 

14.90 

4100 

64.03 

16.01 

4890 

69.93 

16.97 

6680 

15.37 

17.84 

3320 

57.62 

14.92 

4110 

64.11 

16.02 

4900 

70.00 

16.98 

6690 

15.4$ 

17.86 

s;j.i0 

57.71 

14.93 

4120 

64.19 

16.03 

4910 

70.07 

17.00 

670O 

15.50 

17.86 

3340 

67.79 

14.95 

4130 

64.27 

16.04 

4920 

70.14 

17.01 

6710 

15.56 

17.87 

3350 

67.88 

14.96 

4140 

64.34 

16.06 

4930 

10.21 

17.02 

6720 

16.63 

17.88 

3360 

57.97 

14.98 

4150 

64.42 

16.07 

4940 

10.29 

17.08 

5780 

16.70 

17.89 

3370 

58.05 

14.99 

4160 

64.50 

16.08 

4950 

70.36 

17.04 

5740 

15.76 

17.90 

3380 

58.14 

15.01 

4170 

64.58 

16.10 

4960 

70.43 

17.05 

6760 

16.83 

17.92 

3390 

68.22 

15.02 

4180 

64.65 

16.11 

4970 

70.50 

17.07 

6760 

15.60 

17.98 

3100 

68.81 

15.04 

4190 

64.73 

1612 

4980 

70.57 

17.06 

6770 

15.96 

17.94 

3410 

58.40 

15.05 

4200 

64.81 

16.13 

4990 

70.64 

17.09 

6780 

76.03 

17.96 

3420 

58.48 

15.07 

4210 

64.88 

16.15 

5000 

70.71 

17.10 

6790 

76.00 

17.96 

3430 

58.57 

15.08 

4220 

64.96 

16.16 

5010 

70.78 

17.11 

6800 

76.16 

17.97 

3440 

68.66 

15.10 

4230 

65.04 

16.17 

5020 

70.85 

17.12 

5810 

16.22 

17.98 

3450 

68.74 

16.11 

4240 

63.12 

16.19 

5030 

70.92 

17.13 

5820 

16.39 

17.99 

3460 

68.82 

15.12 

4250 

65.19 

16.20 

5040 

70.99 

17.15 

6830 

16.86 

18.00 

3470 

58.91 

15.14 

4260 

65.27 

16.21 

5050 

71.06 

17.16 

6840 

16.42 

18.01 

3480 

68.99 

15.15 

4270 

65JJ5 

16.22 

5060 

11.18 

17.17 

6850 

16.40 

18.02 

3490 

69.08 

15.17 

4280 

65.42 

16.24 

5070 

71.20 

17.18 

5860 

16.65 

18.08 

3500 

59.16 

15.18 

4290 

65.50 

16.25 

5080 

71.27 

17.19 

6870 

16.62 

18.04 

3510 

69.25 

15.20 

4300 

65  57 

16.26 

5090 

71.34 

17.20 

5880 

76.68 

18.06 

3520 

69.33 

15.21 

4.310 

65.65 

16.27 

5100 

71.41 

17.21 

6890 

76.75 

18.06 

3530 

69.41 

15.23 

4320 

6).73 

16.29 

5110 

71.48 

17.22 

5900 

76.81 

18.07 

3540 

69.60 

15.24 

4330 

65.80 

16.30 

6120 

71.36 

17.24 

6010 

16.88 

18.08 

y  Google 


SQUARE  AND  CUBE  ROOTS, 


Sqoare  Boots  and  Cube  Roots  ofNamliers  flpOBi 

—  (COSTIXUED.) 


looo  to  loooe 


Num. 

Sq.Rt. 

Cn.  Rt. 

Nnm. 

Sq.  Rt. 

Cn.Rt. 

] 

5930 

76.94 

18.09 

6710 

51.91 

18.86 

593C 

77.01 

18.10 

6720 

81.98 

18.87 

HMO 

77.07 

18.11 

6730 

82.04 

18.88 

mo 

77.14 

18.12 

6740 

82.10 

18.89 

6960 

77.20 

18.13 

6750 

82.16 

18.90 

6079 

77.27 

18.14 

6760 

82.22 

18.91 

5980 

77.83 

18.15 

6770 

82.28 

18.92 

5990 

77.40 

18.16 

6780 

82.34 

18.93 

6000 

77.46 

18.17 

6790 

82.40 

18.94 

6010 

77.52 

18.18 

6800 

82.46 

18.95 

eoao 

77.59 

18.19 

6810 

82.52 

18.95 

6030 

77.65 

18.20 

6820 

82.58 

18.96 

6040 

77.72 

18.21 

6830 

82.64 

18.97 

6050 

77.78 

18.22 

6840 

82.70 

18.98 

6060 

77.85 

18.23 

6850 

82.76 

18.99 

6070 

77.91 

18.24 

6860 

82.83 

19.00 

6080 

77.97 

18.25 

6870 

82.89 

19.01 

6090 

78.04 

18.26 

6880 

82.95 

19.02 

6100 

78.10 

18.27 

6890 

83.01 

19.03 

6110 

78.17 

18.28 

6900 

83.07 

19.04 

6120 

7S.23 

18.29 

6910 

83.13 

19.05 

6130 

78.29 

18.90 

6920 

83.19 

19.06 

6140 

78.36 

18.31 

6930 

83.25 

19.07 

6150 

78.42 

18.32 

6940 

83.31 

19.07 

6160 

78.49 

18.83 

6950 

83.37 

19.08 

6170 

78.56 

18.34 

6960 

83.43 

19.09 

6180 

78.61 

18.35 

6970 

83.49 

19.10 

6190 

T8.68 

18.36 

6980 

88.55 

19.11 

6200 

78.74 

18.37 

6990 

83.61 

19.12 

6210 

78.80 

18.38 

7000 

83.67 

19.13 

6230 

78.87 

18.39 

7010 

83.73 

19.14 

6230 

78.93 

18.40 

7020 

83.79 

19.15 

6240 

78.99 

18.41 

7030 

83.85 

19.16 

6250 

79.06 

18.42 

7040 

83.90 

19.17 

6260 

79.12 

18.43 

7050 

83.»a 

19.17 

6270 

79.18 

18.44 

7060 

84.02 

19.18 

6280 

79.25 

18.45 

7070 

84.08 

19.19 

6290 

7931 

18.46 

7080 

84.14 

19.20 

6300 

79.37 

18.47 

7090 

84.20 

19.21 

6310 

79.44 

18.48 

7100 

84.26 

19.22 

6320 

79.50 

18.49 

7110 

84.32 

19.23 

6330 

79.56 

18.50 

7120 

84.38 

19,24 

6340 

79.62 

18.51 

7130 

84.44 

19.25 

6350 

79.69 

18.52 

7140 

84.50 

19.26 

6300 

79.75 

18.53 

7150 

84.56 

19.26 

6370 

79.81 

18.54 

7160 

84.62 

19.27 

6380 

79.87 

18.55 

7170 

ft4.68 

19.28 

63H0 

79.94 

18.56 

7180 

84.73 

19.29 

6400 

80.00 

18.57 

7190 

84.79 

19.30 

6410 

80.06 

18.58 

7200 

64.85 

19.31 

6420 

80.12 

18.59 

7210 

84.91 

19.32 

6430 

80.19 

18.60 

7220 

84.97 

19.33 

6440 

80.25 

18.60 

7230 

85.08 

19.34 

6450 

80.31 

18.61 

7240 

85.09 

19.35 

6160 

80.37 

18.62 

7250 

85.15 

19.36 

6470 

80.44 

18.63 

7260 

85.21 

19.36 

6480 

80.50 

18.64 

7270 

85.26 

19.37 

6490 

80.56 

18.65 

7280 

85.82 

19.38 

6500 

80.62 

18.66 

7290 

85.38 

19.39 

6510 

80.68 

18.67 

7300 

85.44 

19.40 

6520 

80.75 

18.68 

7310 

85.50 

19.41 

6530 

80.81 

18.69 

r320 

86.56 

19.42 

6540 

80.87 

18.70 

7330 

85.62 

19.43 

6550 

80.93 

18,71 

7340 

85.67 

19.43 

6560 

80.99 

18.72 

7350 

85.73 

19.44 

6570 

81.06 

18.73 

7360 

85.79 

19.45 

6580 

81.12 

18.74 

7370 

85.85 

19,46 

6590 

81.18 

18.75 

7380 

85.91 

19.47 

6600 

81.24 

18.76 

7390 

85.97 

19.48 

6610 

81.30 

18.77 

7400 

86.02 

19.49 

6620 

81.36 

18.78 

7410 

86.08 

19.50 

6630 

81.42 

18.79 

7420 

86.14 

19.50 

6640 

81.49 

18.80 

74.W 

86.20 

19.51 

6660 

81.55 

18.81 

7440 

86.26 

19.52 

6860 

81.61 

18.81 

74,'iO 

86.31 

19.53 
19.54 

6670 

81.67 

18.82 

7460 

86.37 

6680 

81.73 

18.88 

7470 

86.43 

19.55 

81.79 

18.84 

7480 

86.49 

1956 

vm 

81.83 

18.85 

7490 

86.54 

19.57 

7500 
7510 
7520 
7530 
7540 
7550 
7560 
7570 
7580 
7590 
7600 
7610 
7620 
7638 
7640 
7650 
7660 
7670 
7680 
7690 
7700 
7710 
7720 
7730 
7740 
7750 
7766 
7T70 
7780 
7790 
7800 
7810 
7820 
7830 
7840 
7850 
7860 
7870 
7880 
7890 
7900 
7910 
7920 
7930 
7940 
7950 
7960 
7970 
7980 
7990 
8000 
8010 
8020 
8030 
8040 
8050 
8060 
8070 
8080 
8090 
8100 
8110 
8120 
8130 
8140 
8150 
8160 
8170 
8180 
8190 
8200 
8210 
8220 
8230 
8240 
8250 
8260 
8270 


86.60 

10.67 

6290 

91.05 

86.66 

19.58 

8300 

91.10 

86.72 

19.59 

8310 

91.16 

86.78 

19.60 

8320 

91.21 

86.83 

10.61 

8330 

91.27 

86.89 

19.62 

8340 

91.32 

86.95 

19.63 

8350 

91.38 

87.01 

19.64 

8360 

91.43 

87.06 

19.64 

8370 

91.49 

87.12 

19.66 

8380 

91.54 

87.18 

19.66 

8390 

91.60 

87.24 

19.67 

8400 

91.65 

87.29 

19.68 

8410 

01.71 

87.35 

19.69 

8420 

91.76 

87.41 

19.70 

6430 

91.82 

87.46 

19.70 

8440 

91.87 

87.52 

19.71 

8450 

91.92 

87.58 

19.72 

8460 

91.98 

67.64 

19.73 

8470 

92.03 

87.69 

19.74 

8480 

92.09 

87.75 

19.75 

8490 

92.14 

87.8L 

19.76 

8500 

92.20 

87.86 

19.76 

8510 

92.25 

87.92 

19.77 

8520 

92.30 

87.98 

19.78 

8530 

92.36 

88.03 

19.79 

a540 

92.41 

88.09 

19.80 

8550 

92.47 

88.15 

19.81 

8560 

92.52 

88.20 

19.81 

8570 

92.57 

88.26 

19.82 

8580 

92.63 

88.32 

19.83 

8590 

92.68 

88.37 

19.84 

8600 

92.74 

88.43 

19.85 

8610 

92.79 

88.49 

19.86 

8620 

92.84 

88.54 

19.87 

8630 

92.90 

88.60 

19.87 

8640 

92.95 

88.66 

19.88 

8650 

93.01 

88.71 

19.89 

8660 

93.06 

88.77 

19.90 

8670 

93.11 

88.83 

19.91 

8680 

93.17 

88.88 

19.92 

8690 

93.22 

88.94 

19.92 

8700 

93.27 

88.99 

19.93 

8710 

93.33 

89.05 

19.94 

8720 

93.38 

89.11 

19.95 

8730 

93.43 

89.16 

19.96 

8740 

93.49 

89.22 

19.97 

8750 

93.54 

89.27 

19.97 

8760 

93.59 

89.33 

19.98 

8770 

93.65 

89.39 

19.99 

8780 

93.70 

89.44 

20.00 

8790 

93.75 

89.50 

20.01 

8800 

93.81 

89.55 

20.02 

8810 

93.86 

89.61 

20.02 

8820 

93.91 

89.67 

20.03 

8830 

93.97 

89.72 

20.04 

8840 

94.02 

89.78 

20.05 

8850 

94.07 

89.83 

20.06 

8860 

94.13 

89.89 

20.07 

8870 

94.18 

89.94 

20.07 

8880 

94.23 

90.00 

20.08 

8890 

94.29 

90.06 

20.09 

8900 

94.34 

90.11 

20.10 

8910 

94.39 

90.17 

20.11 

8920 

94.45 

90.22 

20.12 

8930 

94.50 

90.28 

20.12 

8940 

94.55 

90..33 

20.13 

8950 

94.60 

90.39 

20.14 

8960 

94.66 

90.44 

20.15 

8970 

94.71 

90.50 

20.16 

8980 

94.76 

90,55 

20.17 

8990 

94.82 

90,61 

20.17 

9000 

94.87 

90.66 

20.18 

9010 

94.92 

90.72 

20.19 

9020 

94.97 

90.77 

20.20 

9030 

95.03 

90.83 

20.21 

9040 

95.08 

90.88 

20.21 

9050 

95.13 

90.94 

20.22 

9060 

95.18 

90.90 

20.23 

9070 

96.24 
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Square  Roots  and  Cube  Roots  of  Nambers  from  1000  to  lOOOO 

—  (CONXmUED.) 


Nam. 

Sq.  Bt. 

Ga.  Bt. 

Num. 

Sq.Bt. 

Cu.  Bt. 

Nam. 

Sq.  Bt. 

Ca.  Bt. 

Nam. 

Sq.Bt. 

Cu.Bt. 

9080 

95.29 

20.86 

9320 

96.54 

21.04 

9650 

97.72 

21.22 

9780 

98.89 

21 .89 

9090 

95.34 

20.87 

9.330 

96.69 

21.06 

9560 

97.78 

21.22 

9790 

96.94 

21.89 

9100 

95.39 

20.88 

9340 

96.64 

21.06 

9570 

97.88 

21.28 

9800 

98.99 

21.40 

91 LO 

95.46 

20.89 

9350 

96.70 

21.07 

9580 

97.88 

21.24 

9810 

99.06 

21.41 

9120 

95.50 

20.89 

9360 

96.75 

21.07 

9690 

97.93 

21.25 

9820 

99.10 

21.41 

9130 

95.55 

20.90 

9370 

96.80 

21.08 

9600 

97.98 

21.26 

9830 

99.16 

21.42 

9140 

95.00 

20.91 

93H0 

96.86 

21.09 

9610 

98.03 

21.26 

9840 

99.20 

21.48 

9150 

95.86 

20.92 

9390 

96.90 

21.10 

9620 

98.08 

21.27 

9860 

99.25 

21.44 

9160 

95.71 

20.92 

9400 

96.96 

21.10 

9630 

98.18 

21.28 

9660 

99.80 

21.44 

9170 

95.76 

20.98 

9410 

97.01 

21.11 

9640 

96.18 

21.28 

9870 

99.86 

21.46 

9180 

95.81 

20.94 

9420 

97.06 

21.12 

9650 

98.88 

21.29 

9880 

99.40 

21.4€ 

9190 

95.86 

20.95 

9430 

97.11 

21.13 

9660 

96.29 

21.80 

9890 

90.46 

21.47 

9200 

96.92 

20.96 

9440 

97.16 

21.13 

9670 

98.84 

n.80 

9900 

99.50 

21.47 

9210 

96.97 

20.96 

9450 

97.21 

21.14 

9680 

98.89 

81.81 

9910 

99.66 

21.48 

9220 

96.02 

20.97 

9460 

97.26 

21.15 

9690 

98.44 

21.82 

9920 

99.60 

21.49 

9230 

96.07 

20.98 

9470 

97.31 

21.16 

9700 

96.49 

81.88 

9980 

99.66 

21.49 

9240 

96.12 

20.98 

9480 

9^37 

21.16 

9710 

96.64 

81.S3 

9040 

99.70 

21.60 

9250 

96.18 

20.99 

9490 

97.42 

21.17 

9720 

98.69 

21.84 

9960 

99.76 

21.61 

9260 

96.23 

21.00 

9500 

97.47 

21.18 

9730 

98.64 

21.86 

9960 

99.80 

21.62 

9270 

96.28 

21.01 

9510 

97.52 

21.19 

9740 

98.69 

81.86 

9970 

99.85 

21.62 

9280 

96.88 

21.01 

9520 

97.57 

21.19 

9750 

98.74 

21.36 

9980 

99.90 

21.68 

9290 

96.88 

21.02 

9630 

97.62 

21.20 

9760 

96.79 

21.37 

9990 

99.96 

21.64 

9300 

96.44 

21.03 

9640 

97.«7 

21.21 

9770 

98.64 

21.88 

loooe 

100.00 

21^ 

9310 

96.49 

21.04 

To  find  Square   or  Cube  Roots  of  larice  numbers  not  eon- 
taf  ned  In  tbe  column  of  numbers  of  tbe  table. 

Such  roots  may  Bometlmea  be  taken  at  onoe  from  the  table,  bj  mereir  regardiog  the  eolamna  of 
powers  as  being  columns  «r  nambera;  and  those  of  nnmbers  as  being  tno»e  of  roots.  Thus,  if  the 
»q  ft  of  25281  is  reqd,  Qrst  fled  that  number  in  tbe  column  of  »quare»:  and  opposite  to  it.  in  the 
column  of  numbers,  is  its  sq  rt  159.  For  the  e%^e  rt  of  857376,  tlnd  that  nnmber  in  the  column  of 
cu6m;  and  opposite  to  it,  in  the  ool  of  numbers,  is  its  cube  rt  95.  When  tbe  exact  number  is  not  oon> 
tained  in  the  oolumn  of  squares,  or  cubes,  as  the  case  may  be,  we  may  use  instead  the  number  nearest 
to  it,  if  no  great  accuracy  is  reqd.  But  when  a  considerable  degree  of  accuracy  is  necessary,  the 
following  very  correct  meUiods  may  be  used. 

For  tbe  square  root-. 

This  rule  appHes  both  to  whole  numbers,  and  to  those  which  are  parUy  (not  wholly)  decimal.  First, 
in  tbe  foregoing  manner,  take  out  the  tabular  number,  which  is  nearest  to  the  given  one ;  and  also  its 
tabular  sq  rt.  Mult  this  tabular  number  by  3 ;  to  the  prod  add  the  given  number.  Gall  tbe  sum  A. 
Then  mult  the  given  number  by  3 ;  to  the  prod  add  the  ubular  number.  Call  the  sum  B.  Then 
A  :  B  :  :  Tabular  root  :  Beqd  root. 
Ex.  Let  the  given  number  be  946.53.  Here  we  find  the  nearest  tabular  nnmber  to  be  947;  and  lUi 
tabuliur  sq  rt  30.7734.    Hence, 

947  =  tab  nam  "^  r  946.63  =  given  nam. 

8  3 


2841 
946.68  =  given  nam. 

8787.63  =  A. 


and 


{2839.59 

947     =  tab  num. 


13786.69  =  B. 


A.  B.  Tab  root.     Reqd  root. 

Then  8787.53    :    8786.59    :  :    30.7734    :    80.7657  +. 

The  root  as  found  by  actual  mathematical  process  is  also  80.7657  -\-. 

For  the  eube  root. 

This  rale  applies  both  to  whole  numbers,  and  to  those  which  are  partfy  decimal.  First  take  ont  tne 
tabular  number  which  is  nearest  to  the  given  one ;  and  also  its  tabular  cube  rt.    Mult  this  Ubular 
number  by  2 ;  and  to  the  prod  add  the  given  nnmber.    Gall  tbe  sum  A.  Then  malt  tbe  given  number 
by  2;  and  to  the  prod  add  the  tabular  number.     Gall  tbe  sum  B.    Then 
A  :  B  :  :  Tabnlar  root  :  Beqd  root 

Ex.  Let  the  given  number  be  7368.    Here  we  find  tbe  nearest  tabular  nambw  (In  the  oolomn  of 


eubet)  to  be  6859 ;  and  its  ubular  cube  rt  19.    Hence. 
6869=:UbB 
2 


13718 
7368  =  given  num. 


'  and 


7868  =  given  I 


14736 
6H59  =  Ub  nam. 


21086  =  A.  J  L  21596  =  B. 

Thfen  ^  vi^  «,?^  Tab  Boot   BeqdBt 

Then,  as  21086      :      21595      .  .       19      ;      19M»5 

The  root  as  found  by  correct  mathematical  process  is  19.4588.    Tbe  engineer  rarelj  reqalres  even 
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iMs  degree  of  aoeareoy ;  for  bis  parposea,  therefore,  thie  prooees  la  gmMj  preferable  to  the  ordinary 
laborious  one. 

To  find  the  square  root  of  »  namber  wlileli  is  wliolljr 
decimal. 

Very  elmplet  and  oorreot  to  the  third  Dameral  figure  inoiusire.  If  the  anmber  does  not  eontaio  a« 
least  fire  figures,  counting  from  theArat  nunural,  luid  including  it,  add  one  or  more  ciphers  to  malt* 
five.  If,  after  that,  the  whole  number  is  not  separable  into  twos,  add  another  cipher  to  make  it  so. 
Then  bi^naing  at  the  first  numeral  figure,  and  including  it.  assume  the  number  to  be  a  whole  one. 
la  the  table  find  the  namber  nearest  to  this  assumed  one ;  take  oat  its  tab«!lar  aq  rt ;  mote  the  deel> 
Bal  point  of  this  tabular  root  to  Uie  left,  ika(^as  uasj  places  as  the  finallj  modlAed  d»eimml  oombtr 
has  figures. 

Ex.  What  Is  the  sq  rt  of  the  decimal  .002?  Here,  in  order  to  have  at  least  flre  deeimal  figures, 
eounting  from  the  first  numeral  (2).  and  including  it.  add  ciphers  thus,  .00,20.00.0.  But.  as  It  is  not 
now  separable  into  twos,  add  another  cipher,  thus.  .00,20,00,00.  Then  beginulng  at  the  first  numeral 
(2).  assume  this  decimal  to  be  the  whole  number  200000.  The  nearest  to  this  in  the  table  is  199H0D; 
and  tbe  sq  rt  of  this  is  447.  Now,  the  deoimal  number  as  finally  modified,  namely,  .00.20,00,00,  has 
eight  flgores :  one-half  of  which  is  4 ;  therefore,  move  the  decimal  point  of  the  root  447,  four  plaoes  to 
the  left ;  making  it  .0447.    This  is  the  reqd  sq  rt  of  .002,  oorreot  to  the  third  numeral  7  included. 

To  find  tlie  cnl»e  root  of  a  nunil»er  wiiicli  is  wiiolljr  decimal. 

Very  simple,  and  correct  to  tbe  third  numeral  incluslTe. 

If  the  number  does  not  contain  at  least  five  figures,  counting  from  the  first  numeral,  and  including 
'  tt,  add  one  or  more  ciphers  to  make  five.  If.  after  that,  the  number  is  not  separable  into  threes,  add 
one  or  more  ciphers  to  make  it  so.  Then  beginning  at  the  first  numeral,  and  including  it.  assnaie 
the  namber  to  be  a  whole  one.  In  the  table  find  the  number  nearest  to  this  assomed  one,  and  take 
out  lu  tabular  cub  rt.  Move  the  decimal  point  of  this  rt  to  the  left,  one- third  as  many  places  as  the 
finally  modified  decimal  number  has  figures. 

Rx.  What  is  the  cube  rt  of  the  decimal  .002  T  Here,  In  order  to  have  at  least  fire  figures,  eounting 
from  the  first  nomeral  (2),  and  inclndlng  it,  add  ciphers  thus,  .002.000.0.  But  as  it  is  not  now  spar- 
able Into  threes,  add  two  more  ciphers  to  make  it  so ;  thus,  .002,000.000.  Then  beginoiug  with  the 
first  numeral  (2),  assume  tbe  deeimal  to  be  the  whole  num)>er  2000000.  The  nearest  cube  to  this  in 
the  table  in  the  column  of  cubes,  is  2000370 ;  and  its  tabular  cube  rt  as  found  in  the  col  of  numbers. 
Is  126.  Now,  the  decimal  namber  as  finally  modified,  namely,  .002  000  000,  has  nine  figures ;  one>tbird 
of  which  is  3;  therefore,  more  the  deoimal  point  of  the  root  126,  three  plaoes  to  the  left,  making  It 
.126.    This  is  tbe  reqd  cube  rt  of  the  decimal  .002,  correct  to  the  third  numeral  6  Included. 

To  find  roots  by  loyaritlims,  see  p  39. 

For  tablefl  of  fiflh  roots,  fiQtIk  powers,  and  square  roots  of  flftli 
powers*  see  pp  251  to  253. 
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GEOMETRY. 

I«iii(M«,  Fiiirnres,  SolidA,  defined.    Strictly  speaking  a  geometrical  line 

is  simplj  length,  or  diitUDoe.  The  lines  we  draw  on  paper  have  not  onlv  length,  but  breadth  and 
tbieline<is :  still  they  are  the  most  convenient  sjnibol  we  can  employ  for  diboting  a  geometrical  line. 

Straigrlit  lines  are  also  called  rifrit  t  lines.  A  vertlealline  is  one  that  points 
toward  the  center  of  the  earth;  and  a  horiasonial  one^is  at  right  angles  to  a 
▼ert  one.  A  plane  fiinir^  is  merely  any  flat  surface  or  area  entirely  enclosed 
by  lines  either  straight  or  ourred ;  wbiob  are  called  its  outline,  boundary,  ciroumf,  or  peripherr.  We 
often  oonfound  the  outline  with  the  fig  itself  as  when  we  speak  of  drawing  circles,  squares,  ko ;  for 
we  actually  draw  only  their  outlines.    Oeometrioally  speaking,  a  flg  has  length  and  breadth  only  ;  no 

thickness.    A  solid  is  any  body ;  it  has  length,  oreadth,  and  thickness. 

Oeoinetrically  similar  ngs  or  solids,  are  not  necessarily  of  the  same 
sise;  but  only  of  precisely  the  same  shape.    Thius,  any  two  squares  are,  scien- 

tiflcallr  apeaking,  similar  to  each  other  ;  so  also  any  two  circles,  cubes,  Ac,  no  matter  how  diflbrent 
thev  may  be  in  sixe.    When  they  are  ooi  onlj  of  the  name  shape,  bat  of  the  same  siie,  they  are  aaid 
to  be  similar,  and  egiial. 
The  qnantities  orliiic^  are  to  each  other  simply  as  their  lenflrlhs;  but 

the  quantities,  or  areas,  or  surfaces  of  similar  fiflrnres,  are  as,  or  in  proportion 
to,  the  sqnares  of  any  one  of  the  corresponding  lines  or  sides  which  enclose  the  • 
figures,  or  which  may  be  drawn  upon  them :  and  the  quantities,  or  solidities  of 
similar  solids,  are  as  the  enbes  of  any  of  the  corresponding  lines  which  form 
their  edges,  or  the  figures  by  which  they  are  enclosed. 

Bern*— Simple  as  the  following  operations  appear,  it  is  only  by  care,  and  good  instruments,  that 
tliey  are  made  to  give  accurate  results.  Several  of  them  can  be  much  better  performed  by  means  of  a 
metallic  triaugle  having  one  perfectly  accurate  right  angle.  In  the  Seld,  the  tape-line,  chain,  or  » 
measuriug-rod  will  take  the  place  of  Uie  dividers  and  rul^  used  iudoors.  , 

To  divide  a  fff  ven  line,  a  6,  Into  two  eqnal  parts. 

From  its  ends  a  and  6  as  centers,  and  with  any  rad  greater  than  one-half  of  a  h. 

k  describe  the  ares  c  and  d,  and  Join  •/.    If  the  line  a  6  is  very  long,  first  lav  off 

g        equal  dlnta  a  o  and  6  g,  each  way  from  thp  ends,  so  as  to  approach  conveniently 

near  to  each  other ;  and  then  proceed  as  if  o  0  were  the  Itiie  to  be  dirkled.    Or 

measure  a  6  by  a  scale,  and  thus  ascertain  its  oeater. 

To  divide  a  flriven  line,  m  n,  into  any 
griven  nnmber  of  equal  parts. 

From  m  and  n  draw  any  two  parallel  lines  m  o  and  m  a, 
to  an  indefinite  dist ;  and  on  them,  from  m  and  n  step  off  the 
reqd  number  of  equal  parts  of  any  convenient  length :  flnai- 
ly.  join  the  corresponding  points  thus  stepped  ofT  Or  onlj 
one  line,  as  mo.  may  he  drawn  and  stepped  off.  as  to  s; 
then  join  «  n ;  and  draw  the  other  short  lines  parallel  to  it. 

To  divide  a  driven  line,  tn  n,  into  two  parts  which  shall  have 
a  ipiven  proportion  to  each  other. 

This  is  done  on  the  same  principle  as  the  last ;  thus,  let  the  proportion  be  as  1  to  3.  First  draw 
any  line  m  o ;  and  with  any  convenient  opening  of  the  dividers  make  mx  equal  to  one  step ;  and  a  t 
equal  to  three  steps.    Join  «  n ;  and  parallel  to  it  draw  x  c.    Then  m  e  is  to  e  n  as  1  is  to  3. 

Ansrlcs.  When  two  straight,  or  rteht  lines  meet  each  other  at  any  Inclina^ 
tion,  the  inclination  is  called  an  anirl« ;  and  is  measured  by  the  d^n^es  con- 
tained in  the  arc  of  a  circle  described  from  the  point  of  meeting  as  a  center.  Since  all  circles,  whether 
large  or  small,  are  supposed  to  be  divided  into  360  degrees,  it  follows  that  any  number  of  degrees  of  a 
smalt  circle  will  measure  the  same  degree  of  inclination  as  wfll  the  same  number  of  a  large  one. 

When  two  straight  lines,  as  o  n  and  a  b,  meet  in  such  a  msnner  that  the  inclination  o  n  a  is  equal 
to  the  inclination  onb,  then  the  two  lines  are  said  to  be  ,q 

perpend ienlar  to  each  other;  and  the  angles  on  a  and         /tn. 
0  n  6,  are  called  ri||rht  anirles ;  and  are  each  measd  by,  or     ^  a    I    a  »       yC 

are  equal  to.  90°,  or  one- fourth  part  of  the  circumf  of  a  circle.    Any  angle,  V    ^  /  X 

as  c  0  d,  smaller  than  a  right  angle,  is  called  aente  or  sharp ;  Vll-/ /= — ^ — ^ 
and  one  c  ef,  larger  than  a  right  angle,  is  called  obtuse,  or 

blunt.  When  one  line  meets  another,  as  in  the  first  Fig  oo  opposite  page,  the  two  angles  on  th« 
same  side  of  either  line  are  called  eontieuous,  or  acyacent.     Thus,  vu»  and 

vu  to  are  adjacent;  alao  tut  and  tuw;  sutandsMv;  tout  and  wuv.  The  sum  of  two  adjacent 
angles  is  always  equal  to  two  right  angles;  or  to  IHU°.  Therefore,  if  we  know  tlie  number  of  de- 
grees oonuiued  in  one  of  them,  and  subtract  it  from  180°,  we  obtain  the  other. 
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When  two  straight  lines  erou  each  other,  forming  foar 
angles,  either  pair  of  those  angles  which  point  In  exactly 
opposite  directions  are  called  opposite,  or  Tertieal 
anifles ;  thus,  the  pair  «  «  <,  and  o  « to  are  oppotite  an- 
gles ;  also  the  pair  $nv  and  t  u  to.  The  opposite  angles 
of  any  pair  are  always  eqoal  to  each  other. 

When  a  straight  line  a  h  crosses  two  parallel  lines  c  <f, 
«/,  the  alternate  angles  which  form  a  kind  of  Z  are 
equal  to  each  other.  Thus,  the  angles  don,  and  o  »/,  are 
equal :  as  are  also  eon,  and  one.  Also  the  sura  of  the 
two  internal  angles  on  the  same  side  of  a  6,  is  equal  to  two 
right  angles,  or  180°;  thus,  co  «  +  o  »/=  18(P;  also 
don  -^  one  =  180°. 

All  Interior  an^rle, 

la  any  f  g,  {•  a«y  angle  formed  iiuid0  of  Chat  fig,  by  tke  rae«i< 
ing  of  tvo  of  lu  ai<le«,  a«  the  aagle*  e  n  b.  a  b  e,  b  e  a,  o(  this 
triaagla.  All  the  iatedor  auglea  of  asy  «traight-liBe4  flgare  of 
any  nvmber  of  utAtM  vhatcrer,  are  together  «qaal  ca  tariee  as 
many  right  anglea  ainoa  foar,  as  the  flgara  has  sides.  That,  a 
trianglenas  S  aides ;  twice  that  number  la  <;  and<  right  augl«a, 
or«  X  M^iriW;  fro«  which  talte  4  right  angles,  or  3«»f>:  and 
there  remaia  IM^,  whieh  ia  the  number  of  degrees  ia  every 
plane,  or  atraight  lined  triaagle.  This  priaoiiito  faniishes  aa 
easy  means  of  testing  our  measurements  of  the  ang'ies  of  any 
(Ig ;  for  if  Che  sura  of  alt  our  measiiremeata  doea  noCa<rea  with 
givan  by  the  nii«,  it  Is  a  proof  that  we  have  oonunitied  some  error. 

An  exterior  anjgrle 

Of  any  straight-lined  figure,  is  aav  angle,  at  «  b  <i.  formed  oormoB  of  that  fig, 
by  the  meeting  of  any  side,  as  a  i,  with  the  prolongation  of  au  adjacent  xido, 
as  e  & ;  so  likewise  tke  angles  eat,  and  h  e  w.9  AH  the  exterior  aog'.es  of  any 

atralght-lined  fl«,  no  matter  how  many  sides  it  may  have,  amount  to  MtP ; 

but  if  any  of  the  angles  are   re-entering,  t«,  pointing 

inward;  as  g  ij,  the  aupplementa,  as  ^  t  a;,  oorrespoudinc  to  such,  must  be 
taken  as ne^otfos or  auniu-  Thusa6<l4-*c«4-ea«  =  M(K>;  and  yAy^. 
eji  —  gix-^igw  =  ae^.  Angles,  as  «,&,  c,  y.  A,  aod/,  whieh  ptAot  otU- 
ward^  are  called  Salient. 


From  fuiy  grlTen  pointy  p,  on  a  line  9  f, 
to  draw  a  perp,i>a. 

From  p,  with  any  conx-enient  opening  of  the  dividers,  step  off  the 

tescr 
Or  still  better,  describe  four  arcs,  and  join  a  y. 


eqnala  po,p$.    From  o  and  g  as  centers,  with  any  opening  greater 
than  half  o  g,  describe  the  two  short  ares  6  and  e;  and  join  a  p. 


Or  from  p  with  any  convenient  scale  describe  two 

short  arcs  g  and  c  either  one  of  them  with  a  radius  3,  and  the  other 
« ith  a  rad  i.    Then  flrom  g  with  rad  5  describe  the  arc  b.    Joiapn. 


If  tlie  point  p  Is  at  one  end  of  the  line, 
i^r  very  near  It, 

Extend  the  line,  if  possible,  and  proceed  as  above.  Bat  If  this 
cannot  be  done,  then  from  any  ooavenieut  point,  w,  open  the  divid- 
ers to  p,  and  describe  the  semicircle,  sp  o;  through  o  w  draw  o  w 
«;  joinj>  ». 

Or  nse  the  last  foreirolnfp  process  with 

rada  3,  4,  and  5. 


From  ft  fflven  point,  <>,  to  let  fall  a 
perp  o  «,  to  a  grlveu  line,  nt  m. 

From  o,  measure  to  the  line  m  n,  any  two  equal  dists,  o  e, 
o  e;  and  from  c  and  e  as  centers^  with  any  opening  greater 
than  half  of  e  e,  deaoribe  the  two  arcs  a  and  6 ;  join  o  (.  Or 
from  any  point,  as  d  on  the  line,  open  the  dividers  to  o,  and 
deaoribe  the  ar«  o  g ;  make  i  k  equal  to  V  • ;  and  join  e  at. 

•  An  exterior  angle  ahd,OTghf,\*  the  iupplement  (p  5«) 
•f  the  interior  anglo  a  ft  a,  or  #  */,  at  the  same  point  ft,  or  *. 
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If  tli«  line,  a  b,  is  on  the  grronnd. 

And  a  perp  is  reqd  to  be  drawn  from  c,  first  measure  off  anj  two 
equal  dists,  cm,  en.    At  m  and  n,  bold  the  ends  of  a  piece  of  string, 
tape-line,  or  chain,  man.',  then  tighten  out  tbe  string,  to,  aa  shown 
by  m  «  n ;  »  being  its  center.    Then  will  «  c  be  the  reqd  perp.    Or  if 
*ixe  perp  «  r  is  to  be  drawn  from  the  end  of  the  line  w  x,  first  measure  x  y 
upon  the  line,  and  equal  to  three  feet;  then  holding  tbe  end  of  a  tape- 
line  at  X,  and  its  nine  feet  mark  at  y.  bold  the  four  feet  mark  at  z,  keep- 
ing zx  and  ey  equally  stretobed.  Then  zx  will  be  the  reqd  perp.  because 
8, 4,  and  5,  make  tbe  sides  of  a  right-angled  triangle.    Instead  of  8, 4,  and 
6,  any  multiples  of  those  numbers  may  be  used,  such  as  6.  8,  and  10 ;  or 
9, 12, 15,  iio:  also  instead  of  feet,  we  may  use  yards,  chains,  &c 


Tliroa$:h  a  erliren  point,  a,  to  draw  a 
line,  a  e,  parallel  to  another  line, 

ef. 

with  tbe  perp  dist,  a  e,  from  any  point,  n,  in  e/,  describe 
an  arc,  ( ;  draw  a  e  just  touching  tbe  arc. 


■7^-^ 


At  any  point,  a,  In  a  line  a  b, 
to  make  an  ani^ie  c  a  &^ equal 
to  a  uriven  aniple,  mno. 

From  n  and  a,  with  any  convenient  rad,  describe 
She  arcs  «  (,  d  « ;  measure  g  t,  and  make  e  d  equal 
to  it;  throngh  a  d  draw  a  e. 


To  biseet,  or  divide  any  anirle,  waoy,  into 
two  eqnal  parts. 

Prom  X  set  off  any  two  equal  dists,  xr.xa.  From  r  and  s  with  any  rad 
describe  two  arcs  Intersecting,  as  at  o ;  and  join  o  x.  If  the  two  sides  of 
the  angle  do  not  meet,  a»  c/  and  g  h,  either  first  extend  them  until  they 
do  meet ;  or  else  draw  lines  x  w,  and  xp,  parallel  to  tbem,  and  at  equal 
didts  from  them,  so  a«  to  meet;  then  proceed  aa  before. 


All  angles,  as  n  a  in,  n  0  m.  at  tbe  cironmf  of  a  semicircle,  and  stanA' 
Ing  on  iu  diam  n  m,  are  right  angles ;  or,  aa  it  is  usaally  expressed, 

int    all  anirles  in  a  semicircle  are  rigrlit  anf;:les. 

\'"'     An  angle  n  «  x  at  the  centre  of  a  circle,  is  twice  aa  great  aa  an  angle  n 
M  s  at  the  circumf,  when  both  atand  upon  tbe  aame  arc  n  x. 


All  angles,  tis  y  d  p,  y  e  p,  y  g  p.  at  the  drcuraf  of  a  circle,  and  standing 
upon  the  same  arc,  as  yp,  are  equal  to  each  other ;  or,  aa  usually  expressed, 

e   all  angrles  In  the  same  segrment  of  a  clreleare 


eqnal. 


The  oomDleatent  of  an  angle  ia  what  it  lacka  of  90°.    Thna.  the  com- 

;lemeut  of  80°  is  90°  —  80°  =  10°;  and  that  of  210°  ia  90°  —  210°  =  — 120°, 
'he  suDDlenteBt  of  an  angle  is  what  it  lacks  of  180^.  Thus,  the  supple- 
ment orsoo  ia  180°  -  80°  =  1000 ;  and  that  of  210°  ia  180°  —  210°  =r  —*  300. 
But  ordinarily  we  may  neglect  the  signs  A-  and  — ,  before  complements  and 
Bupplementa,  and  call  tbe  complement  of  an  angle  ita  diff  from  90o  •  and 
the  supplement  its  dif  from  180°. 
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Angrles  in  a  Parallelogri^m. 

A  parallelogram  is  auy  four-sided  stratghMined  fig- 
ure whose  oi^xjsite  ddes  are  equal,  as  abed;  or  a 
square,  &c.  Any  liue  drawn  across  a  parallelogram 
between  2  opposite  angles,  is  called  a  diagonaly  as  a  c, 
or  6  d.  A  diag  divides  a  parallelogram  into  two  equal 
parts  ;  as  does  also  any  line  m  n  drawn  through  the 
center  of  either  diag;  and  moreover,  the  line  mn 
itself  is  div  into  two  equal  parts  by  the  diag.  Two 
diags  bisect  each  other ;  ihey  also  divide  the  parallel- 
ogram into  four  triangles  of  equal  areas.  The  sum 
of  the  two  angles  at  the  ends  of  any  one  side  is  =  180° ;  thus,  dab  -{■  abc  =  ab  c  -{- 
b  c  d  =■  180^ ;    and  the  sum  of  the  four  angles,  d  ab^  a  b  c,  b  c  d,  c  d  a  =  360°. 

The  sum  of  the  squares  of  the  four  sides,  is  equal  to  the  sum  of  the  squares  of  the 
two  diags. 

To  reduce  Mlnntes  and  Seeonds  to  Degrrees  and  decimals 
of  a  Degpree,  etc. 

In  any  given  angle — 
Number  of  degrrees  =  Number  of  minutes  -h  60. 
=  Number  of  seconds  -^  3600. 

Nomber  of  minotes  =  Number  of  degrees  X  60. 
=  Number  of  seconds  -r-  60. 

Number  of  seconds  =  Number  of  degrees  X  3600. 
=  Number  of  minutes  X  60. 


Table  of  Minutes  and  Seconds  in  decimals  of  a  Desrree. 

]f{D. 

Deg. 

Mio. 

Deg. 

Min. 

Deg. 

See. 

Deg. 

Sec. 
21 

Deg. 

Sec. 

Deg. 

.016866 

31 

•3^ 

41 

.683333 

1 

.0002781 

.005833 

41 

.011389 

.083333 

33 

42 

.700000 

2 

.000556 

22 

.006111 

42 

.011667 

.050000 

33 

'.383333 

48 

.716666 

3 

.000833 

28 

.006389 

43 

.011944 

.066666 

24 

.400000 

44 

.733333 

1 

.001111 

24 

.006667 

44 

.012222 

.0838331 

35 

.416666 

45 

.750000 

5 

.001389 

25 

.006944 

45 

.012500 

.100000 

26 

46 

.766666 

6 

.001667 

26 

.007222 

46 

.012778 

.116666 

27 

!45O000 

47 

.783333 

7 

.001944 

27 

.007500 

47 

.013056 

.133383 

38 

•466666 

48 

.800000 

8 

.002222 

28 

,007778 

48 

.013383 

.150000 

29 

.483333 

49 

.816666 

9 

.002500 

29 

.008056 

49 

.013611 

10 

.166606 

.30 

.500000 

50 

.833833 

10 

.002778 

30 

.008.333 

50 

.013889 

u 

.183333 

31 

.516666 

51 

.850000 

11 

.008056 

31 

.008611 

51 

.014167 

13 

.300000 

32 

.53.3.333 

53 

.866666 

12 

.003.333 

33 

.008880 

52 

.014444 

13 

.316666 

33 

.550000 

58 

.883333 

13 

.00:i6ll 

S3 

.009167 

53 

.014722 

U 

.388333 

84 

.566666 

54 

.900000 

14 

.003889 

:w 

.009444 

54 

.015000 

13 

.350000 

85 

.583.333 

55 

.916666 

15 

.00*167 

.35 

.009722 

55 

.015278 

IS 

96 

.600000 

56 

.933.3.33 

16 

.004444 

36 

.010000 

56 

.015556 

17 

.283333 

87 

.616666 

57 

.950000 

17 

!004722 

37 

.010278 

57 

.015833 

18 

88 

.633383 

58 

-.966666 

18 

.005000 

38 

.010556 

58 

.016111 

19 

isiseeo 

88 

.650000 

59 

.983333 

19 

.005278 

39 

.010833 

59 

.016389 

20 

40 

.666666 

60 

1.000000 

20 

.005556 

40 

.011111 

60 

.016667 

1 .0002777778. 
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To  Measure  Angles  by  a  2  Ft  Eule,  etc. 

The  fonr  flnj^ers  of  the  hand,  held  at  right  angles  to  the  arm,  and  at 

arras-leagth  from  the  eye.  cover  about  7  degrees.    Aud  7*^  corresponds  to  about  12.2  ft  in  100  ft;  or  to 
96.6  ft  in  100  yds ;  or  to  645  ft  in  a  mile ;  or  in  the  same  proportien  as  the  distance. 

The  followfnjp  Table 

may  sometimes  be  found  aseful  fur  the  rough  measurement  of  angles,  either  on  a  drawing,  or  be- 
tween distant  objects  in  the  field.  If  the  inner  edges  of  a  common  two- foot  rule  be  opened  to  tb«  ex- 
tent shown  in  the  column  of  Inches,  its  edges  will  be  inclined  at  the  angles  shown  in  the  colamns  of 
angles.  Since  an  opening  of  ^  of-an  inch  up  to  19  inches  or  about  105*^.  corresponds  to  from  about 
}j  to  1°,  no  great  accuracy  is  to  be  expected;  and  beyond  105°  still  lessf  the  liability  to  error  in- 
ereasiUK  very  rapidly  as  the  opening  becomes  greater.  Thus,  the  last  H  inch  corresponds  to  about  139. 
As  to  the  table  itself,  angles  for  openings  intermediate  of  those  therein  given,  may  be  calculated  to 
the  nearest  minute  or  two,  by  simple  proportion,  up  to  2S  inches  of  opening,  or  about  147°. 

Table  of  Angles  correspondiiigr  to  openings  of  a  2-foot  role. 

(Originul.) 
D,  degrees ;  M,  minutes.  Gorreot. 


Ins. 

D. 

M. 

Ins. 

D. 

H. 

Ins. 

D. 

M. 

Ins. 

D. 

M. 

Ins. 

D. 

M. 

Ins. 

D.  M. 

H 

1 

12 

*H 

20 

24 

8J4 

40 

IS 

I2>i 

61 

23 

16>i 

85 

14 

20X 

115  6 

1 

48 

21 

40 

51 

62 

5 

86 

3 

116  1» 

H 

2 

24 

H 

21 

37 

}^ 

41 

29 

H 

62 

47 

H 

86 

52 

H 

117  20 

8 

00 

22 

13 

42 

7' 

63 

28 

87 

41 

118  80 

H 

s 

36 

H 

22 

50 

H 

42 

46 

H 

64 

11 

H 

88 

31 

H 

119  40 

4 

11 

23 

27 

43 

24 

64 

53 

89 

21 

120  52 

1 

4 

47 

5 

24 

3 

9 

44 

8 

13 

65 

35 

17 

90 

12 

21 

122  6 

5 

23 

24 

39 

44 

42 

66 

18 

91 

3 

123  20 

H 

5 

58 

% 

25 

Ifi 

M 

45 

21 

H 

67 

1 

H 

91 

54 

H 

124  36 

6 

34 

25 

53 

45 

59 

67 

44 

92 

46 

125  64 

H 

7 

10 

H 

26 

30 

H 

46 

38 

H 

68 

28 

H 

93 

38 

H 

127  14 

7 

46 

27 

7 

47 

17 

69 

12 

94 

31 

128  35 

H 

8 

22 

H 

27 

44 

H 

47 

56 

H 

69 

55 

H   . 

95 

24 

H 

129  59 

8 

58 

28 

21 

48 

35 

70 

38 

96 

17 

131  25 

2 

9 

34 

6 

28 

58 

10 

49 

15 

u 

71 

22 

18 

97 

11 

22 

132  53 

10 

10 

29 

35 

49 

54 

72 

6 

98 

5 

134  24 

H 

10 

46 

H 

30 

11 

y* 

50 

34 

H 

72 

51 

K 

99 

00 

bi 

135  58 

11 

22 

30 

49 

51 

13 

73 

36 

99 

55 

137  35 

H 

11 

58 

H 

31 

26 

H 

51 

5ii 

yi 

74 

21 

H 

100 

61 

H 

139  16 

12 

34 

32 

3 

52 

33 

75 

6 

101 

48 

141  1 

H 

13 

10 

H 

32 

40 

H 

53 

13 

H 

75 

51 

H 

102 

45 

H 

142  61 

13 

46 

33 

17 

63 

53 

76 

36 

103 

43 

144  46 

» 

14 

22 

7 

33 

54 

11 

54 

34 

15 

77 

22 

19 

104 

41 

23 

146  48 

14 

58 

34 

33 

65 

14 

78 

8 

105 

40 

148  68 

H 

15 

34 

H 

35 

10 

H 

55 

55 

H 

78 

54 

% 

106 

39 

H 

151  17 

16 

10 

35 

47 

56 

85 

79 

40 

107 

40 

153  48 

H 

16 

46 

H 

36 

25 

H 

57 

16 

^ 

80 

27 

H 

108 

41 

H 

156  34 

17 

22 

37 

3 

57 

57 

81 

14 

109 

43 

159  43 

H 

17 

59 

H 

37 

41 

H 

58 

38 

H 

82 

2 

H 

110 

46 

H 

163  27 

18 

35 

38 

19 

59 

19 

82 

49 

111 

49 

168  18 

4 

19 

12 

8 

38 

67 

12 

60 

00 

16 

83 

37 

20 

112 

53 

24 

180  OO 

19 

48 

39 

S5 

60 

41 

84 

26 

113 

68 

Or  this  table  may  be  nse<l  thus.  From  any  point  measure  12  ft 
towards  each  object,  and  place  marks.  Measure  the  dist  m  ft  between  these 
marks.  Suppose  the  first  cols  in  the  table  to  be  ft  instead  of  ins;  then  opposite 
the  dist  in  it  will  be  the  angle.    Oiie-eit?hth  of  a  ft  is  1.5  ins. 

The  foliowinir  Is  a  i^ood  way  to  measnre  an  anfi^le.  Measure 
100  or  any  other  number  of  ft  towards  each  object,  and  place  marks.  Measure  the 
dist  between  the  marks.    Then 

As  dist  measured    .  1   .  .  Half  the  dist  .  nat  sine  of 
toward  one  object  •  -L  •  •  between  marks  •  Half  the  angle. 

Find  this  nat  sine  in  the  table  of  nat  sines,  take  out  the  corresponding  angle, 
and  multiply  it  by  2.    See  near  foot  of  p  114. 
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Sines,  Tansents,  Ac. 

Sinte^  a  «,  of  any  angle,  a  c  &,  or  which  is  the  same  thing,  the  sine  of  any  oireaUr  aru.  a  h, 
which  sabtenda  or  measures  the  angle,  ix  a  straight  line  drawn  from  nne  end,  as  a.  of  the  arc,  at  right 
angles  to,  and  terminating  at,  the  rad  c  b,  drawn  to  the  other  end  b  of  the  arc.  It  in,  therefore,  eqaal 
to  half  the  chord  a  n,  of  the  arc  abn,  which  is  equal  to  twice  the  arc  a  A ;  or,  the  sioe  of  an  angle  is 

slwajs  equal  to  half  the  chord  of  twice  that  angle ;  and  vice  versa,  the  chord  of  an  angle  is  always 

pqoal  to  twice  the  aine  of  half  the  angle. 

The  sine  t  c  of  aq. angle  <  c  6,  or  of  an  arc  fp 

ta  b,  of  90^,  is  equal  to  the  radof  the  arc 

ir  of  the  circle  ;  and  this  sine  of  90°  is 

greater  than  that  of  anj  other  angle. 

€€»sine  c  «  of  an  angle  acb, 

is  tiiat  part  of  the  rad  which  lies  between 
the  sine  and  the  center  of  the  circle.  It 
is  always  eqaal  to  (he  sine  y  a  of  the 
eomptefaeBt  t  c  a  of  acb;  or  of  what  a 
e  b  wants  ta  betiig^M<>.  The  prefix  co  be> 
fore  sines,  Ac,  me&ua  comptomeut ;  thus, 
cosine  means  sine  of  the  complement. 

irerse<l  si n e  «  6  of  any  angle 

a  e  b.  ia  that  part  of  the  diam  which  lies 
between  the  sine,,  and  the  outer  end  b. 
It  is  very  common,  hat  erroneous,  when 
speaking  of  bridges,  Ac,  to  call  the  rise 
or  height  •  b  of  a  circular  arch  a  6  n,  its 
rersed  sine;  w  hiie  it  is  aotually  the  versed 
sineofooly  half  the  arch.  This  absurdity 
sbonld  cease;  for  the  word  rise  or  height 
Is  not  only  moreezpressive,but  is  correct. 

TttUK^it  tbworad,  of  any  angle 

a  c  b,  is  a  line  drawn  from,  and  at  right 
aagles  to,  the  end  b  or  a  of  either  rad  c  b, 
ur  e  «,  which  forms  one  of  the  leges  of  the 
angle ;  and  terminating  as  at  to.  or  d.  In 
the  prolongation  of  the  rad  which  forms 
the  other  leg.  This  last  rad  thus  pro- 
longed, that  is.  e  tc,  or  c  d,  aa  the  case  may 

be,  is  the  seeaut  of  the  angle 

« e b.    Tbe  angle  teb  being  supposed 


V 

Y 

t     ^/ 

d 

V 

^"^^-Yr 

z 

if 

0/ 
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to  be  equal  to  Vfi,  the  angle  tea  becomes  tbe  complement  of  the  angle  a  e  b,  or  what  ach  wants 
of  being  90° ;  and  the  sine  y  a  of  this  complement ;  its  versed  sine  (  y ;  its  tangent  (  o ;  and  its  secant 
c  0,  are  respectively  the  co-sine,  co-versed  sine;  co-tangent;  and  co^secant.  of  the  angle  acb.    Or, 


vice  versa,  the  sine,  Ac,  of  ach,  are  the  cosine,  Ac,  of  tea;  because  the  angle  a  e  b  is  the  comple- 
ment of  ttie  angle  tea.  When  the  rad  c  b,  c  a,  or  c  (,  is  assumed  to  be  equal  to  unity,  or  1,  the  cor- 
responding sines,  tangents,  Ac,  are  called  natural  ones ;  and  their  several  lengths'fordiff  angles, 
for  said  rad  of  unity,  have  been  calculated :  constituting  the  well-known  tables  of  nat  sines,  Ac.  In 
any  circle  whose  rad  is  either  larger  or  smaller  than  1,  the  sines,  Ac,  of  the  angles  will  be  in  the 
same  proportiou  larger  or-smaller  than  those  in  the  tables,  and  are  consequently  found  by  mult  the 
sine,  «c,  of  the  Ubie.  by  said  larger  or  smaller  rad. 

The  followtngr  table  of  naf  aral  sines.  Ac.  does  not  coDtain  nat 
Tersecl  sines,  co-versed  sines,  secants,  nor  cosecants,  but  tbese  may  be  found  tbus ; 
for  any  angle  not  exceeding  90  degrees. 

Fersecl  5Sn«.    From  1  take  the  nat  cosine. 

Co-veraed  Sine.    From  1  Uke  the  nat  sine. 

Stseant.    Divide  1  by  the  nat  cosine. 

Ooaecant.  Divide  1  by  the  nat  sine. 
F«r  ABg^eA  exeeedlnfl;  90°  t  to  find  the  sine,  cosine,  tangent,  cotang.  .oeoant.  or  cosec,  (but  not 
tbe  versed  sine  or  oo-versedsine),  Uke  the  angle  from  180° :  if  between  180°  and  270°  talte  180°  from 
the  angle :  if  bet  270°  and  360°,  take  the  angle  from  360°.  Theu  in  each  case  Uke  from  the  UbIe  the 
sine,  cosine,  Ung.  or  cotang  of  tbe  remainder.  Find  its  Kccant  or  cosec  as  directed  above.  /Vm-  the 
wenedeine;  if  between  90'' and  370°,  add  cosine  to  1 ;  if  bet  270°  and  360°,  take  cosine  from  1.  (The 
esgineer  seldom  needs  sines,  Ac,  exceeding  180°. 

To  And  tlie  nat  sine,  cosine,  tanv,  secant,  versed  sine,  Ac, 
•r  an  anflrle  containing  seconds.    First  find  that  due  to  the  given  deg 

and  min  ;  then  the  next  greater  one.     Take  their  diff.     Then  as  60  Kec  are  to  this  dtff,  so  are  the  sec 

only  of  the  given  angle  to  a  dec  quantity  to  be  added  to  the  one  first  taken  out 
if  it  is  a  sine,  tang,  secant,  <fcc ;  or  to  be  subtracted  from  it  if  it  is  a  cosine, 
cotang,  cosecant,  <&c. 

The  tauMrents  in  the  table  are  strict  tri|;:ononietrical  ones ;  that  is, 
tangents  to  given  angles;  and  which  most  extend  to  meet  the  secants  of  the  angles 
to  which  they  belong.  Ordinary,  or  freometrical  tangents,  as  those  oil 
p  124,  may  extend  as  far  as  we  please.  In  the  field  practice  of  railroad 
cnr%'es«  two  trigonometrical  tangents  terminate  where  they  meet  each  other. 
Each  of  these  tangs  is  the  tang  of  half  the  curve.  It  is  usually,  but  improperly, 
called  "  »lie  tang  of  the  curve,'*  "Apex  (list  of  the  curve,"  as  suggested  by  Mr 
Shank,  would  be  better. 
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The  table  of  ehords^  below,  furnishes  the  means  of  laying  down  angles  on 
paper  more  accnnitely  than  by  an  ordinary  protractor.  To  do  this,  after  having  drawn 
and  measured  the  fii-st  side  (say  a  c)  of  the  figure  that  is 

lo  be  plotted;  from  its  end  c  as  a  center,  describe  an  arc  n ^ 

njr  of  a  circle  of  sufficient  extent  to  subtend  the  angle  at 
that  point.  The  rad  en  with  which  the  arc  is  described 
should  be  as  great  as  convenience  will  permit ;  and  it  is  to 
be  assamed  as  unity  or  1 ;  and  must  be  decimally  divided, 
and  subdivided,  to  be  used  as  a  scale  for  laying  down  the 
chords  taken  from  the  table,  in  which  their  lengths  are 
given  in  parts  of  said  rad  1.  Having  described  the  arc,  find 
in  the  table  the  length  of  the  chord  nt  correspondine  to 
ths  angle  act.  Let  us  suppose  this  angle  to  be  4b°;  then 
we  find  that  the  tabular  chord  is  .7654  of  our  rad  1.  There- 
fore from  n  we  lay  off  the  chord  n  t,  equal  to  .7654  of  our  radius-scale ;  and  the  line 
es  drawn  through  the  point  t  will  form  the  reqd  angle  act  of  45°.  And  so  at  each 
angle.  The  degree  of  accuracy  attained  will  evidently  depend  on  the  length  of  the 
rad,  and  the  neatness  of  the  drafting.  The  method  becomes  preferable  to  the  com- 
mon protractor  in  proportion  as  the  lengths  of  the  sides  of  the  angles  exceed  the  rad 
<^  the  protractor.  With  a  protractor  of  4  to  6  ii^s  rad,  and  with  sides  of  angles  not 
much  exceeding  the  same  limits,  the  protractor  will  usually  be  preferable.  The  di- 
viders in  boxes  of  instruments  are  rarely  fit  for  accurate  arcs  of  more  than  about  6 
ins  diam.  In  practice  it  is  not  necessary  to  actually  describe  the  whole  arc,  but 
merely  the  portion  near  t,  as  well  as  can  be  judged  by  eye.  We  thus  avoid  much  use 
of  the  Indiarrubber,  and  dulling  of  the  pencil-point.  For  lai^er  radii  we  may  dis- 
pense with  the  dividers,  and  use  a  straight  strip  of  paper  with  the  length  of  the  rad 
marked  on  one  edge ;  and  by  laying  it  from  c  toward  «,  and  at  the  same  time  placing 
another  strip  (with  one  edge  divided  to  a  radius-scale)  from  n  toward  f,  we  can 
by  trial  find  their  exact  point  of  intersection  at  the  required  point  t.  Tn  such  mat- 
ters, practice  and  some  ingenuity  are  very  essential  to  satisfactory  results.  We  can- 
not devote  more  space  to  the  subject. 


CHOEDS  TO  A  EADIUS  1. 
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40 
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70 

8° 

90 

10° 

M. 

0* 

.0000 

.0175 

.0349 

.0324 

.0698 

.0872 

.1047 

.1221 

.1395 

.1569 

.1743 

0' 

.0006 

.0180 

.0355 

.0329 

.0704 

.0878 

.1053* 

.1227 

.1401 

.1575 

.1749 

a 

.0012 

.0186 

.0361 

.0535 

.0710 

.0884 

.1058 

.1238 

.1407 

.1581 

.1755 

4 

.0017 

.0192 

.0366 

.0341 

.0715 

.0890 

V.1064 

.12;J8 

.1413 

.1587 

.1761 

6 

.0023 

.0198 

.0372 

v0547 

.0721 

.0896 

.1070 

.1244 

.1418 

.1592 

.1766 

8 

10 

.0029 

.0204 

.0378 

.0553 

.0727 

.0901 

.1076 

.1250 

.1424 

.1598 

.1772 

10 

11 

.0035 

.0209 

.0384 

.0558 

.0733 

.0907 

.1082 

.1236 

.1430 

.1604 

.1778 

12 

H 

.0041 

.0215 

.0390 

.0564 

.0739 

.0913 

.1087 

.1262 

.1436 

.1610 

.1784 

14 

Iff 

.0047 

.0221 

.0396 

.0370 

.6745 

.0»19 

.1093 

.1267 

.1442 

.1616 

.1789 

16 

IB 

.0052 

.0227 

.0101 

.0376 

.0750 

.0925 

.1099 

.1273 

.1447 

.1621 

.1795 

18 

90 

.0058 

.0233 

.0407 

.0582 

.0756 

.0931 

.1103 

.1279 

.1453 

.1627 

.1801 

20 

n 

.0054 

.0239 

.0413 

.0588 

.0762 

.0936 

.1111 

.1285 

.1459 

.1638 

.1807 

22 

24 

.0070 

.0244 

.0419 

.0393 

.0768 

.0942 

.1116 

,1291 

.1465 

.1639 

.1813 

24 

Vi 

.007B 

.0--K0 

.0425 

.0393 

.0774 

.0948 

.1122 

.1296 

.1471 

.1645 

.1818 

26 

28 

.0081 

.0236 

.0430 

.0605 

.0779 

.0954 

.1128 

,1302 

.1476 

.1650 

.1824 
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.0067 

.0262 

.0436 

.0611 

.0785 

.0960 

.1134 

.1308 

.1482 

.1656 

.1830 

80 
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.0093 

.0268 

.0442 

.0617 

.0791 

.0965 

.1140 

.1314 

.1488 

.1662 

.1886 
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.0099 

.0273 

.0448 

.0622 

.0797 

.0971 

.1146 

.1320 

.1494 

.1668 

.1842 

84 

36 

.0105 

.0279 

.0454 

.06^8 

.0803 

.0977 

.1151 

.1825 

.1500 

.1674 

.1847 

36 

38 

.0111 

.0285 

.0460 

.0634 

.0808 

.0983 

.1157 

.1881 

.1505 

.1879 

.1853 

88 

40 

.0116 

.0291 

.om 

.0640 

.0814 

.0989 

.1163 

.1337 

.1511 

.1685 

.1859 

40 

42 

.0122 

.0297 

.0471 

.0646 

.0820 

.0994 

.1169 

.1843 

.1517 

.1691 

.1865 

42 

44 

.0128 

.0303 

.oin 

.0651 

.0826 

.1000 

.1175 

.1849 

.1523 

.1697 

.1871 

44 

4« 

.0134 

.0308 

.0483 

.0657 

.08.32 

.1006 

.1180 

.1355 

.1.529 

.1703 

.1876 

46 

48 

.0140 

.0314 

.0489 

.0663 

.08.38 

.1012 

.1186 

.1860 

.1.534 

.1708 

.1882 

48 

SO 

.0146 

.0320 

.0494 

.0669 

.0843 

.1018 

.1192 

.1366 

.1540 

.1714 

.1888 

60 

52 

.0151 

.0326 

.0500 

.0675 

.0849 

.1023 

.1198 

.1872 

.1546 

.1720 

.1894 

52 

54 

.0157 

.0332 

.0506 

.0681 

.08% 

.1029 

.1204 

.1.878 

.1552 

.1726 

.1900 

54 

M 

.0168 

.0337 

.0512 

.0686 

.0861 

.1035 

.1209 

.1.S84 

.1568 

.1732 

.1905 

56 

58 

.0169 

.0343 

.0518 

.0692 

.0867 

.1041 

.1215 

.1889 

.1.5K3 

.1787 

.1011 

68 

•0 

.0175 

.0349 

.0524 

.0696 

.0872 

.1047 

.1221 

.1396 

.1669 

.1743 

.1917 

60 
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M. 

11° 

12° 

13° 

14° 

15° 

16° 

17° 

18° 

19° 

20° 

M. 

0' 

.1917 

.2091 

.2264 

.2437 

.?61l 

.2783 

.2956 

.3129 

.3301 

.3473 

0' 

2 

.1923 

.2096 

.2270 

.2443 

.2616 

.2789 

.2%2 

.3134 

.3307 

.8479 

4 

.1928 

.2102 

.2276 

.2449 

.2622 

.2795 

.2968 

.3140 

.3312 

.3484 

6 

.1934 

.2108 

.2281 

.2455 

.2628 

.2801 

.2973 

.3146 

.3318 

.3490 

8 

.1940 

.2114 

.2287 

.2460 

.2634 

.2807 

.2979 

.8152 

.3324 

.3496 

10 

.1946 

.2119 

.2293 

.2466 

.2639 

.2812 

.2985 

.3157 

.3330 

.3502 

10 

12 

.1952 

.2125 

.2299 

.2472 

.2645 

.2818 

.2991 

.8163 

.3335 

.3507 

12 

14 

.1957 

.2131 

.2305 

.2478 

.2651 

.2824 

.2996 

.8169 

.3841 

.3618 

1^ 

16 

.1963 

.2137 

.2310 

.2484 

.2657 

.2830 

.3002 

.8175 

.8347 

.3619 

16 

18 

.1969 

.2143 

.2316 

.2489 

.2662 

.2835 

.8180 

.3353 

.3625 

18 

20 

.1975 

.2148 

.2322 

.2495 

.2668 

.2841 

.3014 

.8186 

.8368 

.8680 

20 

22 

.1981 

.2154 

.2328 

.2501 

.2674 

.2847 

.3019 

.3192 

.8864 

.8536 

22 

M 

.1986 

.2160 

.2333 

.2507 

.2680 

.2853 

.3025 

.3198 

.3870 

.3642 

24 

26 

.1992 

.2166 

.2339 

.2512 

.2685 

.2858 

.3031 

.3203 

.8376 

.3647 

» 

28 

.1998 

.2172 

.2345 

.2518 

.2691 

.2864 

.8037 

.3209 

.8381 

.3563 

98 

80 

.2004 

.2177 

.2351 

.2524 

.2697 

.2870 

.8042 

.3215 

.8887 

.8669 

SO 

32 

.2010 

.2183 

.2357 

.2530 

.2703 

.2876 

.3048 

.3221 

.3393 

.8665 

32 

34 

.2015 

.2189 

.2362 

.2536 

.2709 

.2881 

.3054 

.8226 

.8398 

.3670 

84 

36 

.2021 

.2195 

.2368 

.2541 

.2714 

.2887 

.8060 

.3232 

.3404 

.3576 

M 

88 

.2027 

.2200 

.2374 

.2547 

.2720 

.2898 

.3065 

.3238 

.8410 

.3582 

88 

40 

.2033 

.2206 

.2380 

.2553 

.2726 

.2889 

.8071 

.8244 

.8416 

..H687 

40 

42 

.2038 

.2212 

.2385 

.2559 

.2732  • 

.2904 

.3077 

.3249 

.3421 

.3593 

42 

44 

.2044 

.2218 

.2391 

.2564 

.2737 

.2910 

.3088 

.8256 

.8427 

.3598 

44 

46 

.2050 

.2224 

.2397 

.2570 

.2743 

.2916 

.3088 

.3261 

.8483 

.8606 

4« 

48 

.2056 

.2229 

.2103 

.2576 

.2749 

.2922 

.8094 

.3267 

.8439 

.3610 

48 

60 

.2062 

.2235 

.2109 

.2582 

.2756 

.2927 

.8100 

.3272 

.3444 

.3616 

60 

52 

.2067 

.2241 

.2414 

.2587 

.2760 

.2933 

.3106 

.8278 

.8450 

.3622 

61 

54 

.2073 

.2247 

.2420 

.2593 

.2766 

.2939 

.3111 

.8264 

.3466 

.8628 

M 

56 

.2079 

.2253 

.2426 

.2599 

.2772 

.2945 

.3117 

.3289 

.3462 

.3633 

66 

58 

.2085 

.2258 

.2432 

.2605 

.2778 

.2»&d 

.3123 

.8295 

.3467 

.8639 

58 

60 

.2091 

.2264 

.2437 

.2611 

.2783 

.2956 

.3129 

.3301 

.8473 

.3645 

eo 

M. 

21° 

22° 

23° 

24° 

25° 

26° 

27° 

28° 

2«° 

30° 

H. 

0' 

.3645 

.3816 

.3987 

.4158 

.4329 

.4499 

.4669 

.4«38 

.5008 

.5176 

0- 

2 

.3650 

.3822 

.3993 

.4164 

.4334 

.4505 

.4675 

.4844 

.5013 

.5182 

2 

4 

.3656 

.3828 

.3999 

.4170. 

.4340 

.4510 

.4680 

.4850 

.6019 

.6188 

4 

6 

.3662 

.3833 

.4004 

.4175 

.4346 

.4516 

.4686 

.4856 

.5024 

.5198 

II 

8 

.3668 

.3839 

.4010 

.4181 

.4342 
.4^7 

.4522 

.4692 

.4861 

5030 

.6199 

8 

10 

.3673 

.3845 

.4016 

.4187 

.4527 

.4697 

.4867 

.5036 

.6204 

10 

12 

.3679 

.3850 

.4022 

.4192 

.4363 

.4538 

.4703 

.4872 

.5041 

.5210 

12 

14 

.3686 

.3856 

.4027 

.4198 

.4369 

.4539 

.4708 

.4878 

.5047 

.6216 

U 

16 

.3690 

.3862 

.4033 

.4204 

.4374 

.4544 

.4714 

.4884 

.5053 

J1221 

16 

18 

.3696 

.3868 

.4039 

.4209 

.4.380 

.4550 

.4720 

.4889 

.5058 

.5227 

18 

20 

.3702 

.3873 

.4044 

.4215 

.4386 

.4556 

.4725 

.4895 

.5064 

.5283 

20 

22 

.3708 

.3879 

.4050 

.4221 

.4391 

.4561 

.4731 

.4901 

.8070 

.6238 

22 

24 

.3713 

.3885 

.4056 

.4226 

.4397 

.4567 

.4737 

.4906 

.6075 

.6244 

24 

26 

.3719 

.3890 

.4061 

.4232 

.4403 

.4573 

.4742 

.4912 

.5081 

.5249 

?fl 

28 

.3725 

.3896 

.4067 

.4238 

.4408 

.4578 

.4748 

.4917 

.5086 

.5266 

W 

30 

.3730 

.3902 

.4073 

.4244 

.4414 

.4584 

.4754 

.4923 

.6092 

.6261 

80 

32 

.3736 

.3908 

.4079 

.4249 

.4430 

.4590 

.4759 

.4929 

.5098 

.5266 

82 

34 

.3742 

.3913 

.4084 

.4255 

.4425 

.4595 

.4765 

.4934 

.5103 

.5272 

84 

36 

.3748 

.3919 

.4090 

.4261 

.4431 

.4601 

.4771 

.4940 

.5109 

J>277 

86 

38 

.3753 

.3925 

.4096 

.4266 

.4437 

.4607 

.4776 

.4946 

.6116 

.6288 

88 

40 

.3759 

.3930 

.4101 

.4272 

.4442 

.4612 

.4782 

.4951 

.6120 

.6289 

40 

42 

.3765 

..3936 

.4107 

.4278 

.4448 

.4618 

.4788 

.4957 

.5126 

.6294 

42 

44 

.3770 

..3942 

.4113 

.4283 

.4454 

.46-24 

.4798 

.4963 

.513V 

.6300 

44 

46 

.3776 

.3947 

.4118 

.4289 

.44.59 

.4629 

.47f9 

.4968 

.6187 

.6306 

46 

4M 

.8782 

.8953 

.4124 

.4298 

.4465 

.46.35 

.4806 

.4974 

.8143 

.6311 

<8 

50 

.3788 

.3959 

.4130 

.4300 

.4471 

.4641 

.4810 

.4979 

.6148 

.5817 

60 

52 

.3793 

.3965 

.4135 

.4.306 

.4476 

.4646 

.4816 

.4986 

.5154 

.5322 

62 

54 

.3799 

.8970 

.4141 

.4312 

.4482 

.4652 

.4822 

.4991 

.5160 

.6328 

54 

56 

..S805 

.8976 

.4147 

.4317 

.4488 

.46.58 

.4827 

.4996 

.6166 

.6384 

66 

68 

..SSIO 

.3982 

.4158 

.4323 

.4493 

.4663 

.4838 

.6002 

.6171 

.6.339 

68 

60 

.3816 

.3987 

.4158 

.4329 

.4499 

.4669 

.4838 

.5008 

.6176 

.6346 

60 
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-.1 

Sl° 

82° 

SSO 

84° 

85° 

360 

ar> 

38° 

B^ 

40° 

M. 

0' 

.6346 

.5513 

.5680 

.5847 

.6014 

.6180 

.6346 

.6511 

.6676 

.6840 

0 

'1 

.5360 

.5518 

.5686 

.6858 

.6020 

.6186 

Mb'i 

.6517 

.6682 

.6846 

2 

A 

.6356 

.5524 

.5691 

.5859 

.6025 

.6191 

.8357 

.6622 

.6687 

.ttrtal 

4 

A 

.6362 

.5630 

.5697 

.5864 

.6031 

.6197 

.6363 

.6628 

.6693 

.6857 

0 

H 

.6367 

5536 

.5703 

.5870 

.6036 

.6202 

.6368 

.6633 

.6698 

.6862 

8 

10 

.63T8 

.5541 

.5708 

.5876 

.6042 

.6208 

.6374 

.6639 

.6704 

.6868 

10 

12 

.6378 

.5546 

.5714 

.5881 

.6047 

.6214 

.6379 

.6544 

.6709 

.6873 

12 

U 

.6384 

.5563 

.5719 

.6886 

.6068 

.6219 

.6385 

.6660 

.6715 

.6879 

U 

W 

.6800 

.5557 

.6736 

.5803 

.6058 

.6225 

.6390 

.6666 

.6720 

.6884 

16 

IH 

.6306 

.6568 

.6780 

.689? 

.6064 

.6230 

.6396 

.6661 

.6725 

.6880 

18 

» 

.6401 

.6560 

.6786 

.6808 

.6070 

.6236 

.6401 

.6666 

.6731 

.6895 

20 

n 

.5406 

.8674 

.6743 

.6000 

.6075 

.6241 

.6407 

.6572 

.6786 

.6901 

23 

M 

^11 

.5680 

.6747 

.5914 

.6081 

.6247 

.6412 

.6677 

.6742 

.6906 

24 

M 

.6418 

.6586 

.6758 

.5930 

.6086 

.6252 

.6418 

.6688 

.6747 

.6911 

38 

SR 

.6433 

.6601 

.6758 

.69i6 

.6003 

.6258 

.6423 

.6588 

.6753 

.6917 

28 

90 

.643* 

.59tT 

.6764 

.6931 

.6097 

.6263 

.6429 

.6694 

.6758 

.6922 

80 

S3 

.6434 

.5603 

.6709 

.69.^ 

.6108 

.6269 

.6434 

.6589 

.6764 

.6928 

32 

34 

.6440 

.5608 

.6775 

.6»43 

.6108 

.6274 

.6606 

.6769 

.6933 

34 

M 

.6446 

.6618 

.5781 

.594T 

.6114 

.6280 

.6445 

6610 

.6776 

.6939 

36 

88 

.6461 

.5619 

.6786 

.5968 

.6119 

.6286 

.6451 

.6616 

.6780 

.6944 

88 

40 

.6467 

.6636 

.6793 

.5950 

.6125 

.6291 

.6456 

.6621 

.6786 

.6960 

40 

42 

.6462 

.5680 

.5797 

.5064 

.6180 

.6296 

.6462 

.8627 

.6791 

.6955 

42 

44 

.6468 

.5636 

.6806 

.5970 

.6136 

.6302 

.6167 

.6632 

.6797 

.6961 

44 

4« 

.6474 

.6641 

.5808 

.5976 

.6142 

.6307 

.6473 

.6638 

.6802 

.6966 

46 

48 

.6479 

.5647 

.6814 

.5881 

.6147 

.6318 

.6478 

.0643 

.6808 

.6971 

48 

60 

JW85 

.5653 

.6820 

.5086 

.6153 

.6318 

.6484 

.6649 

.6818 

.6977 

60 

53 

.6400 

.5658 

.6826 

.6893 

.6168 

.6324 

.6489 

.6654 

.6810 

.6982 

52 

64 

.6486 

.5664 

.6881 

.5997 

.6164 

.6330 

.6495 

.6660 

.6824 

.6988 

64 

U 

.6502 

.5669 

.6838 

.6008 

.6169 

.6335 

.6500 

.6666 

.6829 

.6998 

56 

68 

.6607 

.5676  . 

.6843 

.0009 

.6175 

.6341 

.6506 

.6671 

.68.35 

.6999 

58 

00 

.6618 

.6680 

.5847 

.6014 

.6180 

.6316 

.6511 

.6676 

.6840 

.7004 

00 

M. 

410 

48° 

48P 

440 

49> 

4«o 

*r> 

4^0 

4«o 

5#o 

M. 

0' 

.7004 

.7167 

.7880 

.7492 

.7654 

.7815 

.7975 

.8135 

.8294 

.8452 

0' 

2 

.7010 

.7178 

.7836 

.7498 

.7659 

.7820 

.7980 

.8140 

.8299 

.8458 

3 

4 

.7016 

.7178 

.7841 

.7508 

.7664 

.7825 

.7986 

.8145 

.8304 

.8463 

4 

6 

.7020 

.7184 

.7346 

.7508 

.7670 

.7831 

.7991 

.8151 

.8310 

.8468 

6 

8 

.7026 

.7180 

.7862 

.7614 

.7676 

.7836 

.7996 

.8156 

.8315 

.8473 

8 

10 

.7031 

.7196 

.7367 

.7619 

.7681 

.7841 

.8002 

.8161 

.8320 

.8479 

10 

12 

.7087 

.7900 

.7862 

.7624 

.7686 

.7847 

IS012 

.8167 

.8326 

.8484 

12 

14 

.7042 

.7206 

.7368 

.7530 

.7691 

.7852 

.8172 

.8331 

.8489 

14 

16 

.7048 

.7211 

.7378 

.7686 

.7697 

.7857 

.8018 

.8177 

.8336 

.8495 

16 

18 

.7058 

.7216 

.7379 

.7641 

.7702 

.7863 

.8023 

.8183 

.8341 

.8500 

18 

90 

.7050 

.7222 

.7384 

.7546 

.7707 

.7868 

.8028 

.8188 

.8347 

.8505 

20 

23 

.7064 

.7227 

.7390 

.7551 

.7713 

.7873 

.8034 

.8193 

.8352 

.8510 

22 

34 

.7068 

.7232 

.7396 

.7567 

.7718 

.7879 

.8039 

.8198 

.8357 

.8516 

24 

16 

.7075 

.7238 

.7400 

.7562 

.7723 

.7884 

.8044 

.8204 

.8363 

.8521 

26 

88 

.7080 

.7243 

.7406 

.7568 

.7729 

.7890 

.8050 

.8209 

.8368 

.8528 

28 

M 

.7086 

.7240 

.7411 

.7578 

.7734 

.7896 

.8055 

.8214 

.8373 

.8531 

30 

82 

.7081 

.7»4 

.7417 

.7578 

.7740 

.7900 

.8060 

.8220 

.8378 

.8537 

82 

84 

.7007 

.7960 

.7423 

.7584 

.7745 

.7906 

.8066 

.8225 

.8384 

.8542 

34 

.36 

.7102 

.7266 

.7427 

.7589 

.7750 

.7911 

.8071 

.8230 

.8389 

.K>47 

36 

88 

.7108 

.7270 

.7438 

.7596 

.n56 

.7916 

.8076 

.8236 

.8394 

.8552 

9f. 

40 

.7118 

.7276 

.7488 

.7600 

.n6i 

.7922 

.8082 

.8241 

.8400 

.8558 

40 

42 

.7118 

.7281 

.7448 

.7605 

.7766 

.7927 

.8087 

.8246 

.8405 

.8563 

42 

44 

.7124 

.7;i87 

.7449 

.7611 

.7772 

.7932 

.8092 

.8251 

.8410 

.8568 

44 

46 

.7120 

.7282 

.7454 

.7616 

.7777 

.7938 

.8257 

.8415 

.8573 

46 

48 

.7185 

.7298 

.7460 

.7621 

.7782 

.7943 

.8103 

.8262 

.8421 

.8579 

48 

50 

.7140 

.7808 

.7466 

.7627 

.7788 

.7948 

.8108 

.8267 

.8426 

.8584 

50 

62 

.7146 

.7308 

.7471 

.7632 

.7793 

.7964 

.8113 

.8273 

.8431 

.8589 

.W 

64 

.7161 

.7314 

.7476 

.7638 

.7799 

.7959 

.8119 

.8278 

.8487 

.8594 

54 

66 

.7156 

.7319 

.7481 

.7643 

.7804 

.7964 

.8124 

.8283 

.8442 

.8600 

66 

68 

.7162 

.7825 

.7487 

.7648 

.7800 

.7970 

.8129 

.8289 

.8447 

.8605 

58 

60 

.7167 

.7880 

.7492 

.7664 

.7816 

.7975 

.8186 

.8294 

.8463 

.8610 

60 
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M. 

51° 

58° 

53° 

54° 

55° 

56° 

57° 

58° 

59° 

60° 

M. 

0- 

4 
6 

8 
10 

.8610 
.8616 
.8621 
.8626 
.8631 
.8636 

.8767 
.8773 
.8778 
.8783 
.8788 
.8794 

.8924 
.8929 
.8934 
.8940 
.8945 
.8950 

.9080 
.9085 
.9090 
.9095 
.9101 
.9106 

.9235 
.9240 
.9245 
.9250 
.9256 
.9261 

.9389 
.9395 
.9400 
.9405 
.9410 
.9416 

.9543 
.9548 
.9563 
.9659 
.9664 
.9569 

.9696 
.9701 
.9706 
.9711 
.9717 
.9722 

.9848 
.9854 
.9869 
.9664 
.9869 
.9874 

1.0000 
1.0005 
1.0010 
1.0016 
1.0020 
1.0028 

0' 
2 
4 
6 
8 
10 

U 
U 
16 
18 
20 

.8642 
.8647 
.8652 
.8657 
.8663 

8799 
8804 
8809 
8814 
8820 

.8955 
.8960 
.8966 
.8971 
.8976 

.9111 
.9116 
.9121 
.9126 
.9182 

.9266 
.9271 
.9276 
.9281 
.9287 

.9420 
.9425 
.9430 
.9436 
.9441 

.9574 
.9679 
.9584 
.9689 
.9594 

.9727 
.9782 
.9787 
.9742 
.9747 

.9879 
.9884 
.9889 

!9699 

1.0080 
1.0085 
1.0040 
1.0045 
1.0060 

12 
14 
16 
18 
20 

22 
24 
2tf 
28 
SO 

.8668 
.8673 
.8678 
.8684 
.8689 

8825 
8830 
8835 
8841 
8846 

.8981 
.8986 
.8992 
.8997 
.9002 

.9137 
.9142 
.9147 
.9152 
.9167 

.9292 
.9297 
.9302 
.9307 
.9812 

.9446 
.9451 
.9466 
.9461 
.9466 

.9599 

.9604 
.9610 
.9615 
.9620 

.9752 
.9757 
.9762 
.9767 
.9772 

.9904 
.9900 

.9914 
.9919 
.9924 

1.0066 
1.0060 
1.0066 
1.0070 
1.0076 

2S 
24 
26 

n 

32 
34 
36 
88 
40 

.8694 
.8699 
.8705 
.8710 
.8716 

8851 
8856 
8861 
8867 
8872 

.9007 
.9012 
.9018 
.9023 
.9028 

.9168 
.9168 
.9173 
.9178 
.9188 

.9317 
.9328 
.9828 
.9833 
.99(38 

.9472 
.9477 
.9482. 
.9487 
.9492 

.9625 
.9630 
.9685 
.9640 
.9646 

.9778 
.9783 
.9788 
.9798 
.9798 

.9929 
.9984 
.9989 
.9946 
.9960 

1.0080 
1.0066 
1.0061 
1.0006 
1.0101 

S2 
84 

86 
38 
40 

42 
44 
46 
48 
60 

.8720 
.8726 
.8731 
.8736 
.8741 

8877 
8882 
8887 
8893 
8898 

.90.H3 
.9038 
.9044 
.9049 
.9054 

.9188 
.9194 
.9199 
.9204 
.9209 

.9343 
.9348 
.9353 
.9369 
.9364 

.9497 
.9502 
.9507 
.9512 
.9518 

.9650 
.9665 
.9661 
.9666 
.9671 

~!9676 
.9681 
.9686 
.9691 
.9696 

.9803 
.9808 
.9818 
.9818 
.9628 

.9828 
.9838 
.9638 
.9848 
.9648 

.9966 
.9960 
.9966 
.9970 
.9976 

.9980 
.9986 
.9990 

1.0106 
1.0111 
1.0116 
1.0121 
1M» 

1.0181 
1.0186 
1.0141 
1.0146 
1.0161 

4S 
44 

46 

48 
60 

52 
64 
66 
68 
60 

.8747 
.8762 
.8757 
.8762 
.8767 

8903 
8908 
8914 
8919 
8924 

.9069 
.9064 
.9069 
.9075 
.9080 

.9214 
.9219 
.9225 
.9230 
.9235 

.9369 
.9374 
.9379 
.9384 
.9389 

.9523 
.9628 
.9638 
.9538 
.9548 

69 
54 

50 

68 
00 

M. 

61° 

62° 

68° 

64° 

65° 

66° 

67° 

68P 

60° 

70° 

M. 

0 

1.0151 

1.0301 

1.0460 

1.0598 

1.0746 

1.0893 

1.1039 

1.1184 

1.1328 

1.1472 

0- 

2 

1.0156 

1.0306 

1.0455 

1.0603 

1.0751 

1.0898 

1.1044 

1,1189 

1.1333 

1.1476 

8 

4 

1.0161 

1.0311 

1.0460 

1.0608 

1.0766 

1.0908 

14048 

1.1194 

1.1388 

1.1481 

4 

6 

1.0166 

1.0316 

1.0466 

1.0618 

1.0761 

1.0907 

1.1053 

1.1198 

1.1842 

1.1486 

6 

8 

1.0171 

1.0321 

1.0470 

1,0618 

1.0766 

1.0912 

1.1058 

1.1203 

1.1847 

1.1491 

8 

10 

1.0176 

1.0326 

1.0475 

1.0628 

1.0771 

1.0917 

1.1063 

1.1208 

1.1862 

1.1496 

10 

12 

1.0181 

1.0331 

1.0480 

1.062a 

i.oesT 

1.0775 

1.0922 

1.1066 

1.1218 

1*1867 

1.1600 

12 

14 

1.0186 

1.0336 

1.0485 

1.0780 

1.0927 

1.1078 

1.1218 

1.1862 

1.1605 

14 

16 

1.0191 

1.0341 

1.0490 

1.0638 

1.0785 

1.0932 

1.1078 

1.1222 

1.1806 

1.1610 

16 

18 

1.0196 

1.0346 

1.0495 

1.0643 

1.0790 

1.0937 

1.1082 

1.1227 

1.1871 

1.1614 

18 

20 

1.0201 

1.0351 

1.0500 

10648 

1.0795 

1.0942 

1.1087 

1.1282 

1.1876 

1.1619 

20 

22 

1.0206 

1.0356 

1.65i4 

1.0653 

1.0800 

1.0946 

1.1092 

1.1237 

1.1381 

1.1624 

22 

2i 

1.0211 

1.0361 

1.0509 

1.0658 

1.0805 

1.0961 

1.1097 

1.1242 

1.1886 

1.1629 

24 

26 

1.0216 

1.0366 

1.0614 

1.0662 

1.0610 

1.(956 

1.1102 

1.1246 

1.1890 

1.1683 

26 

28 

1.0221 

1.0370 

1.0519 

1.0667 

1.0R15 

1.0961 

1.1107 

1.1251 

1.1895 

1.1638 

28 

30 

1.0226 

1.0376 

1.0624 

1.0672 

1.0820 

1.0966 

1.1111 

1.1256 

1.1400 

1.1643 

30 

n 

1.0231 

l.a380 

1.0529 

1.0677 

1.0824 

1.0971 

1.1116 

1.1261 

1.1406 

1.1648 

82 

M 

1.0236 

1.0386 

1.0534 

1.0682 

1.0829 

1.0976 

1.1121 

1.1266 

1.1400 

1.1562 

34 

36 

1.0241 

1.0390 

1.0539 

1.0687 

1.0834 

1.0980 

1.1126 

1.1271 

1.1414 

1.1667 

36 

.SH 

1.0246 

1.0396 

1.0544 

1.0692 

1.0839 

1.0985 

1.1131 

1.1276 

1.1419 

1.1663 

88 

40 

1.0251 

1.0400 

1.0649 

1.0697 

1.0844 

1.0990 

1.1186 

1.1280 

1.1424 

1.1667 

40 

42 

1.0256 

1.0406 

1.0554 

1.0702 

1.0849 

1.0995 

1.1140 

1.1285 

1.1429 

1.1671 

42 

44 

1.0261 

1.0410 

1.0559 

1.0707 

1.0854 

1.1000 

1.1145 

1.1290 

1.1483 

1.1676 

44 

46 

1.0266 

1.0416 

10564 

1.0712 

1.0859 

1.1006 

1.1160 

1.1296 

1.1488 

1.1681 

46 

48 

1.0271 

.0420 

1.0569 

1.0717 

1.0863 

1.1010 

1.1166 

1.1299 

1.1448 

1.1686 

48 

60 

1.0276 

1.0425 

1.0574 

1.0721 

1.0868 

1.1014 

1.1160 

1.1304 

1.1448 

1.1690 

60 

62 

1.0281 

1.0430 

1.0579 

1.0726 

1.087.S 

1.1019 

1.1166 

1.1309 

1.1462 

1.1696 

52 

54 

1.0286 

1.0435 

1.0584 

1.0731 

1.0678 

1.1024 

1.1169 

1.1814 

1.1467 

1.1600 

54 

56 

1.0291 

1.0440 

1.0589 

1.0736 

1.0688 

1.1029 

1.1174 

1.1819 

1.1462 

1.1606 

66 

68 

1.0296 

1.0445 

1.0693 

1.0741 

1.0888 

1.1034 

1.1179 

1.1823 

1.1467 

1.1609 

68 

60 

1.0801 

1.0450 

1.0598 

1.0746 

1.0893 

1.1089 

1.1184 

1.1828 

1.147a 

1.1614 

00 
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Table  of  €liO>fds,  in  parts  of  a  rad  1 ;  for  protraetluff — Contiuiied. 


M. 

71° 

78° 

7SO 

74° 

75° 

76° 

77° 

78° 

79° 

80° 

M. 

1.1614 

1.1T58 

1.1896 

1.2036 

1.2175 

1.2313 

1.2450 

1.2586 

1.27-22 

1.2856 

~~V 

1.1619 

1.1780 

1.1901 

1.2041 

1.21H0 

1.2318 

1.'2455 

1.2591 

1.27'26 

1.2860 

2 

1.1624 

1.1765 

1.1906 

1.2046 

1.2184 

1.2322 

1.2459 

1.2595 

1.2731 

1.2865 

4 

1.1823 

1.1770 

1.1910 

1.2050 

1.2189 

1.2327 

1.2464 

1.2600 

1.2735 

1.-2869 

6 

1.1833 

1.1775 

1.1915 

1.2055 

1.2194 

l.*2332 

1.-2468 

1.-2604 

1.-2740 

1.2874 

8 

10 

1.1638 

1.1779 

1.1920 

1.2060 

1.2198 

1.2336 

1.2473 

1.-2609 

1.2744 

1.-2878 

10 

iT 

1.1642 

"l.l784 

1.1924 

1.2064 

1.2203 

1.-2341 

1.-2478 

1.2614 

1.2748 

1.2882 

12 

li 

1.1647 

1.1789 

1.1929 

1.2069 

1.2208 

1.2345 

1.2482 

1.-2618 

1.-2753 

1.2887 

14 

u 

1.1662 

1.1793 

1.1934 

1.2073 

1.2212 

1.-2350 

1.2487 

1.26-23 

1.2757 

1.2891 

16 

18 

1.1657 

1.1798 

1.1938 

1.2078 

1.2217 

1.2354 

1.2491 

1.2627 

1.2762 

1.2896 

18 

20 

1.1661 

1.1803 

1.1943 

1.2083 

1.2221 

1.2359 

1.7496 

1.2632 

1.2766 

1.2900 

20 

22 

1.1668 

1.1807 

1.1948 

1.2087 

1.2226 

1.2364 

1.3600 

1.2«36 

1.2771 

1.2905 

22 

2< 

1.1671 

1.1812 

1.1952 

1.2092 

1.2231 

1.2368 

1.2505 

1.2641 

1.2775 

1.2909 

24 

38 

1.1676 

1.1817 

1.1957 

1.2097 

1.2235 

1.-2373 

1.2509 

1.2845 

1  2780 

1.2914 

26 

28 

1.1680 

11821 

11962 

1.2101 

1.2240 

1.2377 

1.2614 

1.-2650 

1.2784 

1.2918 

18 

30 

1.1683 

1.1826 

1.1966 

1.2106 

1.2244 

1.-2382 

1.2518 

1.2654 

1.-2789 

1.2922 

30 

32 

1.1690 

1.1831 

1.1971 

1.2111 

1.2249 

1.2386 

1.2523 

1.2659 

1.2793 

1.2927 

32 

34 

1.160t 

1.1836 

1.1976 

1.2115 

1.2254 

1.2391 

1.-2528 

1.2663 

1.-2798 

1.2931 

34 

36 

1.1699 

1.1840 

1.1980 

1.2120 

1.2258 

1.2396 

1.2532 

1.2668 

1.2802 

1.2936 

86 

38 

1.1704 

1.1845 

1.1985 

1.2124 

1.2263 

1.-2400 

1.2537 

1.2672 

1.-2807 

1.29*0 

38 

40 

1.1709 

1.1850 

1.1990 

1.2129 

1.2267 

1.2405 

1.-2541 

1.-2677 

1.2811 

1.2945 

40 

42 

1.1713 

1.1854 

1.1994 

1.2134 

1.2272 

1.-2409 

1.2546 

1.2681 

1.-2816 

1.2949 

42 

44 

1.1718 

1.1859 

1.1999 

1.2138 

1.2277 

1.2414 

1.2550 

1.2686 

1.28-20 

1.2954 

44 

4e 

1.1723 

1.1864 

1.2004 

1.2143 

1.2281 

1.2418 

1.2555 

1.2690 

1.28-25 

1.2958 

46 

48 

1-1727 

1.1868 

1.2008 

1.2148 

1.2286 

1.24-23 

1.-2559 

1.2695 

l.-28'29 

1.2962 

48 

60 

1.1732 

1.1S73 

1.2013 

1.2152 

1.2290 

1.-2428 

1.2564 

1.-2699 

1.28.33 

1.2967 

60 

62 

1.1737 

1.1878 

1.2018 

1.2157 

1.2295 

1.-2432 

1.2568 

1.2704 

1.-2838 

1.2971 

"52* 

5t 

1.1742 

1.1S82 

1.2022 

1.2161 

1.2299 

1.-2437 

1.-2573 

1.-2708 

1.-2842 

1.2976 

54 

55 

1.1746 

1.188/ 

1.2027 

1.2166 

1.2301 

1.2441 

1.2577 

1.2713 

1.2847 

12980 

56 

58 

1.1751 

1.18T2 

1.2032 

1.2171 

1.2309 

1.2446 

1.-2582 

1.2717 

1.2851 

1.2985 

58 

«0 

1.1756 

1.1896 

i.aorut 

1.1175 

1.2313 

1.2450 

1.2586 

l.'27-22 

1.2856 

1.2989 

60 

M. 

810  1   83^ 

83° 

84° 

85° 

86° 

87° 

88° 

89°     M. 

"o- 

1.238» 

1.3121 

1.3252 

i.*ia3 

1.3512 

1.3640 

1.3767 

1.3893 

1.4018 

0' 

a 

1.2933 

1.3126 

1.3257 

1.3387 

1.3516 

1.3644 

1.3771 

1.3897 

1.4022 

1 

4 

1.2998 

1.3130 

1.3261 

1.3391 

1.3520 

1.3648 

1.3776 

1.3902 

1.4026 

4 

6 

1.3002 

1.3134 

1.3265 

1-3396 

1.3525 

1.3653 

1.3780 

1.3906 

1.4061 

« 

» 

1.3007 

1.3189 

1.3270 

1.3400 

1.3529 

1.3657 

1.3784 

1-3910 

14036 

8 

10 

1.3011 

1.3143 

1.3274 

1.3104 

1.3533 

1..3661 

1.3788 

1.3914 

1.4039 

10 

12 

1.3015 

1.3147 

1.8279 

1.3409 

1.3538 

1.3665 

1.3792 

1.3918 

1.4043 

12 

14 

1.3020 

1.3152 

1.328H 

1.3413 

1.3542 

1.3670 

1.8797 

1.3922 

1.4047 

14 

16 

1.3024 

13156 

1.3287 

1..3417 

1.354G 

1.3674 

1.3601 

1.3927 

1.4051 

16 

18 

1.3029 

1.3161 

1.3292 

1.3421 

1.3550 

1.3678 

1.3805 

13931 

1.4055 

18 

ao 

1.3033 

1.3165 

1.3296 

1.3426 

1.3555 

1.3682 

1.3809 

1.3935 

1.4060 

20 

» 

1.3038 

1.3169 

1.8300 

1.3430 

"1.3559 

1.3687 

1.3813 

4.3939 

1.4064 

17 

24 

1.3012 

1.3174 

1.3305 

1.3434 

1.8563 

1.3691 

1.8818 

1.3943 

1.4068 

24 

28 

1.3016 

1.3178 

1.3309 

1.3439 

1.3567 

1.3696 

1.3822 

1.3947 

1.4072 

26 

28 

1.3051 

1.3183 

1.3313 

1.3443 

1.3572 

1.3699 

1.3826 

1.3952 

1.4076 

28 

80 

1.3055 

1.3W7 

1.3318 

1.3447 

1.3576 

1.3704 

1.38.30 

1.3956 

1.4080 

30 

"sT 

1.8060 

1.3191 

1.3322 

1.3452 

1.3580 

1.3708 

1.3834 

1..3960 

1.4084 

IT 

54 

l..'Wfi4 

1.3196 

1.3326 

1.3156 

1.3585 

1.3712 

1.3839 

1.3964 

1.4089 

34 

36 

1.3068 

1.3230 
1.3204 

1.3331 

1.3460 

1.3589 

13716 

1.3843 

1.3968 

1.4093 

36 

38 

1.3073 

1.3335 

1.3465 

1.3593 

1.3721 

1.3847 

1.3972 

1.4097 

38 

40 

1.3077 

1.3209 

1.3339 

1.3469 

1.3597 

1.3725 

1.3851 

1.3977 

1.4101 

40 

"tt" 

1.3082 

1.3213 

1..'V144 

1.3173 

1.3602 

1.37-29 

1.3855 

1.3981 

1.4105 

42 

44 

1.3086 

1.3218 

1.3348 

1.3477 

1.3606 

1.3733 

1.3860 

1.3985 

1.4109 

44 

46 

1.30M 

1.3222 

1.3352 

1.3482 

1.3610 

1..3738 

1.3864 

1.3989 

1.4113 

46 

48 

IUt006 

1.3226 

1.3357 

1.3486 

1.36U 

1.3742 

1.3868 

1.3993 

1.4117 

48 

to 

1.3099 

1..3231 

1.3361 

1.3400 

1.3619 

1.3746 

1.3872 

1.3997 

1.4122 

50 

"^ 

1.3104 

1.3235 

1.3365 

1.3495 

1  3623 

1.3750 

1.3876 

1.4002 

1.41-26 

~b2 

64 

1.3108 

1.3239 

1.3370 

1.3499 

1.3627 

1.3754 

1.3881 

1.4006 

1.4130 

54 

66 

1.3U2 

1.8144- 

1.3.^74 

1.3503 

1.3681 

1.3759 

1.8885 

1.4010 

1.4134 

66 

fiS 

1.811T 

1.3248      1.3378 

1.3508 

1.. 36.36 

1.8763 

1..3889 

1.4014 

1.4138 

58 

to 

1.3121 

1UI252      1.3383 

1.3512 

1.3640 

1.3767 

1.3893 

1.4018 

1.4142 

60 
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POLYGOliS. 


POI.T«OBrfiL 

0     5 


Any  straight- Bided  flg  is  called  a  poljgon.    Tf  all  the  sides  and  angles  are  equal,  it  Is  a  resalaf 
polygon ;  if  not,  it  iit  irres«lar.    Of  coarse  the  number  of  polygons  is  infinite. 


Table  of  Resrnlar  Polyfpons. 


Number 

Name 

Arefi= 

Radius  of  oir. 
cutuscribing 

Interior  aade 

a  h  c  oontaiued 

AB«leatoea, 

Sides. 

Polygon.  ^ 

(square  of  one 
side)  mult  by 

circle  =  side 
mult  by 

between  two 
Bides. 

KUbteuded 
by  a  Bide. 

M 

Equilateral 
triangle. 

I     .433013 

.577350 

60O 

120° 

4 

Square. 

1.000000 

.707107 

90° 

90° 

5 

Pentagon. 

1.720477 

.860651 

108O 

72° 

6 

Hexagon. 

2.598076 

1.000000 

120° 

60° 

7 

Heptagon. 

3.633912 

1.152382 

128°  34  2857' 

61°  25.714y 

8 

Octagon. 

4.828427 

1.306563 

135° 

45° 

9 

Nonagon. 

6.181^24 

1.461902 

140° 

40° 

10 

Decagon. 

7.694209 

1.618034 

144° 

.36° 

11 

Undecagon. 

9  365640 

1.774733 

147°  16.3636' 

82°  43.6364' 

12 

Dodecagon 

n. 196152 

1.931854 

150° 

30° 

Area  of  any  resnlar  polyson  =  length 
sen  of  side  X  hHir  the  Dumber  of  sides. 


of  one  side,  abX  perp  p drawn  fh>m  oen  of  flg  to 

6nm  of  interior  ansles,  a  b  e,  etc,  of  any  polygon,  resnlar  ot  Irresniar  =  18(K>  X 
(uumber  of  sides  —  2). 

Ansle  at  een  snbtended  by  a  side*  in  any  recnlar  polyson  =  360<>  -r-  number  of  aides. 
TBI  A  Noises. 


We  speak  here  of  plane  triangles  only ;  or  those  having  stralsbt  sides. 

A  trlansle  Is  equilateral  when  all  its  sides  are  equal,  sh  a  ;  isoseeles  when  only  two  Hide* 
■       "      caler ""    "  '"    ''■' -    «  ..       ...  .  -    -     . 


lid  K :  aeute-ani^ed  when 


are  equal,  as  B;  sealene  when  nil  the  sides  are  unequal,  as  C.  .. 

all  its  angles  are  acure,  or  each  less  than  9(P,  as  A,  B,  and  C ;  rlshi^nsled  when  it  vuutaios  a 
right  angle,  as  D ;  obtuse-anffled  when  it  contains  an  obtuse  augle.  or  oii**i;reater  than  ilO^.as  E. 

All  the  three  angles  of  any  triangle  are  e«nal  to  two  richt 
ancles*  or  180^;  tliereiure,  if  we  know  two  ot  them,  we  can  And  tbe  rhira  by 
subtracting  their  sum  from  180<^.  All  trlan|[^es  whieh  have  equal  bases*  C 
and  equal  perp  heights,  have  also  equal  iiivas;  thus  the  areas  ofatrc,  awd.nuti 
a  w  e,  are  equal  to  each  other.  The  area  of  any  triangle  <>•  equHl  to  h:iir 
thatofany  parallelogrsro  which  hsA  an  ••qual  bsse.MUd  an  equal  |,erp  height.  The 
areas  of  triaacies  whieh  have  equal  bases*  but  diff  perp  heights,  arc  lu 
each  other  aa,  or  To  proportion  to.  their  perp  heights;  thus  the  triangle  a  «  n, 
with  a  perp  height  <  n,  equal  to  but  one-half  that  («  e)  of  Ihe  three  other  trian- 
gles, but  with  the  same  base  a  w,  has  also  but  half  the  area  of  either  of  those 
others. 

Area  of  any  triangle*  Figs  A,  B,  C.  O.  B,  =  half  the  base,  8,  X  the  height,  er  perp  dlst  p  to 
the  opposite  angle.  Any  side  may  be  taken  aa  tbe  base  of  a  triangle ;  but  the  perp  height  must  alwars 
be  nieuflured  from  tho'side  so  assumed;  to  do  which,  the  side  must  someUmea  be  prolonged,  as  in 
Fig  E :  but  the  proloncation  is  not  t«  be  considered  as  a  part  of  the  base. 

Area  of  any  equilateral  triangle  =  .433018  X  square  of  one  side. 

To  find  area,  haTlnff  the  three  sides. 

Add  them  together;  div  the  sum  by  2 ;  from  the  half  sum,  subtract  each  side  separately ;  molt  the 
half  sum  and  the  three  remainders  continuously  together;  Uke  the  sq  rt  of  the  prod. 

Ex.-Thc  three  sides  =  20,  30.  40  ft.     Here  20  +  30  +  40  =  90 ;  and  ^  =r  45.    And45  — »  =  t5, 

tl~'^JX  *^'  •«»<»  *5-  *0  =  5.  And  45  X  25  X  15  X  5  -  84375 ;  and  the  sq  rt  of  843761s  21W.47  sq  fl, 
area  reqd.  ^  ^ 
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Ill 


To  lin<1  area,  liaTtnir  one  side  and  the  9  anyles  at  Its  ends. 

Add  the  2  angles  toKetber ;  take  the  sam  from  180°  ;  the  rem  will  be  the  angle  opp  the  giren  nide. 
FiDd  the  nat  siue  of  this  angle :  alno  Qnd  the  oat  siDea  of  the  other  angles,  and  mult  them  together. 
Then  as  the  nat  sine  of  the  single  angle,  is  to  the  prod  of  the  nat  sineaof  the  oUiar  2  angles,  so  is  the 
aguare  of  the  given  side  to  double  the  reqd  area. 

To  find  area,  haTingr  two  sides,  and  the  included  ansrle. 

Mult  together  the  two  sides,  and  the  nat  sine  of  the  included  angle ;  div  bjr  2. 
Ex.— Side:)  650  ft  and  980  ft;  included  angle  90^  20'.    Bj  the  Uble  we  find  the  nat  sine  .9356; 
650  X  980  X  .9356 
therefore, =  297968.6  sqaara  ft  area. 

To  find  area,  liaTlnir  tiie  tliree  angles  and  tiie 
perp  lieii^lit,  a  b. 

Find  the  nat  sines  of  the  three  angles;  mult  together  the  sines  of  the  angles 
d  and  o ;  div  the  sine  of  the  angte  b  by  the  prod ;  muU  the  qoot  hj  the  square 
of  the  perp  height  ab;  div  bjr  2. 

To  find  any  side,  as  <l  o>  tiavlngr  the  three 
angrles,  il,  b  and  o,  and  the  area. 

(Sine  of  <f  X  sine  of  o)  i  sine  of  h  1 1  twtee  the  arra  t  square  of  d  o.  See  Rem  2,  p  119. 

The  perp  helsht  of  «■  eqallateral  irtansle  is  equal  to  one  ride  X  .8660-25.  Hence  one  of 
its  sides  is  equal  to  the  perp  height  div  bj  .8660*25  or  to  perp  height  X  1-1547.  Or,  to  And  a  slde« 
mult  the  sq  rt  of  its  area  bj  1.51967.  The  side  of  an  equilateral  triangle,  mult  bj  .658037  =r  side  of  a 
square  of  the  same  area ;  or  mult  bj  .742517  it  gives  the  diam  of  a  oirole  of  the  same  area. 

The  following  apply  to  any  plane  triangle,  whether  oblique  or  right-angled :  a 

1.  The  three  angles  amount  to  180^,  or  two  right  angles. 

5.  Any  exterior  angle,  as  A  G  n,  is  equal  to  tne  two  interior  and  opposite 
ones,  A  and  B. 

8.  The  greater  side  is  opposite  the  greater  angle. 

4.  The  sides  are  as  the  sines  of  the,opposite  angles.    Thai,  the  side  a  is  to 
the  side  6  as  the  sine  of  A  is  to  the  siue  of  B.  -  * 

6.  If  any  angle  as  «  be  bisected  by  a  line  $  o,  the  two  parts  mo,  onoT 
the  opposite  side  m  n  will  be  to  each  other  as  the  other  two  sides  •  m,  «  n  ; 
or,  mo:oH::$mia  - 


6ii  If  lines  be  drawn  from  each  angle  r  <  t  to  the 
enter  of  the  opposite  side,  they  will  cross  each 
other  at  one  point,  a,  and  the  short  part  of  each 


^r:^ 


m    0 


of  the  lines  will  be  the  third  part  of  the  whole  Hue. 
Also,  a  is  the  een  of  srav  of  the  triangle. 
7.  If  lines  be  drawn  bisecting  the  three  angles,  they  will  meet  at  a  point 
"     '     '  '         each  side,  and  consequently  the  ecBter 

n  be  drawn  in  the  triangle, 
purallel  to  any  side  c  a, 


d.  II  lines  oe  arawn  uiseoung  »ae  i.u 

perpendicularly  equidisunt  ft-om  each 

J  of  the  sreatest  elrele  that  can  be  d 

V      8.  If  a  line  xn  be  drawn  purallel  to 


the  two  triangles  ran,  re  a,  will  be  similar. 

9.  To  divide  any  triangle  act-  into  two  equal  parts  bv  a  line  a  n  parallel  to 

any  one  of  its  sides  c  «.    On  either  one  of  the  other  sides,  as  a  r,  as  a  diam, 

describe  a  semioircle  a  o  r;  and  find  its  middle  o.  From  r  (opposite  e  a),  with 

radius  r  o,  deserlbe  the  arc  o  n.    Prom  n  draw  n  a.  par* 

fx  allel  to  c  a. 


2^ 


10.  To  find  the  greatest  parallelogram  that  can  be 
drawn  In  any  ^^va  triangle  onh.    Bl 


an  r 

isect  the  three  sidea  at  a  e  e,  and  join 


a  e,  a  e,  e  c.  Then  either  aeh  c,  a  e  co,  or  a  e  en,  each  equal  to  half  the 
triangle,  will  be  the  reqd  parallelogram.  Any  of  these  parnlleloKrams  can 
plainly  be  converted  into  a  rectangle  of  equal  area,  and  the  greatest  that  can  be 
drawn  in  the  triangle. 
^  10>^.  If  a  line  a  e  bisects  any  two  sides  o  &,  o  n,  of  a  triangle,  it  will  be  par- 
allel to  the  third  side  n  h.  nud  half  as  long  as  it.  * 

11.  To  find  the  greatest  square  that  can  be  drawn  in  any  triangle  axr.    From 
an  angle  as  a  draw  a  perp  a  n  to  the  opposite  side  xr,  and  find  its  length.   Then 


0  n,  or  a  side  v  t  of  the  square  will  = 


xrX  an 


~  zr-\-an 

BeiM.— If  the  triangle  is  such  that  two  or  three  such  perps  can  be  drawn,  then 
two  or  turee  equal  squares  may  be  found. 
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PLANE  TRIGONOMETRY. 


Rlgrht-anirlecl  Trlangrles. 

All  the  foregoing  apply  alao  to  right-angled  triangles;  but  whaffbllow  apply  to  them  only. 

Gall  the  right  angle  A,  and  the  others  B  and  C;  and  call  the  sides  respectirelT 
opposite  to  them  o,  6,  and  c.    Then  is  v  j 

^  «=SiieO=''^SeoB  =  ^^^=:5XSeoC=rv'^MTA 

6  =  a  X  Sine  B  =r  a  X  Cos  C  =  e  X  Cot  C  =  c  X  Tang  B. 
c  =  o  X  Sine  C  =  oXCo8B  =  6x  Tang  C. 

Also  Sine  of  C  =  -;  Cos  0  =  5/  Tang  C  =  g". 

AndSineof  8  =  5;  CosB=^;  TangB  =  -. 

*    r,,        .K     >«J<>Sineof  Aor90n  =  l.     Co8A=0.    Tang  A  =  fnflnlty.    Sec  A  =  Inflnitj. 
1.  If  from  the  right  angle  o  a  line  0  w  be  drawn  perp  to  the  hypothenuse  or  long  side  h  o,  then  the 

two  small  triangles  owh,owg,  and   the  large  one  ohg,  will  be  similar. 

ijr  gw:wo::wo:wh;  and  gwXwk  —  wo^. 
«.  A  line  drawn  ft-om  the  right  angle  to  the  eeater  of  the  long  side  will 

be  half  as  long  os  sa'd  side. 

3.  If  on  the  three  sides  oh,  og,  gh  we  draw  three  squares  I, «, «,  or 
three  circles,  or  triangles,  or  any  other  three  flgs  that  are  similar,  then  the 
area  of  the  largest  one  is  e^ual  to  the  sum  of  the  areas  of  the  two  others. 

4.  In  a  triangle  whose  sides  are  as  .3,  4,  and  5  fas  are  those  of  the  tri- 
?S?l®.A."*9-  '5,t  ?°l.'5'  «^e  very  approximately  90";   53"  7' 48..38";    and 

d  7-  Sines,  1. ;  .8;  and  .6.     Their  Tangs,  inflnity  ;  \.3!a:i ; 

6.  One  whose  sides  are  as  7,  7,  and  9.9,  has  very  appmx  one  angle  of  90P 
and  two  of  45°  each,  near  enough  for  all  practical  purposes. 


PLANE  TEIGONOMETET. 


PvAtn  trigonometry  teaches  bow  to  find  certain  unknown  parts  of  plane,  or  straight  •  sided  tii> 
angles,  by  meaas  of  other  parts  which  ai*e  known ;  and  thus  enables  us  to  measure  iDacceasible  dis- 
tances, &c.  A  triangle  consists  of  six  parts,  namely,  three  sides,  and  three  angles;  and  if  we  know 
any  three  of  these,  (except  the  three  angles,  and  in  the  ambiguous  case  under  "Case  2,")  we  can  find 
the  other  three.  The  following  four  casea  include  the  whole  Bufaject ;  the  student  should  oommit  them 
to  memory. 


Case  1.  naTlns:  any  two  angrles,  and  one  side, 
to  find  the  other  sides  and  anKle, 

Add  the  two  angles  together  :  and  subtract  their  sum  from  180°:  therein 
will  be  the  third  angle.    Aud  for  the  sides,  as 
Sine  of  the  angle      .    Sine  of  the  angle 
opp  the  given  side    •    opp  the  rcqd  side 
Use  the  side  thus  found,  as  the  given  one ;  and  in  the  same  manner  find 
the  third  side. 


PiiT.W. 


given  side  :  reqd  side.      ^ 


HaTing:  two  sides,  b  a,  a  c,  Fig:  X.  and  tiie  ang^le  a  be, 
opposite  loone  of  them,  to  6ud  the  other  side  and  angles. 

Side  a  c  opp       The  other  Sine  of  the       Sino  of  angle  b'd  a  or 

the  given  an-    ;   given  side  I   I  given  angle   ;    ftcaopposltetheother 
glea&e  b  a  ab  c  given  side  6  a. 

Raving  found  the  sine,  take  out  the  corresponding  angle  from  the  table  of 
nat  sines,  but.  in  doing  so,  if  the  side  ae  opp  the  given  angle  is 

shorter  than  the  other  given  side  6  a,  bear  in  mind  that  an  angle  and  its  sup- 
plement have  the  same  sine.  Thus,  in  Fig  X,  the  sine,  as  found  above,  is 
opp  the  angle  6  c  a  in  the  table.  But  a  c.  If  shorter  than  b  a,  can  evidently  be 
laid  off  in  the  opp  direction,  a  d,  in  which  case  bda\s  the  supplement  of  be  a. 
If  a  c  is  as  long  as.  or  longer  than,  b  a.  there  can  be  no  donbt ;  for  in  that  case 
it  cannot  be  drawn  toward  6,  but  only  toward  n,  and  the  angle  be  a  will  be 
found  at  onoe  in  the  table,  opp  the  sine  as  found  above. 

Digitized  by  VjW^  VIC 


PLANE  TRIOONOHETRT. 


113 


Wbeo  Che  two  aofln,  a  6  e,  ft  e  «,  hav*  betn  foaod,  find  the  rtnalDlDg  aide  1^  Case  1. 
Far  th«  remaining  angle,  hae,  add  logether  the  angle  «  6  «  lint  given,  and  the  one,  ft  e  a,  foand 
aa  aboTO.    Dedoot  their  earn  from  leoo. 

C^Mie  8.  Kavlnff  two  nldea,  nnd  the  anvle  Inelnded 
between  them. 

Take  the  angle  flrom  18(P ;  the  rem  will  be  the  sum  of  (he  two  anknowa  aaglea.    Dtr  thU  earn  by 
S ;  and  find  the  nat  tang  of  the  qaot.    Then  as 

The  >om  of  the    .    atw.!.  ^-i*    .    .    Tang  of  half  the  sum  of    .    Tang  of  half 
two  given  sides    •    ^neirain    .    .    tb,  t«ro  unknown  angles    •    their  diff. 


Take  fhmi  the  table  of  nat  tang,  the  angle  opposite  this  last  tang.  Add  this  angle  to  the  half  sum 
of  the  two  unknown  angles,  and  It  will  give  the  angle  opp  the  longest  given  side :  and  subtract  it 
from  the  same  half  sam,  for  the  angle  opp  the  shortest  given  side.  Having  thus  foond  the  angles, 
find  the  third  side  by  Case  1. 

As  a  praodoal  example  of  the  ase  of  Cane  S,  we  ean  aseertain  the  diet  n  m  aorew  a  deep  pond,  by 
measuring  two  lines  i»  o  and  m  o ;  and  the  angli:  nom.  Prom  these  data  we  may  ealculate  n  m ;  or 
by  drawing  the  two  sides,  and  the  angle  on  paper,  by  a  soale,  we  can  afterwaird  oMasare  n  as  on 
the  drawing. 

"^  c 


Cmmm  4.  Kavlnff  the  three  sides. 

To  find  the  three  aaglee;  open  one  side  a  ft  as  a  base, draw  (or  sappose  to  be  drawn)  a  perp  ep  tnm 
the  opposite  angle  c  Find  the  diff  between  the  other  two  sides,  a  e  and  e  ft :  also  their  sum.  Then,  aa 
,  Sum  of  the  .  .  Dlir  of  other  .  Diff  of  the  two 
>  other  two  sldea  •  ■  two  sides  ■  parts  ag  and  fty,  of  the  base. 
Add  half  this  diff  of  the  partt,  to  half  the  base  <s  ft;  the  sum  will  be  the  longest  part  «y :  whioh 
taken  from  the  whole  base,  gives  the  shortest  parti;  ft.  By  this  means  we  get  in  each  of  the  small  tri- 
angles aeg  and  cgh,  two  sides,  (namely,  <s  e  and  a  g;  and  e  ft  and  g  b;)  and  an  angle  (namely,  the 
right  angle  eaa,  or  c  #  ft)  opposite  to  one  of  the  given  sides.  Therefore,  use  Case  %  for  fladinf  the 
—    ithatisdt       ■  •     *        *      ■ 


The  base  : 


aaglee  «  and  ft.    When  t 


FifiT. 


done,  take  their  sum  from  ISO'*,  for  the  angle  •  c  ft. 

Or,  M  »«4ei  call  half  the  svm  of  the  three  sides,  at  and  eall  the 

ro  sides  whioh  form  either  angle,  m  and  m.    Then  the  aa*  slae  of 

half  that  angle  will  be  eqaal  to  \  A*  -  **>  X  («  -  a) 

Ex.  1.    To  find  the  dist  ftrom  a  to  nn  Inne- 
eessible  ol^ect  e. 

Mearare  a  line  aft  ;  and  fVom  its  ends  measure  ttie  aaglee  e  «  ft  and 
eh  a.  Thus  having  found  one  side  and  two  angles  of  the  triangle  a  ft  e, 
ealonlate  a  e  by  means  of  Case  I.  Or  if  extreme  aoeorscy  is  not  reqd, 
draw  the  line  a  ft  on  paper  to  any  convenient  seale ;  then  by  meaas  ef  a 
protraetor  lay  off  the  angles  e  aft,  eft  a;  aad  draw  aoaodeft;  thea 
by  the  saase  seale. 

Ex.  9.   To  find  the  helfpht  of  a  vertieul 
objeet,  n  a. 

Plaee  the  iastmmeat  for  measnring  angles,  at  aay  eeave 
nlent  spot  o ;  also  meas  the  dist  o  a :  or  if  o  a  cannot  be  aotaally 
measd  la  eonseqnence  of  some  ob!«tacle,  calculate  it  by  the 
same  process  as  a  c  in  Fig  1.  Then,  first  directing  the  instru 
ment  horizontally,*  as  e  t.  measure  the  angle  of  depression 
to  a,  say  12° ;  also  the  angle  $  on,  say  SO^.  These  two  anglos 
added  together,  give  the  angle  aon^  42°.  Now.  t»  the  smnl. 
triangle  o  s  a  we  have  the  angle  o»a  equal  to  9(fi.  because o  n 
is  vert,  and  o  «  hor ;  and  ninee  the  three  angles  of  any  trianato 
are  equal  to  180°,  if  we  subtract  the  angles  o«a  (tO°).  aad  torn 
aiP)  from  180°.  the  rem  (78°)  will  be  the  aagle  o  •  «  or  •  a  a. 
Therefore,  in  the  triangle  •  n  a.  we  have  one  side  o  a:  and  two 
angles  a  a  n,  and  o  a  a,  to  ealealate  the  side  a  a  by  Case  1. 


*  Ansrlesanddistsonsloplnipg^roand  must  bt^mensnrc^l  hor* 

isoutally.  The  graduated  hor 
eirde  of  the  instrument  evidently  meas* 

ff.v; -•zv.-o'^O   \  *"*•  '*'*  en*!*  between  two  ot^ects  horl- 

*■■-— ^       ^^  coiitally.  no  matter  how  much  hiirher  one 

of  them  may  be  than  the  other ;  one  pet- 
baps  requiring  the  telescope  of  the  instru- 
ment to  be  direoted  upward  toward  it; 
and  the  other  downward.  If,  therefore, 
the  sides  of  triangles  lying  open  slopfng 


ground,  are  not  also  measd  hor.  there  can 
be  no  aooordauoe  between  the  two.   Th--- 
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Sm.  If.  as  In  Fig  S,  It  BhoBid  be  neoemurj  to  aicertaiii  tbe  vert  heisht  an  from  a  point  o,  entirelr 
»l>OT»  it,  theu  both  tbe  angles  ineasd  at  o,  namelj,  $on,  and  »  o  a,  will  be  angles  of  depression,  or 
beUw  the  bor  line  o  $  assumed  to  measure  them  from.  In  this  ease  we  have  the  side  o  a  as  before ; 
tbe  angle n»a  =  «aa  — son;  mad  tbe  angle  o  a  »  =  laoo  »  To •  a  (MP),  and  s^a;^  tooAleolate 
•n  by  Case  1. 


Kg.  3. 


Fifir.4. 


ais,  tbeb 
Here  we 


Fifir.6. 


Or  If,  as  in  Fig  4,  tbe  obserratfons  are  to  be  taken  from  a  point  o,  entirely  below  the  object 
both  the  angles  $  o  a,  a  o  n,  will  be  angles  of  elevation,  or  above  the  assumed  hor  line  o«. 
have  in  the  triangle  en  a,  the  given  side  o  a  as 
before ;  the  angle  aonz=$  on-^  tea;  and  the 

angle ona= 180°—  (oan{Vf>y,aaxi  no  »,  \  U> 

calculate  an  by  Case  1. 

ir  the  object  a  n,  aa  in  Fig  5,  instead  of  being 
vert,  is  inMned;  and  instead  of  its  vert  height, 
we  wish  to  find  its  length  a  n,  we  muai  first  as- 
cerudn  its  angle  y  t  <  of  inclination  to  the  hori- 
zon ;  to  which  angle  each  of  the  angles  o<n  will 
be  equaJ.  To  find  this  angle  yti,  suspend  a  plumb- 
line  i  y.  oftLUj  convenient  known  length,  fh>m  the 
object  a  n ;  and  measure  also  y  t  horkontally. 
Then  say  as 

y  t  :  <  y  :  :  1  :  sat  tang  of  angle  yti. 

From  the  table  of  nat  tangs  take  out  the  angle 
yti  found  opposite  this  nat  tang ;  and  use  it  for 
tbe  angles  o  8  M  or  o  «  « ;  instead  of  the  90°  of  Figs 
8  and  4.  ^Iso  when  tbe  object  inclines,  the  side 
a  0  of  the  triangle  must  be  measd  in  line,  or  In 
rangewitfa  the  inclination.  If  the  object,  as  the 
rock  a  n.  Fig  6,  is  curved  or  irregular,  a  pole  a  a 
may  be  planted  sloping  in  tbe  direction  a  n ;  and 

In  tbe  triangle  a  he,  upon  sloping  ground,  the  instrument  at  o,  measures  the  hor  angle  ion;  and  not 
the  angle  bac.  Therefore,  the  side  which  corresponds  with  this  hor  angle  {  o  n,  is  the  hor  dlst  i  n ; 
and  not  the  sloping  dist  b  c.  In  other  words,  when  ^des  and  angles  are  on  sloping  ground,  we  do 
not  seek  tbefr  attual  measares ;  but  their  Aor ones.  This  remark  applies  to  all  surveying  for  farms, 
railroads,  triangulatlons  of  oobntries.  ice,  Ac ;  and  the  want  of  a  strict  attention  to  it,  is  one  cause 
of  the  small  errors,  almost  unavoidable,  (and  fortunately,  of  but  trifling  consequence  in  practice), 
which  occnr  in  all  ordinary  field  opentiona.    See  p  176. 

Wlien  a  sextant  in  nsed,  angles  between  objects  at  diff  altitudes,  asp  and 

g,  may  be  measd  hor,  by  first  planting  two  vert  rods 
0  and  s.  in  range  with  the  objects ;  ai^  then  taking 
the  hor  angle  one,  subtended  by  tbe  rods. 

All  Utiles  may  be  measd  wltliont 
any  Inst,  thus:  Measure  100  ft  toward 

ench  object,  and  drive  stakes ;  measure  tbe  dist  across 

from  one  stake  to  the  other.    Half  this  dist  will  be 

the  5ine  of  hmlftht  angle  to  a  rad  of  100 ;  and  if  we  move 

the  decimal  point  two  places  to  the  left,  we  Ket  the  nat 

*int)  of  thin  one  half  of  the  angle  tn  a  rad  of  1.  as  in  the 

Mbles.    Thus,  suppose  the  dist  to  be  80.64  feet ;  then 

40.32  is  tbe  sine  of  half  tbe  angle ;  and  .40S2  will  be 

the  nat  sine,  opposite  to  which  in  the  table  of  nat 

sines  we  find  the  angle  28°  47' ;  which  mult  by  2  gives 

47°  84',  the  reqd  angle.    If  obstacles  prevent  measuring  toward  the  objects,  we  may  measure  directly 

from  them ;  because,  when  two  lines  intersect,  the  opposite  angles  are  equal.  A  rough  measurement 

mav  be  made  by  sticking  three  pinn  vert,  and  a  few  ins  apart,  into  a  small  piece  of  board,  nailed  hor 

to  the  top  of  a  post.     The  pins  would  occupy  the  positions  n  o  «,  of  the  last  figure.    Pencil-lines  may 

then  be  drawn,  connecting  the  pin-holes ;  and  the  angle  be  measd  with  a  protractor.    By  nailing  a 

piece  of  board  vert  to  a  tree,  and  then  drawing  upon  it  a  short  hor  line,  by  means  of  a  pocket  ear* 

Knters'  spirit-level,  vert  angles  of  elevation  and  depression  may  be  taken  roughly  In  the  same  w^. 
this  W8»  the  writer  has  at  times  availed  himself  of  the  outer  door  of  a  house,  bv  opening  it  until  it 
pointed  toward  some  mountain-peak,  the  dist  of  which  he  knew  appro^mately ;  b«t  of  the  heighfof 
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itf  angle  y  t<  of  IndioatlMi  witli  the  horisoa  fbwi  m  befcrat 

"^  in  which  eaae  the  di«t  a  i»  is  ealcaiated.  Or  if  the  v«r(  height  e  n 
is  sought,  the  point  e  may  first  be  ftMUid  bj  lightiag  upward 
along  a  plumb-line  lield  above  the  head. 

•> 

Ex.  3.   To  find  the  approximate  beiffbt, 
«  X,  of  a  nioantain. 

Of  which,  perhaps,  only  the  verr  sammlt,  s,  is  Tlslble  abore 

interposing  forests,  or  other  obstacles ;  but  the  diat,  m{,  of  which 

Is  known.    In  tliis  oate,  first  direct  the  instrument  hor,  as  m  A; 

and  then  measure  the  angle  i  m  *. 

Then  in  the  triangle  (  m  z  we  have 

one  side  in<:  the  measd  angle  imx, 

and  the  angle  mix  (00°),  to  find  i » 

by  Case  1.    But  to  this  <  x  we  must 

add  i  o,  equal  to  the  height  jrm  of  the 

instrument  above  the  ground ;  and 

also  o  $.    Now,  o  « in  apparmxAy  due 

entirel  V  to  the  curvature  of  the  earth. 

which  Is  equal  to  very  nearly  8  ins.  or 

.867  ft  in  one  mile :  and  increases  aa 

the  squares  ef  the  dists;   being  4 

times  8  ins  in  2  miles ;  9  times  8  ins 

in  S  miles,  Ae.    Bat  this  is  somewhat  dinrintshed  l^  the  refraotton  of  the  atmosphere ;  whiob  variea 

with  temperature,  moisture,  &c ;  but  always  tends  to  make  the  otjeet  x  appear  higher  than  it 

actually  is.      At  an  average,  this  deceptive  elevation  amounts  to  about —th  part  of  the  enrvatars  sf 

the  earth ;  and  like  Um  latter,  it  varies  with  the  squares  of  the  dists.  Consequently  If  we  subtract  -3- 

part  from  8  ins,  or  .667  ft.  we  have  at  onee  the  combined  effect  of  curvature  and  refraction  for  one 
mile,  equal  to  6.857  ins,  or  .571i  ft;  and  for  other  dista,  as  shown  in  the  following  table,  by  the  use 
of  which  we  avoid  the  necessity  of  making  •eparaif  aUowiAces  for  curvature  and  refraction. 

Table  of  allowances  to  be  added  for  curvature  of  tbe  eartbf 
and  for  refraction ;  combined. 


Fiar.x 


Dist. 

Allow. 

Dist. 

Allow. 

Dist. 

Allow. 

Dist. 

Allow. 

In  yards. 

feet. 

in  miles. 

feet. 

In  miles. 

feet. 

in  miles. 

feet. 

100 

.002 

K 

.036 

6 

20.6 

20 

229 

150 

.004 

.143 

7 

28.0 

22 

277 

200 

.007 

74 

.321 

8 

86.6 

25 

857 

800 

.017 

1 

.572 

9 

46.3 

30 

614 

400 

.030 

114 

.893 

10 

67.2 

35 

700 

500 

.046 

^il 

1.29 

11 

69.2 

40 

915 

600 

.066 

m 

1.75 

12 

82.3 

45 

1158 

700 

.090 

2 

2.29 

13 

96.6 

50 

1429 

800 

.118 

'^M 

3.67 

14 

112 

65 

1729 

900 

.U9 

3 

5.14 

15 

129 

60 

2058 

1000 

.185 

314 

7.00 

16 

146 

70 

2801 

1200 

.266 

4 

9.15 

17 

165 

80 

3659 

1500 

.416 

4)4 

11.6 

18 

185 

90 

4631 

2000 

.738 

6^^ 

14.3 

19 

206 

100 

6717 

HeB«e«  if  a  person  whose  eye  is  3.14  ft,  or  112  ft  above  the  sea,  sees  an  object  just  at  the  sea's 
horison,  that  obfect  will  be  about  S  miles,  or  14  miles  distant  from  him. 

A  taoricontal  line  is  not  a  level  one,  for  a  straight  line  cannot  be  a 

level  one.  The  onrve  of  the  earth,  as  exemplified  in  an  expanse  of  quiet  water,  is  level.  In  Fip  7, 
If  we  suppose  the  curved  line  tygio  represent  the  surfaoe  of  the  sea,  then  the  points  (  y  s  and  §  are 
on  a  level  with  each  other.  They  need  not  t>e  equidistant  from  the  center  of  the  earth,  for  tbe  sea  at 
the  poles  is  about  IS  miles  nearer  it  tMin  at  tbe  equator ;  yet  its  surrsoe  is  eveijwhere  on  a  level. 

Up.  and  down,  refer  to  sea  level.  Iievel  means  parallel  to  the  curvature 
of  the  sea;  and  horiaontal  means  tangential  to  a  level. 

Ex.  4.    If  tbe  inaccessible  vert  beiybt  e  d,  Fig^  8, 

A  so  aituattd  that  w«  eannot  reach  it  at  all,  then  place  the  instrument  for  measuring  angles,  at  any 
eoavenieiit  spot  n ;  and  in  range  between  n  and  d,  plant  two  staBk,  whose  tops  0  and  {  shall  range 
pteeisely  with  n.  though  they  need  not  be  on  the  same  level  or  hor  line  with  it.  Measure  no:  also 
from  n  measure  tbe  angles  ond  and  one.    Then  move  the  instrument  to  tbe  precise  spot  previously 

which  he  had  no  idea.  For  allowance  for  curvature  and  refraction  see  above  Table. 
A  trlangrle  wbose  sides  are  as  3,  4,  and  S,  is  right  angled;  and  one 

whose  sides  are  as  7 :  7 ;  and  9.  9 ;  contains  1  right  angle ;  and  2  angles  of  45°  each.  As  it  is  fre- 
quently necessary  to  lay  down  angles  of  45"  and  9<P  on  the  ground,  these  proportions  may  be  used  for 
the  purpose,  by  shaping  a  portion  of  a  tape-line  or  chain  into  such  a  triangle,  and  driving  a  sUke  at 
^  — -.-     s^ep.  68. 
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•oeupted  bj  the  top  o  of  the  staff;  and  ftrom  o meaaara  tbeaogles  iod  and d»o.  This bdng  done,  sab 
tract  ttitf  aogle  io  c  from 
180° ;  the  rem  will  be  the 
angle  e  o  n.  Contequent* 
\y  in  the  triangln  no  ewe  ' 
have  one  tidewi  o,  and  two 
angles,  eno  and  e  o  i»,  to 
^  find  bj  Case  1  the  side  o  e. 
Again,  take  the  angle  iod  * 
from  180°;  the  remainder 
will  be  the  angle  n  o  d,  so 
that  in  the  triangle  dno 
we  have  one  side  n  o,  and 
the  two  angles  dno  and 
n  o  d,  to  find  by  Case  1 
the  side  od.  Finally,  In 
the  triangle  cod.'^e  hare 
_.      ^  two  sides  c  o  and  o  d,  and  _.,       _. 

Fig-.  8.  th0{r  inelnded  angle  eed,  rig,  9. 

to  find  e  d,  the  reqd  vert 
height. 
Bbm.  If  ed  were  in  a  Taliey,  or  on  a  hill,  and  the  obserrations  reqd  to  be  made  fhnn  eiUier  higher 
NT  lower  ground,  the  operation  would  be  precisely  the  same. 

Ex.  5.    See  Ex  10. 
To  Hod  the  dlst  ao^  Fiff  A,  between  two  entirely  InaecesMible 
objects, 

Measareasidewiis;  atntneasaretbeaaglesawmandonm:  also  at  m  measure  the  angles  omnsni 
amn.  This  being  done,  we  have  in  the  triangle  anm,  one  side  n  m,  Fig  9,  and  the -angles  anm,  and 
nma;  hence,  by  Case  1,  we  can  oalculate  tbe  side  an. 
Again,  in  the  triangle  o  m  n  we  have  one  side  n  m,  and 
the  two  angles  omn.  and  w  no ;  hence,  by  Case  1.  we  can 
calculate  tbe  side  n  o.  This  being  done,  we  have  in  the 
triangle  ano,  two  sides  an,  and  no;  and  their  included 
angle  ano;  hence,  by  Case 8,  we  can  oalculate  the  side 
ao,  which  is  the  reqd  diat.  It  is  plain  that  in  this  manner 
we  may  obtain  also  the  position  or  direction  of  the  inacces- 
sible line  ao ;  for  we  can  calculate  the  angle  n  ao ;  and  can 
therefrom  deduce  that  of  ao;  and  thus  be  enabled  to  run 

a  line  parallel  to  it,  if  required.    By  drawing  n  m  on  pa-  "Pltr   10. 

per  by  a  scale,  and  layine  down  the  four  measd  angles,  *  ijj.  ivj. 

the  dist  a  o  may  be  measa  upon  tbe  drawing  by  tbe  same  scale. 

If  the  position  of  tbe  inaccessible  dist  e  n.  Fig  10,  be  sooh  that 
vre  can  place  a  sukep  in  line  with  it, we  may  proceed  thus :  Place 
the  instrument  at  any  suitable  point  $,  and  take  the  angles jp  «  c 
and  csn.  Also  find  the  angle  ep$,  and  measure  tbe  distps.  Then 
In  the  triangle  p$  c  find  «  c  by  Case  1 ;  again,  the  exterior  angle 
n  c  «,  being  equal  to  tbe  two  interior  and  opposite  angles  ep». 
and  7>  s  e.  we  bare  in  the  triangle  can,  one  side  and  two  angles 
to  find  e  n  by  Case  1. 

Ex.6.  TofindadistafrfFicUfOfwhleli 
the  ends  only  are  aecesslble. 

From  a  and  h,  measure  any  two  lines  ae,hc  meeting  at  e ;  also 
measure  the  angle  a  e  6.  Then  in  tbe  triangle  a  b  c  we  have  two 
sides,  and  tbe  included  angle,  to  find  the  third  side  a  6  by  Case  S. 

Ex.  7.  To  find  the  vert  heigrht  o  m^  of  a  Fig.  U. 

hill»  above  a  ipiven  point  i. 

Plaoe  the  instrument  at  {;  measure  a  m.  Directing 
the  instrument  hor.  as  an.  take  the  angle  n  am.  Then, 
since  anm  is  90°  Fig  12.  we  have  one  side  a  m,  and 
two  angles,  nam  and  anm,io  find  n  m  by  Case  1. 
Add  no,  equal  to  ai,  the  height  of  the  instrument 
Also,  if  the  hilt  is  a  long  one.  add  for  curvature  of  the 
earth,  and  for  refraction,  as  explained  in  Example  S, 
Fig  7.  Or  the  instrument  may  be  placed  at  the  top  of 
tbe  hill ;  and  an  angle  of  depreuion  measured ;  instead 
of.the  angle  of  elevation  nam. 

Rem.  1.  It  is  plain,  that  if  the  height  om  be  previously 
known,  and  we  wish  tn  ascertain  the  dist  from  iu  sum-  nj.  jo 

rait  m  to  any  point  i.  the  same  measurement  as  before,  ®* 

of  tbe  angle  nam.  will  enable  us  to  calculate  a  m  by 

Case  1.  So  in  Rx.  2.  if  the  height  n  a  be  known,  the  angles  measd  in  that  example,  will  enable  ns 
to  compute  the  dist  a  o ;  so  also  In  Figs  S,  4,  5,  and  7 ;  in  all  of  which  tbe  proeeM  is  so  plain  as  to 
require  no  further  explanation. 

Rem.  2.  Tbe  height  of  a  vert  object  by  means  Of  its  ShadOW.  Plant  one  end  of 
a  straight  stiok  vert  in  the  ground ;  and  measure  its  shadow :  also  measure  the  length  of  tbe  shadow 
ef  the  obieot.    Then,  as  tbe  length  of  the  shadow  of  the  stick  is  to  tbe  length  of  the  stick  above 
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froand,  lo  U  Uie  iMfth  of  the  ihadow  of  U>«  otifeot,  to  !(■  iMtgbt.    If  the  o^w t  b  iaeitott,  tht  ttlek 
t  tie  Mfwdly  tiMluied* 


S.  Or  tbe  belvlit  of  a  Teri  oM«et  mn. 

Fig  12^,  whose  dlstanoe  r  m  is  known,  may  be  found  bjr 


t"^  Its  refleetlon  in  a  Teasel  of  water,  or' in  a  piece  of 

looking  !>*■■  pI«oed  perfeotlr  horitooUl  et  r;  fbr  i ._  ^  ..    .   .  ^  - 

aioT  the  eye  above  the  reflector  r,  ao  U  r  m  to^ 


looking  ffu  placed  perfeotlr  horltooUl  •tr;fbrMr«i«tothe  height 

•  _  a  {  of  the  eye  above  the  reflector  r,  ao  la  r  m  Utj^  -ni  ^   ^  « i  • 

-^«  the  height  m  »  of  the  ot|)eot  above  r.  ^f^^  *^*^*  ^*^ 


Rem.  4.    Orlet  o  e.  Fig  12K  be    1    ^^ 
a  plaoted  pole,  or  a  rod  held  ?ert  by  an  assistant.    Then    I 

at«ud  at  a  proper  diat  back  from  It,  and  keeping  tbe  eyea  ateady,  let  marka  be     I 
made  at  o  and  e.  where  tbe  linea  of  eight  i  n  and  <  m  strike  the  red.    Theo  —    tk^S"' 
ieiatoeo,  aoiaiettomn.  ^y^ 


0 


The  fbllowlDg  examples  may  be  regarded  as  anbatitatee  for  atrict  trlgonooM* 
try :  and  will  at  times  be  uaerui.  in  oaae  a  table  of  ainea,  *o,  la  not  at  hand  liar 
making  trigonometrical  calonlstloM. 

Ex.  S.  To  fiBd  tbe  dist  ah,  of  wbleb  oae end  onljr 
is  aeeeeslble. 

Drive  a  stake  at  any  oonventent  point  a ;  ftwra  a  lay  off  any  Angle  ft  a  e.  In 
the  line  a  e.  at  any  convenient  point  e,  drive  a  suke ;  and  ttan  c  lay  off  an  angle 
aed,  eqaal  to  tbe  angle  bae.  In  tbe  line  e  d,  at  any  convenient  point,  aa  d, 
drive  a  stake.  Then,  standing  at  d,  and  looking  at  6,  place  a  stake  o  In  range 
with  d  h :  and  at  the  Muae  time  in  the  line  ee.  Measure  ee,  oe,  attded;  thea, 
from  the  principle  of  similar  triangles,  as 

oetedttaotab. 


Or  tbas  t 

Fig  14.  n h being  the  diat,  plaoe  a  stake  at  n ;  and  lay  off  tbe  angle hnm  9(P. 
A.t  any  eeevenient  diet  n  m,  plaoe  a  aUke  m.  Make  th0  angle  hm9=W>;  and 
place  a  suke  at  jr,  in  range  with  h  n.  Measure  n  y  and  n  m ;  then,  trwn  the 
principle  of  simiUir  triangles,  aa 

npinmttnminh. 

Or  th  OS,  Fig  14.    Lay  off  the  angle  A  n  m  =  90°,  placing  a  stake 

m,  at  any  convenient  diat  n  m.  Measure  n  m.  Alao  meaaure  tbe  angle  is  m  h. 
find  nat  tang  of  n  m  *  by  Table  Mult  this  nat  tang  by  is  m.    Tbe  pred 

will  be  n  A. 

Or  tbns.    L4ty  off  angle  hnm  =  90°. 

angle nmh,  and  lay  off  angle  nmg  equal  to 
with  h  n.    Then  is  u  y  =  n  A. 


From  m  measure  the 
1  to  it,  ptaoiag  a  stake  at  y  in  range 


Fig.  15.       X 


Or  tbos,  wltbont  measarlnv 
aiijaik9le; 

t  u  being  the  dist.  Make  t*  v  of  any  convenient 
length,  in  range  with  (  u.  Measure  any  «  o ;  and 
o  X  equal  to  it.  in  range.  Measure  m  o  ;  and  oy 
equal  to  it  in  range.  Plaoe  a  stake  s  in  range  with 
both  X  y,  and  (  o.  Then  will  y  s  be  both  eqnal  to 
(  tt,  and  parallel  to  it. 


Or  ttans,  witbont  iMeMiarinff  nmj  anyle. 

Drive  two  sukes  t  and  u,  in  range  with  the  ol^ect  $.  Prom  ( lay  off  my 
convenient  dlst  t  x.  in  any  direction.  From  t»  lay  off  u  w  parallel  to  (  x, 
placing:  w  in  range  with  x  s.  Make  u  v  equal  to  «  *.  Measure  »•,»»,  and 
m  t.    'fben,  as 

«««ttydBt  tmit  l«. 

Or  thmi.    At  a  I«y  off  angle  o«c  =  C^  «'.    Lay 

^  off  00  at  right  angles  to  ao.  Measure  oe.  Then 
-o.  ^a  rto  =»  10  0  c,  too  long  only  1  part  in  B8S.6.  or  6.643  feet 
Fi|f.  16.        |„  a  mile,  or  .1069  foot  (full  U  inches)  in  100  feet. 
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Fig.  17. 


PLANE   TRIGONOMETRY. 


Ex.  9.   To  find  the  dlst  a  &,  of  whieh  tbe 
ends  only  are  aceefssible. 

From  a  lay  off  the  angle  b  a  e ;  and  from  h,  the  angle  ahd.  each 
90°.  Make  a  c  and  b  d  equal  to  each  other.  Then,  c<i  =  ai.  Or 
a  h  may  be  considered  as  tbe  dist  across  tbe  river  In  Figs  13,  IS,  or 
14;  and  be  ascertained  in  the  same  way.  Or  measure  any  dist.  Fig 
17,  a  o;  and  make  o  n  in  line  and  equal  to  it.  Also  measure  bo; 
and  make  om  in  Sine  and  equal  to  it.  Then  will  mn  be  both  paral* 
lei  to  a  6,  and  equal  to  it. 


Kx.  16.    See  Ex.  4.    To  find  the  entirely 

Inaccessible  dist  y  z,  and  also 

Its  direction. 


Figr.  18. 


It  y  M  were  a  visible  line,  such  as  a  fence  or  road,  we  could 
from  a  divide  it  into  any  required  portions.  Thus,  if  we  wish 
to  place  a  stake  halfway  between  y  and  z.  first  place  one  half- 
way between  i  and  o ;  then  standing  at  a,  by  means  of  signals, 
place  a  person  in  range  on  y  x.  Or,  to  find  along  a  6,  a  point  t 
perp  to  y  s  at  y,  first  make  o  »  «  =  90° ;  and  measure  a  ».  Then, 

otiasiiytfiat. 
Ex.  11.  To  find  the  position  of  a  point,  n,  Tig  19, 

By  mean$  of  two  angle*  a  n  b  and  b  n  c,  taken  from  it  to  the  three  olijeae  a  b  o,  whoee  potttlotu 
and  diet*  apart  are  knoum. 

The  use  of  this  problem  is  more  ft^aent  in  marine  than  in  land  surveying.  It  is  chiefly  employed 
for  determining  the  position  n  of  a 
boat  from  which  soundings  are  being 
taken  along  a  coast.  As  the  boat 
moves  from  point  to  point  to  take 
fresh  soundings,  it  becomes  necessarv 
to  make  a  fresh  observation  at  each 
point,  in  order  to  define  its  position 
on  the  chart.  An  observation  consists 
in  the  measurement  by  a  sextant  of 
the  two  angles  anb,  bnc,  to  the  sig- 
nals ahe.  previously  arranged  on  tbe 
shore.  When  practicable,  this  method 
shculi  be  rejected;  and  the  observa- 
tions taken  to  the  boat  at  the  same 
instant,  by  two  observers  on  shore,  at 
two  of  the  stations.  Tbe  Iraat  to  show 
a  signal  at  the  proper  moment.    The 

most  expeditious  mode  of  fixing  the  13,.       -q 

point  n  upon  the  map,  is  to  draw  three  -^  ^S-  ^^' 

lines,  forming  the  two  angles,  and  ex- 
tended Indefinitely,  on  a  piece  of  trans- 
parent paper.    Place  the  paper  upon  the  map,  and  move  it  aboat  until  the  three  lines  pass  through 
the  three  stations ;  then  prick  through  the  point  >»  wherever  it  happens  to  come. 

Instead  of  the  transparent  paper,  an  instrument  palled  a  etation  pointer  may  be  used  when  there 
are  manv  points  to  be  fixed. 

But  the  poeittAn  of  the  point  n  oao  be  found  more  correctly  by  deseribing  two  circles,  as  in  Fig  19, 
eaoh  of  which  shall  pass  through  n  and  two  of  the  station  points.  The  question  is  to  find  the  centers 
oand  X  of  two  such  circles.  This  is  very  simple.  We  know  that  the  angle  a  o  b  at  the  center  of  a  circle  is 
twice  as  great  as  any  angle  a  n  b  at  the  circumf  of  the  same  circle,  when  both  are  subtended  by  the 
same  chord  a  b.  Consequently,  if  the  angle  anb,  observed  fVom  the  boat.  Is  say,  50°,  the  angle  aob 
must  be  100°.  And,  since  the  three  angles  of  every  plane  Uriangle  are  equal  to  180°,  the  two  angles 
o  ab  and  o  b  a  are  together  equal  to  180°  —  100°  =  80°.  And,  since  the  two  sides  a  o  and  b  o  are 
equal  (being  radii  of  the  same  eircle),  therefore,  the  angles  oah  and  o  b  a  are  equal ;  and  eaoh  equal  to 

— -  =^<0°.    Consequently,  on  the  map  we  have  only  to  lay  down  at  a  and  b,  two  angles  of  40°;  tbe 

point  0  of  intersection  will  be  the  center  of  the  circle  abn.  Proceed  in  the  same  wav  with  the  angle 
»  n  e,  to  find  the  oenter  m.    Then  the  interseotioa  of  the  two  eiroles  at  n  will  be  the  point  sooghk 
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PABAl4liEIiOOBA]IIS. 

Square.  Rectangle.         Bhombm.  RliouboliU 


A  PARALLELOOKAM  is  any  figure  of  four  straight  sides,  the  opposite  ones  of  which 
are  parallel.  There  are  but  four,  as  in  the  above  figs.  The  rhombus,  lilce  the  rfaum- 
bohedron,  Fig  3,  p  155,  is  sometimes  called  ^  rhomb."  In  the  square  and  rhombus 
all  the  four  sidea  are  equal;  in  the  rectangle  and  rhomboid  only  the  opposite  ones 
are  equal.  In  any  parallelogram  the  four  angles  amount  to  four  right  angles,  or 
360°;  and  any  two  diagonally  opposite  angles  arc  equal  to  each  other;  hence,  having 
one  angle  given,  the  other  three  can  readily  be  found.  In  a  square,  or  a  rhombus,  a 
diag  divides  each  of  two  angles  into  two  equal  parts ;  but  in  the  two  other  parallel- 
ograms  it  does  not. 

To  find  tbe  area  of  any  parallelogram. 

IfQltiptj  any  tfd«,  u  S,  br  the  perp  hei£ht«  or  dUt  j»  to  th«  oppotlte  side.  Or»  BoIUplj  tofothar 
two  sides  and  aat  tine  of  th«ir  included  angle. 

Tli«  41as  a  b  sf  aay  aqaare  t«  equal  to  one  sido  mult  by  Lil421 ;  and  a  side  Is  equal  to 
diacoAil 
^  ^^^^^    ;  er*  to  diag  mult  by  .707107. 

^he  aMe  •fa  staaiw  e««al  hi  area  to  a  sIt«b  «lr«le»  !■  eq«al  to  diaa  x  .Mttn. 


The  alda  ef  tlie  greatest  sqaaret  unu  c«m  *«  in*erHMd  tm 
agwmi  circU,  is  equal  to  diain  X  .707107. 

TlM  side  of  a  sqaare  mult  by  1.51967  gives  tbe  side  of  an  e«nt- 
lateral  trlanale  of  tbe  saine  area.  All  ^araUelosra■l•  u  A. 
'  *  9h  nave  eqaal  baaes,  a  c.  aud  equal  perp  tieigbts  n 


1  ^araUelosra■l•  ua  A. 

aad  C,  whieh  nave  eqaal  baaes,  a  c.  aud  equal  perp  tieigbts  n 
e,  have  also  equal  areas ;  aud  tbe  area  of  each  Is  twice  that  of  a  »ri- 
angle  having  the  same  base,  and  perp  height.  The  area  of  a 
mq^mmre  iaserlbed  la  a  elrele  is  equal  to  twioe  the  liquaie  ot  ibe 
ra«l. 

Ib  everj  parallelosraat*  the  4  squares  drawn  on  its  aides  have  a  united  areu  equal  to  that  of 
the  two  squares  drawn  ou  iu  2  diags.  Xf  a  lalrser  sq,aare  be  dravn  on  tbe  diag  a  b  of  %  muttlWr 
square,  tis  area  will  be  twice  tb«t  of  said  smaller  square.  EM^er  dlay  ntmnf  ^arallelesnua 
divid'4  it  into  two  equal  triangles,  and  the  2  diags  div  it  iato  i  triangles  of  equal  yeas.  The  twe 
dlassaf  any  paraUelesram  divide  each  other  into  two  equal  parts.  Aajllae  airawa  throasb 
^e  eeater  or  a  diac  divides  the  parallelogram  into  two  equal  parts. 

JRemark  1. —Tbe  area  of  aaj  ft*  whatever  as  B  that  la  eaelosed  by  fear  stralsbt 
llaea»  may  be  found  thus :  Mult  tugeiher  me  two  diags  a  m,  »  6;  and  Ute  nat  sine  of  the  least  angle 
a  o  6 ;  or  M  o  m,  formed  by  their  intersection.  Dlv  the  product  by  2.  This  is  useful  in  land  sarvo^iag, 
when  obstacles,  as  is  often  the  case,  make  it  difficult  to  measure  the  sides  of  the  fig  or  field ;  while  it 
may  be  easy  to  measure  the  diajcs ;  and  after  finding  their  point  of  interseetinn  «,  to  measore  the  re- 
quired angle.  Bat  If  tbe  fls  la  to  be  drawn,  the  parts  o  a,  e  6,  o  n,  o  m  of  the  diags  must  also 
he  meoKd. 

Rem.  2.— Tbe  side*  ef  a  paraUeloKraas*  trtansle»aad  ataaj  atber  ftss  mtmr  be 
foand*  wbea  only  tbe  area  aad  aajclea  are  slrea*  thus :  Assuute  «ume  particular  one  of  its 
sides  to  t>e  of  the  leugth  1 ;  aud  calculate  what  iu  area  wuuld  be  if  that  were  tbe  case.  Then  as  tbe 
sq  rt  of  tbe  area  thus  found  is  to  this  side  1,  so  Is  the  sq  rt  of  the  actaal  gives  area,  to  the  corre- 
sponding actual  side  of  the  fig. 


On  a  nrtven  line  wse^Ut  draw  a  square, 

w  xn  tn. 

From  w  and  x.  with  rad  w  x,  deticribe  the  arcs  xrv  and  to  r  e. 
From  their  intersecdon  r,  and  with  rad  equal  to  H  of  lox.  describe 
«  s  «.  From  w  and  m  draw  to  m  and  tern  tangential  to  s  «  «,  and 
ending  at  the  other  arcs ;  Join  n  m. 
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TBAPEZOroS  AND  TRAPEZIUMS. 


TBAPEZOIBS. 

n  t_ wi     n     fn 


a     8   e 

A  tnpeitdd  a  e  fi  im,  is  mnj  flcore  with  foar  strmight  sides,  onlj  two  of  which,  m  ae  and  fi  m,  arc 
parallel. 

To  find  tbe  area  of  any  trapeaold. 

Add  together  the  two  parallel  sides,  ae  and  mn;  malt  the  sam  bj  tbe  perp  distsf  between 
them ;  div  the  prod  by  2.  See  the  following  rules  for  trapeziums,  whieh  are  all  eqoallj'  qnilioabto 
to  trapesoids ;  also  see  Bemarks  after  Parallelograms. 

TBAPCZIIJMS. 


A  trapexiam  a  b  e  o,  is  any  fig  with  foar  straight  sides,  of  which  oo  two  are  parallel.  * 

To  find  the  area  of  any  trapesium,  bavinir  friven  the  dlagp 
fro,  or  a  e,  between  either  pair  of  opposite  angrics;  and  also 
the  two  perps,  n,  n,  from  the  other  two  angrles. 

Add  together  these  two  perps ;  mult  the  sum  bj  the  diag;  div  the  prod  by  2. 

HaTlniT  the  fonr  sides)  and  either  pair  of  opposite  aniples, 

as  abCf  aoe;  or  bao,  and  bco. 

Consider  the  trapezium  as  dirided  into  two  triangles,  in  each  of  which  are  giTCO  two  sides  and  tbe 
inoloded  angle.  Find  tbe  area  of  each  of  these  triangles  as  directed  under  tbe  preceding  head  "  Trt' 
angles."  and  add  them  together. 

Havlnir  the  fonr  anfirles,  and  either  pair  of  opposite  sides. 

Begin  with  one  of  the  sides,  and  tbe  two  angles  at  its  ends.  If  tbe  sam  of  these  two  angles  exceeds 
180°,  subtract  each  of  them  from  180°.  and  make  use  of  tbe  reras  instead  of  tke  angles  tbemsehres. 
Then  consider  this  side  and  its  two  adjacent  angles  (or  the  two  rems,  as  the  case  mar  be)  as  tfaeaa 
»f  a  triangle ;  and  find  its  area  as  directed  for  that  ease  nnder  the  preceding  bead  "  Triangle."  Do 
tbe  same  with  the  other  glTen  side,  and  its  two  adjacent  angles,  (or  their  rems,  as  the  case  maj  be.) 
Subtract  the  least  of  the  areas  thus  found,  fh>m  the  greatest;  tbe  rem  will  be  the  reqd  area. 

MaviniT  three  sides;  and  tbe. two  included  anirles. 

Mult  together  tbe  middle  side,  and  one  of  tbe  adjacent  sides ;  mult  the  prod  by  the  nat  sine  of  their 
included  angle ;  call  tbe  result  a.  Do  the  same  with  tbe  middle  side  and  iu  other  adjacent  side, 
and  the  nat  sine  of  tbe  other  included  angle;  call  tbe  result  h.  Add  the  two  angles  together ;  find 
the  diff  between  their  sum  and  IBO*',  whether  greater  or  less ;  find  tbe  nat  sine  of  tlifs  diff;  malt 
together  the  two  given  sides  which  are  opposite  one  another ;  mult  tbe  prod  by  the  nat  sine  Just  found ; 
call  tbe  result  e.    Add  together  tbe  results  a  and  h ;  then,  if  the  sum  of  the  two  given  angles  is  less 


togetber  the  two  given  sides  which  are  oppooUe  one  another ;  mult  tbe  prod  by  the  nat  sine  Just  found ; 
call  tbe  result  e.  Add  togetber  tbe  results  a  and  h ;  then,  if  the  sum  of  the  two  given  angles  is  less 
than  180°,  subtract  e  from  the  sum  of  a  and  6 ;  Aol/tbe  rem  will  be  the  area  of  tbe  trapesfnm.  Bat 
if  tbe  sum  of  tbe  two  given  angles  be  yreotor  than  180°,  add  togetber  tbe  three  results  a,  6,  and  e; 
half  their  sum  will  be  tbe  area. 

HairiniT  the  two  diagonals,  and  either  aniple  formed  by  their 
'  Interseetlon. 

See  Remarks  after  Parallelograms,  p  lit. 
In  railroad  measurements 

Of  excavation  and  embankment,  the  trapesiam 
Imno  frequently  occurs ;  as  well  as  the  two  6-sided 
flgures  In  not  and  t  m  n  o  s;  in  all  of  which  m  n 
represents  tbe  roadway  ;  r  «.  r  c,  and  r  (  tbe  oenter- 
deptbs  or  heights :  (  u  and  o  « the  side-deptbs  or 
heights,  as  given  by  the  level;  Im  and  n o  the  side* 
slopes. 

Tbe  same  general  rule  for  area  applies  to  all  three 
of  these  flgs ;  namely,  mult  tbe  extreme  hor  width 
u  V  by  half  tbe  center  depth  r  «,  r  c.  or  r  t,  as  the 
case  may  be.  Also  mult  one  fitwrth  of  tbe  widtb  of 
roadway  m  n,  by  tbe  turn  of  the  two  side-deptbs  I  u 
and  o  o.  Add  tbe  two  prtnls  togetber ;  tbe  sum  is  tbe 
reqd  area.  This  rule  applies  whether  the  two  side- 
slopes  m  I  and  n  o  have  the  same  angle  of  inclination  or  not.  in  ntllrMtd  work*  ete.t  the  raid. 
way  hor  width,  center  depth,  and  side  depths  of  a  prismold  are  respectively  =  Tht  half  snma  of 
the  corresponding  end  ones,  and  thus  can  be  found  without  actual  measurement. 
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To  draw  a  liexafcoii,  each  side  of  whleli  shall 
be  e^inal  to  a  siTen  line,  a  b. 

From  a  and  b,  with  rad  a  b,  describe  the  two  arcs ;  from  their  intersection, 
I,  with  the  same  rad,  describe  a  circle;  around  the  circomf  of  which,  step  off 
the  same  rad. 

Side  of  a  hexaaron  =  nnX  ^7735. 


to  draw  an  oetagron,  with  each  side 
equal  to  a  §iTen  line,  e  e. 

From  c  and  «  draw  two  perps,  cp. «».  Also  prolong  c  « toward 
/  and  g ;  and  from  e  and  0,  with  rad  equal  e  e,  draw  the  two 
qnadrants :  and  find  their  eenters  h  h :  Join  0  k,  and  e  h ;  draw 
ft  M  and  ft  (parallel  to  cp ;  and  make  each  of  them  equal  to  e «; 
make  e  o,  and  «  o,  each  equal  to  ft  ft ;  join  00,  o»,  and  0  (. 


Side  of  an  octac^on  =  nnX  .41421354. 


To  draw  an  octagron  in  a  flrivcn  square. 

From  each  comer  of  the  square,  and  with  a  rad  equal  to  half  its  diag, 
describe  the  four  arcs;  and  join  the  points  at  which  thej  cut  the  sides  of  the 


To  draw^  any  regrular  polygon,  with  each  side 
equal  to  n»  n. 

BiT  S60  degrees  bj  the  nnmber  of  sides ;  take  the  qnot  ftrom  180° ;  div  the 
nm  by  2.'  This  will  give  the  angle  emit,  or  en  m.  At  m  and  n  lay  down  these 
angles  by  a  protractor:  the  sides  of  these  angles  will  meet  at  a  point,  c.  ffom 
which  describe  the  circle  mnf,  and  around  its  oiroumf  step  off  dists  equal  to 
mn. 

In  any  circle,  tn  n  y,  Ut  draw  any  regular 
polygfon. 

DIvSWbT  thennmherof  sides;  theqnot  willbetheangle  mcn.atthecenter.  ^, 
Lay  off  this' angle  by  a  protractor ;  and  its  chord  m  n  will  be  one  side ;  which  Wt 
step  off  around  the  circomf. 

To  reduce  any  polytroh,  nm  abode  fa,  to  »  triaufrle  of  the 
sauie  area. 


If  we  nrodaee  tht  side /a  toward  w,  and  draw  h  g  parallel  to  a  e,  and  join  9  e.  we  get  eqaal  trl- 
mntte,  me  b  and  a  eg,  both  on  the  same  tMse  a  c ;  and  both  of  the  same  perp  height,  inasmuch  as 
they  are  between  the  two  parallels  a  0  and  y  6.  But  the  part  a  c  i  forms  a  portion  of  boih  these  tri- 
uudBs.  or  ia  other  two«<l,  <s  eoMai^  to  botiu  Therefore,  if  it  be  taken  away  from  both  triangles, 
theremaininK  parts.  <  c  5  of  one  of  them,  and  {  9  a  of  the  other,  are  also  equal.  Therefore,  if  the 
Dart  i  e  6  be  left  off  from  the  polygon,  and  the  part  <  ^  a  be  taken  into  it,  the  polygon  g/edcig  will 
have  the  same  area  as  a/sdeia;  but  it  will  have  but  &ve  sides,  while  the  other  has  six.  Again, 
tf  s  s  be  drawn  paraUel  to  <i  /,  and  d  s  joined,  we  have  upon  the  same  base  «  «,  and  between  the  same 
narallels  e  s  andct/,  the  two  equal  trlsAgles  e  «  d,  and  e  «/.  with  the  part  eo*  common  to  both ;  and 
•onseatteBUy  the  remaining  pan  eodot  one,  and  o  s /  of  the  other,  are  equal.  Therefore,  if  o « /  be 
toft^  ri«m  the  polygon,  and  eo  d  be  taken  into  it,  the  new  polygon  y  s  d  c  g,Vlg  2,  will  have  the  same 
SSf as V/«d  iff :  but  it  has  but  four  sides,  while  the  other  has  five.  Finally,  if  g ;  Fig  2,  be 
extended  toward  m  ;  and  d  f»  drawn  parallel  to  c  s ;  and  c  n  joined,  we  have  on  the  same  base  e  •,  and 
kMmen^tbe  same  parallels  c  «  and  d  »,  the  two  equal  triangles  e  «  n,  and  e  s  d,  with  the  part  c  «  ( 
enuBoo  toboth.  Thwefore,  if  we  leave  out  c  d «,  and  take  In  s  « n,  we  have  the  triangle  gne  «qual 
isthepolygonflSrfcy,  Flgi;  orto  a/sdcia,Figl. 

This^ple  method  U  appUcable  to  polygons  of  any  number  of  sides. 
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to  reduce  a  largre  ja&r,  abed efg,  to  a  smaller 
Mlinilar  oue. 

From  anj  interior  point  o,  which  bad  better  be  near  the  eeoter,  draw  line* 
to  ail  the  angles  a.  6.  c,  &o.  Join  these  lines  by  others  parallel  to  the  sides 
of  the  flg.  If  it  should  be  reqd  to  enlarge  a  small  flg,  draw,  from  any  point 
o  within  it,  lines  extending  beyond  its  angles ;  and  join  these  lines  by  others 
parallel  to  the  sides  of  the  small  tig. 


To  red  ace  a  map  to  one  on  a  smaller  scale. 

The  best  method  is  by  dividing  the  large  map  into  squares  by  fiaint  UneB,  with  a  very  soft  1< 
pencil,  and  then  drawing  the  reduced  map  upon  a  sheet  of 
smaller  rquares.     A  pair  of  proporttonal  dividers  will  assist  „ 
mnch  in  faxing  points  intermediate  of  the  sides  of  tbo  squares.  ^ 
If  the  large  map  would  be  injured  by  drawing    and  rubbing 
out  the  squares,  threads  may  be  stretched  across  it  to  form  the 
squares. 

Maps,  plans,  and  drawings  of  all  kinds,  are  now  copied, 
reduced,  enlarged,  and  multiplied,  cheaply  and  expeditiously,  by 
photography.  Most  of  the  newer  illustrations  In  this  work  are 
fW>m  electrotypes  made  by  tbe  "  wax  process,"  carried  on  bv 
R.  D.  Servoss.  21  Centre  St.,  New  York  ;  Jos.  Strnthers  ft  Co.,  U 
New  Chambers  St.,  New  York  ;  American  Banli  Note  Co..  Trinltr 
Place,  New  York,  and  A.  Zeese  &  Co.,  119  Monroe  St.,  Chicago. 

In  a  rectanfpnlar  fl|p,  ghsd, 

Representing  an  open  panel,  to  (lad  (he  pofnts  o  •  o  •  In  Hi 
aides;  and  at  equal  dista  from  the  anRles  g,  and  s ;  for  inserting 
a  diag  piece  o  o  o  o,  of  a  given  width  1 1,  measured  at  right 
angles  to  its  length.  Prom  g  and  «  as  centers,  describe  several  ^ 
concentric  arcs,  as  in  the  Pig.  Draw  upon  transparent  paper, 
two  parallel  lines  a  a.  c  c.  at  a  distance  apart  equal  toll:  and 

1  placing  these  lines  on  top  of  the  panel,  move  ttaem  aboat  ontil  it 
s  8bown  by  the  arcs  that  the  four  dists  go,  go,  »  o,  to,  are 
equal.  Instead  of  the  transpareot  paper,  a  atrip  of  common 
paper,  of  the  width  1 1  mav  be  U!»ed. 

Rbm.  Many  problems  which  would  otherwise  be  very  difficult, 
may  be  thus  solved  with  an  accuracy  sufficient  for  practical 

purposes,  by  means  of  transparent  pn  per. 

To  find  the  area  of  any  irregrnlar  poly- 
gron,  a  nb  c  m, 

piv  it  into  triangles,  as  a  n  b,  a  m  c,  and  a  6  c;  in  each  of 
wliicii  find  the  perp  dist  o,  between  its  base  a  6,  a  c,  or  6  e;  and 
the  opposite  angle  n,  m,  or  a;  mult  each  base  by  its  perp  dist; 
udd  all  the  prods  together ;  div  by  2. 

To  find  approx  tlie  area  of  a  lon^  ir- 

reHf  alar  fifp,  »»abcd.    Between  its  ends  a  6,  c  <i, 


space  oflf  equal  dists,  (the  shorter  they  are  the  more  accurate  will  be  the  result,)  through  whloh 
draw  the  intermediate  parallel  lines  1,  2,  8,  &o,  across  the  breadth  of  tbe  flg.  Measure  tbe  lengths 
of  these  intermediate  lines :  add  them  together :  to  the  sam  add  kt^  the  sum  of  tbe  two  end  breadths 
a  b  and  e  d.  Molt  the  entire  sum  by  one  of  the  equal  spaces  between  the  parallel  lines.  The  prod 
will  be  the 'area.  This  rule  answers  as  well  if  either  one  or  both  tbe  ends  terminate  in  points,  as  at  m 
and  n.  In  the  last  of  these  oases,  both  a  b  and  c  d  wUi  be  included  in  the  intermediate  lines ;  aiid 
half  the  two  end  breadths  will  be  0,:  or  nothing.  ^ 

To  find  the  area  of  a  fig*  whose  outline  Is  extremely 
irreg^nlar. 

Draw  lines  around  it  which  shall  enclose  within 
them  (as  nearly  as  oan  be  judged  by  eye)  as  much 
space  not  belonging  to  the  flg,  as  they  extdnde  space 
belonging  to  it.  The  area  of  the  simplified  flg  thus 
forntMlfbeingln  this  manner  rendered  equal  to  that 
of  tbe  oomplicated  oBe,niay  be  oaloulated  by  dividing 
it  into  triangles,  Ac.  By  using  a  piece  of  One  thread, 
the  proper  position  for  the  new  boundary  lines  may 
be  found,  before  drawingthem  in.  Small  irregular 
areas  may  be  found  fh>m  a  drawing,  by  laying  upon 
it  a  piece  <^  transpai^nt  paper  oarefuily  ruled  into 
small  squares,  each  of  a  given  area,  say  10,  20,  or 
100  sq  ft  each;  and  by  first  counting  the  whole 
squares,  and  th^^^.ad^l^^^Uj^J^ous  of  squares. 
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CIBCIiES. 

A  otr«le  Ifl  tlM  are*  ineladed  within  a  ourred  Una  of  •neb  ft  ebaraoter  that  crer^  pofot  lo  It  it 
equallj  distant  from  a  certain  point  within  It,  oallad  its  center.  The  ourred  line  ItMlf  ia  called  the 
olroumferenoe,  or  periphery  of  the  circle ;  or  very  commonly  it  is  called  the  circle. 

To  find  tbe  elrcmiirereiiee. 

Mult  diam  by  8.1418,  which  giree  too  much  by  only  .148  of  an  inch  In  a  mile.  Or*  as  113  is  to  S65 
so  is  diam  to  cironmf ;  too  great  I  inch  in  166  mile*.  Or*  mult  diam  by  8^;  too  great  by  about  1 
part  in  2486.  Or*  malt  area  by  12.566,  and  take  sq  root  of  prod.  Or*  use  Ubles  pp.  136  ftc.  The 
Greek  letter  «*,  aUo  p,  is  oaed  by  writers  to  deooto  thU  8.1416 ;  and  p*  ^  9.86M0. 

To  find  tbe  diam. 

DiT  the  eircamf  by  8.1416 ;  or,  as  855  Is  to  118,  so  Is  eiroumf  to  diam :  or,  mutt  the  elroumf.  by  7 : 
•ad  dlv  tbeprod  by  tl,  which  glres  tbe  dlain  too  small  by  only  abont  ene  part  in  :t486 ;  or,  malt  the 
area  by  1.2T8S;  and  take  the  sq  rt  of  Uie  prod j  or  use  tables  of  circles,  pp  125,  Ac 

The  diam  is  to  the  oiroamf  more  exactly  as  1  to  8.14159265. 

To  find  tlie  area  of  a  clrele. 

Square  the  diam;  mult  this  square  by  .7854;  or  more  accurately  by  .78589616:  or  square  the  olr> ' 
cumf;  mult  this  square  by  .07958:  or  more  acouratelv  by  .07957747 :  or  mult  half  the  diam  by  half  tbe 
eircamf;  or  refer  to  the  following  table  of  areas  of  circles.    Also  area  =  so  of  rad  X  3.1416. 

The  area  of  a  circle  is  to  the  area  of  any  circumscribed  straight-sideo  fig.  as  the  otroumf  of  the 
elrole  is  to  the  circumf  or  periphery  of  the  fli|.  The  area  of  a  square  inscribed  in* a  circle,  is  equal  to 
twice  tbe  square  of  the  rad.    Of  a  circle  in  a  iiquare,  ~  square  X  .7864. 

It  is  convenient  to  repaember,  in  rounding  off  a  square  comer  a  2>  c,  by  a  qvarter  of    ^ 
m  circle,  that  the  shaded  area  a  b  c  Is  equal  to  about  1  part  (correctly  .2146)  ef  the    "r* 
whole  square  a  6  e  d.  o 


For  tables  of  circamferenees  and  areas  of  eir- 
eles,  see  pages  125  to  140. 


To  find  tbe  diam  of  a  elrcle  equal  In  area  to  a  grlven  square. 

Mult  one  side  of  the  square  by  1.128.38. 

To  find  tbe  rad  of  a  elrcle  to  circnmserlbe  a  gplTen  square. 

Mult  one  side  by  .7071 ;  or  take  yi  the  diag. 

To  find  tbe  side  of  a  square  equal  in  area  to  a  c^lven  elrcle. 

Mult  the  diam  by  .88623. 

To  find  tbe  side  of  tbe  greatest  square  in  a  gkwen  elrcle. 

If  ult  diam  by  .7071.    Tbe  area  of  the  greatest  square  that  can  be  inscribed  in  a  circle  Is  equal  te 
twice  the  square  of  the  rad.  The  diam  X  by  1.3468  gives  the  side  of  an  equilateral  triangle  ofcqual  area. 


To  find  tbe  center  e,  of  a  griven  circle. 

Draw  any  chord  a  b ;  and  f^om  the  middle  of  it  o,  draw  at  r'ght  angles  to 
it,  a  diam  d  g ;  And  the  center  e  of  this  diam. 


To  describe  a  circle  tbrougrb  any  tbree 
points,  a  be,  not  in  a  straiipbt  line. 

Join  the  points  by  the  lines  a6,  6  c;  from  the  centers  of  these  lines  draw 
the  dotted  perps  meeting,  as  at  o,  which  will  be  the  center  of  the  circle. 
Or  from  b,  with  any  convenient  rad.  draw  the  arc  m  n;  and  from  a  and  c, 
with  the  same  rad,  draw  arcs  y  and  x;  then  two  lines  drawn  through  th« 
intersections  of  these  arcs,  will  meet  at  the  center  o. 

To  describe  a  circle  to  toncb   tbe  tbree 
aneles  of  a  trianirle  is  plainly  the  same  as  this. 
To  Inscribe  a  circle  In  a  trianirle  draw  two  lines 

bisecting  any  two  of  the  angles.    Where  these  lines  meet  is  the  center  of 
the  circle. 
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To  drair  a  tanfrent,  i  e  ^^  to  a  <»lM!le,  from  aiiy 
grlven  point,  e,  in  its  circnnif. 

Through  the  center  n,  and  the  giren  point  e,  drav  n  o ;  make  «  o  eqiul  to 
e  n :  from  n  and  o,  with  any  rad  ereater  than  half  of  o  n,  describe  the  tw« 
pairs  of  arc  <  <;  join  their  inbersectioDS  i  i. 

Here,  and  in  the  following  three  figs,  the  tangentt  are  ordinary  or  oeo- 
metrUKd  ones;  and  may  eud  where  we  please.  But  the  trigononutHcai 
tangent  of  a  given  angle,  must  end  in  a  secant,  main  the  top  fig  of  p  59. 

Or  from  e  lay  off  twx>  equal  dislances  ec^et)  and  draw  i  i 

parallel  to  e  (. 

To  draw  a  tangr*  ftahfto  a  circle,  from  a  point. 
a,  whicli  is  ontside  of  the  circle. 

Draw  a  c,  and  on  it  describe  a  semicircle ;  tbroagh  the  intersection, «,  draw 
atb.    Here  e  is  the  center  of  the  circle. 


To  draw  a  tanir>  ff  f^*  from  a  elrenlar  arc,  g  ae^ 

Of  which  n  a  is  the'rise.    With  rad  g  a,  describe  an  are,  <  a  o.     MsJl«  I  • 
equal  to  «  a.    Through  t  draw  g  h. 


To  draw  a  tanff  to  two  circles. 

First  draw  the  line  m  n,  just  toaebing  the  two 
circles;  this  gives  the  direction  of  the  tang.  Then 
fk-om  the  centers  of  the  circles  draw  the  radii,  o  o,  perp 
to  m  n.  The  points  ((  are  the  tang  points.  If  the 
tang  is  in  the  poaitioQ  of  the  dotted  Une,  tjf,  the  ope- 
ration is  the  same. 

Rem.     This  empirical  method  is  at 

least  OS  accurate  as  the  scientific  ones,  especiaUy  if 
a  correct  triangular  ruler  is  used  for  the  radii. 


If  any  two  chords,  as  a  b,  o  c,  cross  each  other, 

then  ason:nb::an:nc.  Hence,  nbXan^onXnc-  That 
is,  the  product  of  the  two  parts  of  one  of  the  lines,  is  ^e  the  pro- 
duct 01^ the  two  parts  of  the  other  line. 
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TABUB  -1  OF  CmClAWM. 

DUmeters  In  units  mud  •t^litlMf  4m. 

OircmnfprenoM  or  areaa  intermediate  of  thoee  in  this  table,  may  be  §omnd  by  tin- 
pie  arithmetical  proportion.  No  c 
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TABUS  1  OF  CIR€E>l»-(Contiiiiied). 
DiAmeters  In  imlto  and  eighths,  Ac. 


Diam. 

Circumr. 

DUm. 

Ciroumf. 

Area. 

Diam. 

Clroamf. 

AT«a. 

«8H 

89.1427 

6.S2.86 

38. 

119.381 

1134.1 

47  K 

149.618 

•  1781.4 

blH 

179.856 

2574.S 

H 

89.&354 

637.94 

H 

119.773 

1141.6 

150.011 

1790.8 

% 

180.249 

2585.4 

t 

89.9281 

643  55 

H 

120.166 

1149.1 

j^ 

150.404 

1800.1 

^ 

180.642 

2596.7 

90.3208 

649.18 

H 

120.559 

1156.6 

48. 

160.796 

1809.6 

181.034 

8608.0 

}i 

90.7135 

654.84 

H 

120.951 

1164.2 

H 

151.189 

1819.0 

^ 

181.427 

2619.4 

29, 

91.1062 

660.52 

H 

121.344 

1171.7 

161.682 

1828.5 

y^ 

181.820 

2630.7 

H 

91.4989 

666.23 

H 

121.737 

1179.3 

H 

161.975 

1837.9 

68. 

182.212 

2642.1 

y* 

91.8916 

671.96 

K 

122.129 

1186.9 

^ 

162.867 

1847.6 

H 

182.606 

2668.5 

% 

92.2813 

677.71 

39. 

122.622 

1194.6 

^ 

162.760 

1857.0 

H 

182.996 

2664.9 

H 

92.6770 

663.49 

H 

122.916 

1202.3 

^ 

16.1.153 

1866.5 

H 

183.890 

J — -  - 

H 

93.0697 

689.30 

123..308 

1210.0 

yc 

153.545 

1876.1 

H 

183.788 

H 

93.4624 

695.13 

5i 

123.700 

1217.7 

49. 

163.938 

1885.7 

K 

184.176 

% 

93.8551 

700.98 

^ 

124.093 

1225.4 

^ 

164.831 

1896.4 

h 

184.668 

80. 

91.2478 

706.86 

H 

124.486 

1233.2 

164.723 

1905.0 

H 

184.961 

^ 

94.6405 

712.76 

^ 

124.878 

1241.0 

^ 

166.116 

1914.7 

69." 

I86Ji64 

M 

95.0332 

718.69 

yi 

125.271 

1248.8 

166.609 

1924.4 

H 

185.747 

Ti 

95.4259 

724.64 

40. 

125.664 

1256.6 

•     ^ 

155.902 

1934.2 

k 

186.139 

^ 

95.8186 

730.62 

H 

126.056 

1264.5 

166.294 

1943.9 

186.532 

^ 

96.2113 

736.62 

H 

126.449 

1272.4 

% 

166.687 

1953.7 

Lz 

186.925 

96.6040 

742.64 

% 

126.842 

1280.8 

50. 

157.080 

1963.5 

ki 

187.817 

V 

96.9967 

748.69 

^ 

127.235 

1288.2 

157.472 

1973.3 

1^ 

187.710 

81. 

97.3894 

754.77 

K 

127.627 

1296.2 

^ 

167.866 

1983.2 

u 

188.108 

^ 

97.7821 

760.87 

128.020 

1304.2 

168.258 

1998.1 

60. 

188.496 

/4 

98.1748 

766.99 

y^ 

128.418 

1312.2 

^ 

168.650 

20030 

M 

188.888 

5i 

98.5675 

773.14 

41. 

128.805 

1320.3 

H 

159.048 

2012.9 

k 

188.281 

^ 

98.9602 

779.31 

^ 

129.198 

1328.3 

159.436 

2022.8 

H 

189.674 

« 

99..3529 

786.51 

}i 

129.591 

1336.4 

y^ 

159.829 

2032.8 

H 

190.068 

99.7456 

791.73 

fi 

129.983 

1344.5 

61. 

160.221 

2042.8 

^ 

190.466 

u 

100.138 

797.98 

^ 

130.376 

1352  7 

H 

160.614 

2052.8 

190.852 

82. 

100.531 

804.25 

&^ 

130.769 

1360.8 

161.007 

2062.9 

H 

191.244 

M 

100.924 

810.64 

^ 

131.161 

1365).0 

161.899 

2073.0 

61. 

191.687 

yi 

101.316 

816.86 

K  ■ 

131.554 

1377.2 

y£ 

161.792 

2083.1 

^ 

192.030 

H 

401.709 

823.21 

42. 

131.947 

1385.4 

^ 

162.185 

2093.2 

^ 

192.428 

H 

102.102 

829.58 

H 

132.340 

1393.7 

162.577 

2103.3 

192.816 

102.494 

835.97 

132.732 

1402.0 

u 

162.970 

2118.5 

H 

l«i.206 

102.887 

842.39 

% 

1.^.125 

1410.3 

52. 

163.363 

2123.7 

JJ 

193.601 

"U 

103.280 

848.83 

1^ 

133.618 

1418.6 

163.756 

2133.9 

198.998 

88. 

103.673 

855.30 

H 

133.910 

1427.0 

H 

164.148 

2144.2 

'  y£ 

194.886 

H 

104.065 

861.79 

134.303 

1435.4 

M 

164.541 

2154.5 

62. 

194.779 

5viv.i 

101.458 

868.31 

134.696 

1443.8 

164.934 

2164.8 

H 

195.171 

8031.8 

104.851 

874.85 

43. 

135.088 

1452.2 

H 

165.326 

2176.1 

195.564 

8048.5 

1^ 

105.213 

881.41 

% 

135.481 

1460.7 

^ 

166.719 

2186.4 

1^ 

195.967 

8055.7 

« 

105.636 

888.00 

135.874 

1469.1 

y^ 

166.112 

2196.8 

^ 

196.860 

8068.0 

106.029 

894.62 

% 

136.267 

1477.6 

58. 

166.604 

2206.2 

^ 

196.742 

8080.8 

TZ 

106.421 

901.26 

a 

136.659 

1486.2 

166.897 

2216.6 

197.185 

8092.6 

84. 

106.814 

907.92 

ki 

137.052 

1494.7 

V 

167.290 

2227.0 

y^ 

197.528 

3IO4.0 

% 

107.207 

914.61 

^ 

1.S7.445 

1503.3 

H 

167.683 

2237.6 

68. 

197.920 

8117.2 

107.600 

921.32 

K 

137.837 

1511.9 

168.076 

2248.0 

y^ 

198.818 

3129.6 

IZ 

107.992 

928.06 

44. 

138.230 

1620.5 

g 

168.468 

2258.6 

^ 

198.706 

8142.0 

w 

108.385 

934.82 

H 

138.623 

1529.2 

168.861 

2269.1 

199.066 

8154.6 

R 

108.778 

941.61 

% 

139.015 

1537.9 

jg 

169.253 

2279.6 

y^ 

199.401 

8166.0 

109.170 

948.42 

H 

139.408 

1546.6 

54. 

169.646 

2290.2 

H 

199.884 

8170.4 

x/ 

109.563 

955.25 

^ 

139.801 

1555.3 

H 

170.039 

230<3.8 

200.277 

8191.0 

85. 

109.956 

962.11 

^ 

HO.  194 

1564.0 

g 

170.431 

2311.6 

V 

200.668 

3204.4 

^ 

110.348 

96^.00 

140  586 

1572.8 

170.824 

2322.1 

64. 

201.062 

3217.6 

^ 

110.741 

975.91 

}i 

140.979 

1581.6 

H 

171.217 

2332.8 

y^ 

201.465 

3229.6 

111.134 

982.84 

4&r 

141.372 

1590.4 

^ 

171.600 

2343.6 

g 

201.847 

8242.2 

^J 

111.527 

989.80 

141.764 

1599.3 

172.002 

2364.8 

202.840 

3254.8 

111.919 

996.78 

^ 

142.157 

1608.2 

% 

172.895 

2365.0 

y^ 

202.688 

8267.5 

112.312 

1003.8 

142.650 

1617.0 

56. 

172.788 

2375.8 

^ 

203.025 

8280.1 

T^ 

112.706 

1010.8 

^ 

142.942 

1626.0 

173.180 

2386.6 

208.418 

3292.8 

88. 

113.097 

1017.9 

H 

143.3.H6 

1634.9 

/4 

178.578 

2897.5 

yi 

208.811 

3805.6 

113.490 

1025.0 

143.728 

1643.9 

y^ 

173.966 

2408.3 

65. 

204.204 

8318.8 

1^ 

113.883 

1032  1 

•u 

144.121 

1652.9 

H 

174.858 

2419.2 

y^ 

204.696 

8881. 1 

114.275 

1039.2 

46. 

144.513 

1661.9 

H 

174.751 

2430.1 

% 

204.980 

8843.0 

t5 

114.668 

1046.3 

% 

144.906 

1670.9 

H 

176.144 

2441.1 

206.882 

3356.7 

1 

115.061 

105.3.5 

145.299 

1680.0 

K 

175.536 

2462.0 

yc 

205.774 

8.160.6 

115.454 

1060.7 

x^ 

145.691 

1689.1 

.76.^ 

176.929 

2463.0 

B 

206.167 

8882.4 

j^ 

115.846 

1068  0 

IZ 

146.084 

1698,2 

H 

176.322 

2474.0 

206  660 

8395.8 

87. 

116.239 

1075.2 

H 

146.477 

1707.4 

H 

176.716 

2485.0 

% 

206.952 

8408.2 

j^ 

lltt.6:V2 

1082.5 

146.869 

1716.5 

% 

177.107 

2496.1 

66. 

207.845 

.<t421.2 

y^ 

117.024 

1089.8 

H 

147.262 

1725.7 

H 

177.600 

2507.2 

207.788 

8484.2 

% 

117.417 

1097.1 

47. 

147.655 

1734.9 

H 

177.893 

2618.3 

y,' 

208.131 

.'M47.2 

^ 

117.810 

1104.5 

H 

148.048 

1744.2 

H 

178.285 

2629.4 

a^ 

208.523 

.S46U.2 

1^ 

118.202 

1111.8 

H 

148.440 

1753.6 

h 

178.678 

2640.6 

1^ 

208.916 

8473.2 

118.596 

1119.2 

148.a-» 

1762.7 

57. 

179.071 

2651.8 

i 

209.800 

3486.8 

5^ 

1.18.988 

1126.7 

H 

149.226 

1772.1 

H 

179.463 

2563.0 

209.701 

8499.4 

y  Google 


CIRCLES.  127 

TABE.E  1  OF  CIBCIiEfiMOoDtlnned). 
Blameters  In  nnito  and  elc^btbs,  Ae. 


y  Google 


128 


CIRCLES. 


TABI4E  3  OF  CIBCIiES. 

Diameters  In  units  and  tenths. 


Dia. 

Circamf. 

Area. 

Dia. 

Cireamf. 

ArM. 

ma. 

Circttmf. 

Area. 

0.1 

.314159 

.007854 

6.3 

19.79203 

31.17246 

12.6 

39.26891 

122.7185 

.2 

.628319 

.031416 

.4 

20.10619 

32.16991 

.6 

39.58407 

124.6898 

.3 

.942478 

.070686 

.5 

20.42085 

33.18307 

.7 

43!21239 

126.6769 

.4 

1.256637 

.125664 

.6 

20.73461 

34.21194 

.8 

128.6796 

.5 

1.570796 

.196350 

.7 

21.04867 

35.25652 

.9 

40.52655 

130.6981 

.« 

1.884956 

.282743 

.8 

21.36283 

36.31681 

18.0 

40.84070 

132.7323 

.7 

2.199115 

.884845 

.9 

21.67699 

37.39281 

.1 

41.15486 

134.7822 

.8 

2.513274 

.502655 

7.0 

21.99115 

38.48451 

.2 

41.46902 

136.8478 

.9 

2.827433 

.636173 

.1 

22.30531 

30.59192 

.8 

41.78318 

138.9291 

1.0 

3.141593 

.785398 

.2 

22.61947 

40.71504 

.4 

42.09734 

141.0261 

.1 

3.455752 

.950332 

.8 

22.93363 

41.85387 

.6 

42.41150 

143.1388 

.2 

3.769911 

1.13097 

.4 

23.24779 

43.00840 

.6 

42.72566 

145.2672 

.3 

4.084070 

1.32732 

.5 

23.56194 

44.17866 

.7 

43.03982 

147.4114 

.4 

4.398230 

1.53938 

.6 

28.87610 

45.36460 

.8 

43.35398 

149.5712 

.5 

4.712389 

1.76715 

.7 

24.19026 

46.56626 

.9 

43.66814 

151.7468 

.6 

5.026548 

2.01062 

.8 

24.50442 

47.78362 

14.0 

48.98230 

153.9380 

.7 

5.340708 

2.26980 

.9 

24.81858 

49.01670 

.1 

44.29646 

156.1450 

.8 

5.654867 

2.54469 

8.0 

25.13274 

50.26548 

.2 

44.61062 

158.3677 

.9 

6.969026 

2.88529 

.1 

25.44690 

51.52997 

.3 

44.92477 

160.6061 

2.0 

6.283185 

3.14159 

.2 

25.76106 

52.81017 

.4 

45.23893 

162.8602 

.1 

6.597345 

3.46361 

.8 

26.07522 

54.10608 

.6 

45.55309 

165.1300 

3. 

6.911504 

3.80138 

.4 

26.38938 

55.41769 

.6 

45.86726 

167.4155 

.3 

7.225663 

4.15476 

.5 

26.70364 

66.74502 

.7 

46.18141 

169.7167 

.4 

7.539822 

4.52389 

.6 

27.01770 

58.08805 

.8 

46.49557 

172.0336 

.5 

7.853982 

4.90874 

.7 

27.33186 

59.44679 

.9 

46.80973 

174.3662 

.6 

8.168141 

5.30929 

.8 

27.64602 

60.82123 

U.0 

47.12889 

176.7146 

.7 

8.482300 

5.72555 

.9 

27.96017 

62.21139 

.1 

47.43806 

179.0786 

.8 

8.796159 

6.15752 

9.0 

28.27433 

63.61725 

SL 

47.75221 

181.4584 

.9 

9.110619 

6.60520 

.1 

28.58849 

a5.03882 

.8 

48.06637 

183.8539 

8.0 

9.424778 

7.06858 

.2 

28.90265 

66.47610 

.4 

48.38053 

186.2650 

.1 

9.738937 

7.54768 

.8 

29.21681 

67.92909 

.5 

48.69469 

188.6919 

.2 

10.05810 

8.04248 

.4 

29.53097 

69.39778 

.6 

49.00886 

191.1345 

.3 

10.36726 

8.55299 

.5 

29.84513 

70.88218 

.7 

49.32300 

193.5928 

.4 

10.68142 

9.07920 

.6 

30.15929 

72.38229 

.8 

49.63716 

196.0668 

.6 

10.99557 

9.62113 

.7 

30.47345 

73.89811 

.9 

49.95132 

198.5565 

.6 

11.30973 

10.17876 

.8 

30.78761 

75.42964 

16.0 

50.26548 

201.0619 

.7 

11.62389 

10.75210 

.9 

31.10177 

76.97687 

.1 

50.57964 

203.5831 

.8 

11.93805 

11.34115 

10.0 

31.41593 

78.53982 

.2 

50.89880 

206.1199 

.9 

12.25221 

11.94591 

.1 

31.73009 

80.11847 

.8 

51.20796 

208.6724 

4.0 

12.56637 

12.56637 

.2 

32.04425 

81.71282 

.4 

51.52212 

211.2407 

.1 

12.88053 

13.20254 

.8 

32.35840 

83.32289 

.6 

51.83628 

213.8246 

H 

13.19469 

13.85442 

.4 

32.67256 

84.94867 

.6 

52.15044 

216.4243 

.3 

13.50885 

14.52201 

.5 

32.98672 

86.59015 

.7 

52.46460 

219.0397 

.4 

13.82301 

15.20581 

.6 

33.30088 

88.24734 

.8 

52.77876 

221.6708 

.5 

14.13717 

15.90431 

.7 

33.61504 

89.92024 

.9 

53.09292 

224.3176 

.6 

14.45133 

16.61903 

.8 

33.92920 

91.60884 

17X) 

53.40708 

226.9801 

.7 

14.76549 

17.34945 

.9 

34.24336 

93.31316 

.1 

53.72123 

229.6583 

.8 

15.07964 

18.09557 

11.0 

34.55752 

95.03318 

a. 

54.03539 

232.3522 

.9 

15.39380 

18.85741 

.1 

34.87168 

96.76891 

.8 

64.34956 

235.0618 

6.0 

15.70796 

19.63495 

.2 

35.18584 

98.52035 

.4 

54.66371 

237.7871 

.1 

16.02212 

20.42821 

.3 

35.50000 

100.2875 

.6 

54.97787 

240.5282 

.2 

16.33628 

21.23717 

.4 

35.81416 

102.0703 

.6 

55.29203 

243.2849 

.8 

16.65044 

22.06183 

.5 

36.1-2832 

103.8689 

.7 

55.60619 

246.0574 

.4 

16.96460 

22.90221 

.6 

36.44247 

105.6832 

.8 

56.92035 

248.8456 

^ 

17.27876 

23.75829 

.7 

36.75663 

107.5132 

.9 

56.23451 

251.6494 

.6 

17.59292 

24.63009 

.8 

37.07079 

109.3588 

18.0 

56.54867 

254.4690 

.7 

17.90708 

25.51759 

.9 

37.38495 

111.2202 

.1 

56.86283 

257.3043 

.8 

18.22124 

26.42079 

12.0 

37.69911 

113.0973 

.2 

57.17699 

260.1553 

.9 

18.53540 

27.33971 

.1 

38.01327 

114.9901 

.8 

57.49116 

26:^.0220 

6.0 

18.84956 

28.27433 

.2 

38.32743 

116.8987 

A 

57.80580 

265.9044 

.1 

19.16372 

29.22467 

.8 

38.64159 

118.8229 

J> 

58.11946 

268.8026 

^ 

19.47787 

30.19071 

.4 

38.95575 

120.7628 

.6 

68.43362 

27L7163 
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TABIiE  2  or  CIRCIiKS^Continaed). 
I^fameters  fn  nnlto  and  tenth*. 


Ma. 

Circumf. 

Area. 

Dla. 

Circsmr. 

Area. 

Dla. 

€irea«f. 

Ar«a. 

18.7 

58.74778 

274.6469 

24.9 

78.22566 

486.9547 

81.1 

97.70353 

759.6450 

.8 

69.061S>4 

277.5911 

2o.O 

78.53982 

490.8739 

.2 

98.01769 

764.6380 

.9 

59.37610 

280.5521 

.1 

78.85398 

494.8087 

.8 

98.3318.-) 

769.4467 

19.0 

59.69026 

283.5287 

.2 

79.16813 

498.7592 

.4 

98.64601 

774.8712 

.1 

60.00442 

286.5211 

.3 

79.48229 

502.7255 

.6 

98.96017 

779.3118 

.2 

60.31858 

289.5292 

.4 

79.79645 

506.7075 

.6 

99.27433 

784JJ672 

^ 

60.63274 

292.5530 

.6 

80.11061 

610.7062 

.7 

99.58849 

789.2388 

.4 

60.94690 

295.5925 

.6 

80.42477 

614.7185 

.8 

99.90265 

794.2280 

.5 

61.26106 

298.6477 

.7 

80.73893 

618.7476 

.9 

100.2168 

799.2290 

.6 

61.57522 

301.7186 

.8 

81.05309 

622.7924 

82.0 

100.5810 

804.2477 

.7 

61.88938 

304.8052 

.9 

81.36725 

626.8629 

.1 

100.8451 

809.2821 

.8 

62.20353 

307.9075 

26.0 

81.68141 

630.9292 

.2 

101.1593 

814.8322 

.9 

62.51769 

311.0255 

.1 

81.99557 

635.0211 

.8 

101.4734 

819.8980 

80.0 

62^185 

314.1593 

.2 

82.30973 

639.1287 

.4 

101.7876 

824.4796 

.1 

63.14601 

317.3087 

.8 

82.62389 

643.2521 

.6 

102.1018 

829.6768 

2. 

68.46017 

320.4739 

.4 

82.93805 

647.8911 

.6 

102.4159 

834.689^ 

.8 

63.77433 

323.6547 

.6 

83.25221 

661.5459 

.7 

102.7301 

839.8184 

.4 

64.08849 

326.a513 

.6 

83.56636 

555.7163 

.8 

103.0442 

844.9628 

.6 

64.40266 

330.0636 

.7 

83.88052 

559.9025 

.9 

103.3584 

850.1228 

.6 

64.71681 

333.2916 

.8 

84.19468 

564.1044 

88.0 

103.6726 

855.2986 

.7 

65.03097 

336.5353 

.9 

84.50884 

668.3220 

.1 

103.9867 

860.4901 

.8 

65.34618 

339.7947 

27.0 

84.82300 

672.6653 

.2 

104.3009 

865.6973 

.9 

65.65929 

343.0698 

.1 

85.13716 

676.8043 

.8 

104.6150 

870.9202 

«1.0 

65.97345 

346.3606 

.2 

85.45132 

681.0690 

.4 

104.9292 

876.1588 

.1 

66.28760 

349.6671 

.8 

85.76548 

685.8494 

.6 

105.2434 

881.4181 

2, 

66.60176 

852.9894 

.4 

86.07964 

689.6455 

.6 

105.5575 

886.6881 

& 

66.91592 

366.8273 

.5 

86.39380 

693.9574 

.7 

105.8717 

891.9688 

.4 

67.23008 

359.6809 

.6 

86.70796 

598.2849 

.8 

106.1858 

897.2703 

h 

67.54424 

363.0503 

.7 

87.02212 

602.6282 

.9 

106.5000 

902.5874 

.6 

67.85810 

366.4354 

.8 

87.33628 

606.9871 

84.0 

106.8142 

907.9203 

.7 

68.17256 

369.8361 

.9 

87.65044 

611.8618 

.1 

107.1283 

913.2688 

.8 

68.48672 

373.2526 

2S.0 

87.96469 

615.7522 

.2 

107.4425 

918.6331 

.9 

68.80088 

376.6848 

.1 

88.27875 

620.1582 

.3 

107.7566 

924.0131 

tt.O 

69.11504 

380.1327 

.2 

88.59291 

624.5800 

.4 

108.0708 

929.4088 

.1 

69.42920 

383.5963 

.8 

88.90707 

629.0175 

.6 

108.3849 

934.8202 

^ 

e9.74a% 

887.0756 

.4 

89.'2212g 

633.4707 

.6 

108.6991 

940.2473 

OJ 

70.05762 

390.5707 

.6 

89.53539 

637.9897 

.7 

109.0133 

945.6901 

.4 

70.37168 

394.0814 

.6 

89.84955 

642.4243 

.8 

109.3274 

951.1486 

.6 

70.68588 

397.6078 

.7 

90.16371 

646.9246 

.9 

109.6416 

956.6228 

.6 

70.99999 

401.1500 

.8 

90.47787 

651.4407 

86.0 

109.9567 

962.1128 

.7 

71.81415 

404.7078 

.9 

90.79208 

655.9724 

.1 

110.2699 

967.6184 

.8 

71.62831 

408.2814 

29.0 

91.10619 

660.5199 

.2 

110.5841 

973.1397 

.9 

71.94247 

411.8707 

.1 

91.42035 

665.0830 

.8 

110.8982 

978.6768 

2t.O 

72.25663 

415.4756 

.2 

91.73451 

669.6619 

.4 

111.2124 

984.2296 

.1 

72.57079 

419.0963 

.8 

92.04866 

674.2565 

.6 

111.5265 

989.7980 

.2 

■  72.88495 

422.7327 

.4 

92.36282 

678.8668 

.6 

111.8407 

995.8822 

^ 

73.19911 

426.3848 

& 

92.67698 

683.4928 

.7 

112.1549 

1000.9821 

.4 

78.51327 

430.0526 

.6 

92.99114 

688.1346 

.8 

112.4690 

1006.5977 

h 

78iJ2743 

433.7861 

.7 

93.30530 

692.7919 

.9 

112.7832 

1012.2290 

.6 

74.14159 

437.4854 

.8 

93.61946 

697.4650 

86.0 

113.0973 

1017.8760 

.7 

74.45575 

441.1503 

.9 

98.93;^2 

702.1538 

.1 

118.4115 

1023.5387 

.8 

74.76991 

444.8809 

80.0 

94.24778 

706.ao83 

.2 

113.7257 

1029.2172 

.9 

75.08406 

448.6273 

.1 

94.56194 

711.5786 

.3 

114.0398 

1034.9113 

24.0 

75.39822 

452.3898 

.2 

94.87610 

716.3145 

.4 

114.3540 

1040.6212 

.1 

75.71238 

456.1671 

.8 

95.19026 

721.0662 

.5 

114.6681 

1046.3467 

.2 

76.02654 

459.9606 

.4 

95.50442 

725.8336 

.6 

114.9823 

1052.0880 

.3 

7tJ.84070 

463.7698 

.6 

95.81858 

730.6166 

.7 

115.2965 

1057.8449 

.4 

76.65486 

467.5947 

.6 

96.13274 

785.4154 

.8 

115.6106 

1063.6176 

is 

76.96902 

471.4852 

.7 

96.44689 

740.2299 

.9 

115.9248 

1069.4060 

.6 

77.28818 

475.2916 

.8 

96.76105 

745.0601 

87.0 

116.2389 

1075.2101 

.7 

77.59784 

479.1686 

.9 

97.07521 

749.9060 

.1 

116.5531 

1081.0299 

.S 

77.91160 

488.0618 

81.0 

97.38937 

754.7676 

.2 

116.8672 

1066.8664 
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TABIiE  3  OF  €IBCUSS-<Ooutiiiued). 
Diameters  in  units  And  ten  tits. 


Dia. 

Clrcnmf. 

Area. 

Dia. 

Clreamr. 

Area. 

Dia. 

Circamf. 

Area. 

87.3 

117.1814 

1092.7166 

48.5 

136.6593 

1486.1697 

49.7 

156.1372 

1940.0041 

.4 

117.4956 

1098.5835 

.6 

136.9734 

1493.0105 

.8 

156.4513 

1947.8189 

.5 

117.8097 

1104.4662 

.7 

137.2876 

1499.8670 

.9 

156.7655 

1955.6493 

.6 

118.1239 

1110.3645 

.8 

137.6018 

1506.7398 

50.0 

157.0796 

1963.4954 

.7 

118.4380 

1116.2786 

.9 

137.9159 

1513.6272 

.1 

157.3938 

1971.3572 

.8 

118.7522 

1122.2083 

44.0 

138.2301 

1520.5808 

.2 

157.7080 

1979.2348 

.9 

119.0664 

1128.1538 

.1 

138.5442 

1527.4502 

.8 

158.0221 

1987.1-280 

88.0 

119.3805 

1134.1149 

.2 

138.8584 

1534.3853 

.4 

158.3863 

1995.0370 

.1 

119.6947 

1140.0918 

.8 

139.1726 

1541.3360 

.5 

158.6604 

2002.9617 

.2 

120.0088 

1146.0844 

.4 

139.4867 

1548.3025 

.6 

158.9646 

2010.9020 

.8 

120.3230 

1152.0927 

.5 

139.8009 

1655.2847 

.7 

169.2787 

2018.8581 

.4 

120.6372 

1158.1167 

.6 

140.1150 

1562.2826 

.8 

159.6929 

2026.8299 

^ 

120.9513 

1164.1564 

.7 

140.4292 

1569.2962 

.9 

159.9071 

2034.8174 

.6 

121.2655 

1170.2118 

.8 

140.7434 

1576.3255 

51.0 

160.2212 

2042.8206 

.7 

121.5796 

1176.2830 

.9 

141.0575 

1583.3706 

.1 

160.5354 

2050.8395 

.  -8 

121.8938 

1182.8698 

46.0 

141.3717 

1590.4313 

.2 

160.8495 

2058.8742 

•  .9 

122.2080 

1188.4724 

.1 

141.6858 

1^97.5077 

.3 

161.1637 

2066.9245 

89.0 

122.5221 

1194.5906 

.2 

142.0000 

1601.5999 

.4 

161.4779 

2074.9905 

.1 

122.8363 

1200.7246 

.8 

142.3141 

1611.7077 

.5 

161.7920 

2083.0723 

3. 

123.1604 

1206.8742 

.4 

142.6283 

1618.8313 

.6 

162.1062 

2091.1697 

.3 

123.4646 

1213.0396 

.6 

142.9425 

1625.9705 

.7 

162.4203 

2099.2829 

.4 

123.7788 

1219.2207 

.6 

143.2566 

1633.1255 

.8 

162.7345 

2107.4118 

J> 

124.0929 

1225.4175 

.7 

148.5708 

1640.2962 

.9 

163.0487 

2115.5563 

.6 

124.4071 

1231.6300 

.8 

148.8849 

1647.4826 

52.0 

163.3628 

2123.7166 

.7 

124.7212 

1237.8582 

.9 

144.1991 

1654.6847 

.1 

163.6770 

2131.8926 

.8 

125.0354 

1244.1021 

46.0 

144.5138 

1661.9025 

a. 

163.9911 

2140.0848 

.9 

125.3495 

1250.3617 

.1 

144.8274 

1669.1360 

.8 

164.8053 

2148.2917 

40.0 

125.6637 

1256.6371 

H 

145.1416 

1676.3853 

.4 

164.6195 

2156.5149 

.1 

125.9779 

1262.9281 

Z 

145.4557 

1683.6502 

.5 

164.9386 

2164.7537 

.2 

126.2920 

1269.2348 

A 

145.7699 

1690.9308 

.6 

165.2478 

2173.0082 

.3 

126.6062 

1275.5573 

.6 

146.0841 

1698.2272 

.7 

165.6619 

2181.2785 

.4 

126.9203 

1281.8955 

.6 

146.8982 

1705.5892 

.8 

165.8761 

2189.5644 

.5 

127.2845 

1288.2498 

.7 

146.7124 

1712.8670 

.9 

166.1903 

2197.8661 

.6 

127.5487 

1294.6189 

.8 

147.0265 

1720.2105 

6S.0 

166.5044 

2206.1834 

.7 

127.8628 

1301.0042 

.9 

147.8407 

1727.5697 

.1 

166.8186 

2214.5165 

.8 

128.1770 

1307.4052 

47.0 

147.6549 

1734.9445 

2 

167.1827 

2222.8653 

.9 

128.4911 

1313.8219 

J 

147.9690 

1742.3351 

.8 

167.4469 

2231.2298 

41.0 

128.8053 

1320.2543 

J2 

148.2832 

1749.7414 

.4 

167.7610 

2239.6100 

.1 

129.1195 

1326.7024 

.8 

148.5973 

1757.1635 

.5 

168.0752 

2248.0059 

.2 

129.4336 

1333.1663 

.4 

148.9115 

1764.6012 

.6 

168.3894 

2256.4175 

.8 

129.7478 

1339.6458 

.6 

149.2257 

1772.0546 

.7 

168.7035 

2264.8448 

.4 

130.0619 

1346.1410 

.6 

149.5398 

1779.6237 

.8 

169.0177 

2273  2879 

.5 

130.3761 

1352.6520 

.7 

149.8540 

1787.0086 

.9 

169.3818 

2281.7466 

.6 

130.6903 

1359.1786 

.8 

150.1681 

1794.6091 

54.0 

169.6460 

2290.2210 

.7 

131.0044 

1365.7210 

.9 

150.4823 

1802.0254 

.1 

169.9602 

2298.7112 

.8 

131.3186 

1372.2791 

48.0 

160.7964 

1809.6574 

.2 

170.2743 

2897.2171 

.9 

131.6327 

1378.8529 

.1 

151.1106 

1817.1050 

.8 

170.6885 

2315.7386 

42.0 

131.9469 

1385.4424 

.2 

151.4248 

1824.6684 

.4 

170.9026 

2824.2759 

.1 

132.2611 

1392.0476 

.8 

151.7389 

1832.2475 

.5 

171.2168 

2832  8289 

.2 

132.5752 

1398.6685 

.4 

152.0531 

1839.8423 

.6 

171.5310 

2341.3976 

.3 

132.8894 

1405.3051 

.5 

152.3672 

1847.4528 

.7 

171.8461 

2849.9820 

.4 

133.2035 

1411.9574 

.6 

152.6814 

1855.0790 

.8 

172.1598 

2858.5821 

;5 

133.5177 

1418.6254 

.7 

152.9956 

1862.7210 

.9 

172.4734 

2867.1979 

.6 

188.8318 

1425.3092 

.8 

153.3097 

1870.3786 

55.0 

1T2.7876 

2875.8294 

.7 

134.1460 

1432.0086 

.9 

153.6239 

1878.0519 

.1 

173.1018 

2384.4767 

.8 

134.4602 

1438.7238 

49.0 

153.9380 

1885.7410 

.2 

178.4169 

2393.1396 

.9 

134.7743 

1445.4546 

.1 

154.2522 

1893.4457 

.8 

173.7801 

2401.8183 

48.0 

135.0885 

1452.2012 

.2 

154.5664 

1901.1662 

.4 

174.0442 

2410.5126 

.1 

135.4026 

14.58.9635 

.8 

154.8805 

1908.9024 

.5 

174.3584 

2419.2227 

.2 

135.7168 

1466.7415 

.4 

155.1947 

1916.6543 

.6 

174.6726 

2427.9485 

.3 

136.0310 

1472.5352 

.5 

155.5088 

1924.4218 

.7 

174.9867 

2436.6899 

.4 

186.3451 

1479.8446 

.6 

155.8230 

1932.2051 

.8 

175.3009 

2445.4471 
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TABUB  a  OF  <»BCI.E»-(Continn6d). 
Biaoieteni  in  onlta  aii4  tenths. 


DU. 

droiaif. 

Ar«ft. 

ms. 

CircBBif. 

Area. 

ma. 

CircBBif. 

Area. 

56.9 

175.6150 

2454.2200 

68.1 

195.0929 

3028.8178 

68.3 

214.6708 

8663.7960 

fi«.0 

175.9292 

2463.0086 

2 

195.4071 

3088.5798 

.4 

214.8849 

3674.5324 

.1 

176.2483 

2471.8130 

.3 

196.7212 

8048.3580 

.6 

216.1991 

3685.2846 

.2 

176.6676 

2480.6330 

.4 

196.0364 

3058.1520 

.6 

215.5183 

3696.0523 

^ 

176.8717 

2489.4687 

.6 

196.3495 

3067.9616 

.7 

215.8274 

3706.8359 

.4 

177.1858 

2498.3201 

.6 

196.6637 

3077.7869 

.8 

216.1416 

8717.6351 

.5 

177.6000 

2507.1873 

.7 

196.9779 

3087.6279 

.9 

216.4657 

372a4500 

.6 

177.8141 

2516.0701 

.8 

197J2920 

3097.4847 

66.0 

216.7699 

3739.2807 

.7 

17ai283 

2524.9687 

.9 

197.6062 

3107.3671 

.1 

217.0841 

8750.1270 

^ 

178.4426 

2533.8830 

6S.0 

197.9203 

3117.2458 

.2 

217.8982 

3760.9891 

.9 

17^7666 

2542.8129 

.1 

198.2345 

3127.1492 

.3 

217.7124 

3771.8668 

S7.0 

179.0708 

2551.7586 

3. 

198.5487 

3137.0688 

.4 

218.0266 

8782.7603 

.1 

179.3849 

2560.7200 

.8 

198.8628 

3147.0040 

Jb 

218.3407 

3793.6696 

^ 

179.6991 

2569.6971 

.4 

199.1770 

3156.9550 

.6 

218.6648 

3804.5944 

^ 

180.0133 

2578.6899 

.6 

199.4911 

3166.9217 

.7 

218.9690 

3815.5350 

4 

180.3274 

2587.6986 

.6 

1S98053 

3176.9042 

.8 

219.2882 

3826.4913 

^ 

1806116 

2596.7227 

.7 

200.1195 

3186.9023 

.9 

219.5973 

3837.4633 

^ 

180.9567 

2605.7626 

.8 

200.4336 

3196.9161 

70.0 

219.9116 

3848.4510 

.7 

181.2699 

2614.8188 

.9 

200.7478 

3206.9456 

.1 

2202256 

8859.4544 

.8 

181.5841 

2623.8896 

64.0 

201.0619 

3216.9909 

.2 

220.6398 

8870.4736 

.9 

181.8882 

2632.9767 

.1 

201.8761 

8227.0518 

.8 

220.8540 

8881.5084 

i8^ 

182.2124 

2642.0794 

.2 

201.6902 

3237.1285 

.4 

221.1681 

3892.5590 

.1 

182.5265 

2651.1979 

.3 

202.0044 

3247.2209 

.5 

221.4823 

3903.6252 

J2 

182.8407 

2660.3321 

.4 

202.3186 

8257.3289 

.6 

221.7964 

3914.7072 

JS 

183.1549 

2669.4820 

.6 

202.6327 

3267.4527 

.7 

222.1106 

8925.8049 

A 

183.4690 

2678.6476 

.6 

202.9469 

3277.5922 

.8 

222.4218 

3936.9182 

J> 

183.7882 

2687.8289 

.7 

203.2610 

8287.7474 

.9 

222.7389 

8948.0473 

^ 

184.0978 

2697.0259 

.8 

203.5752 

3297.9183 

71.0 

223.0531 

8959.1921 

.7 

184.4116 

2706.2386 

.9 

208.8894 

3308.1049 

.1 

223.8672 

3970.3526 

A 

184.7256 

2715.4670 

66.0 

204.20&> 

3318.3072 

.2 

223.6814 

8981.5289 

.9 

185.0898 

2724.7112 

.1 

204.5177 

3328.5258 

.3 

223.9956 

3992.7208 

M.O 

185.8540 

2733.9710 

.2 

204.8318 

3338.7590 

.4 

224.3097 

4003.9284 

.1 

185.6681 

274a2466 

.8 

205.1460 

3319.0085 

.5 

224.6239 

4015.1518 

J2 

185.9828 

2752.5378 

.4 

205.4602 

3359.2736 

.6 

224.9880 

4026.3908 

.3 

186.2964 

276L8448 

.6 

205.7743 

3369.5545 

.7 

225.2522 

4037.6456 

.4 

186.6106 

2771.1675 

.6 

206.0885 

3379.8510 

.8 

225.6664 

4048.9160 

^ 

186.9248 

2780.5058 

.7 

206.4026 

3390.1633 

.9 

225.8805 

4060.2022 

.6 

187.2889 

2789.8599 

.8 

206.7168 

3400.4913 

780) 

226.1947 

4071.5041 

.7 

187.5681 

2799.2297 

.9 

207.0310 

3410.8350 

.1 

226.5088 

4082.8217 

.8 

187.8672 

2808.6152 

66.0 

207.3451 

3421.1944 

.2 

226.8230 

4094.1550 

.9 

188.1814 

2818.0166 

.1 

207.6593 

3431.5695 

.8 

227.1371 

4105.5040 

M.O 

188.4956 

2827.4834 

.2 

207.9734 

3441.9603 

A 

227.4513 

4116.8687 

.1 

188.8097 

2836.8660 

.3 

208.2876 

3452.3669 

Jb 

227  7655 

4128.2491 

J2 

189.1239 

2846.3144 

.4 

208.6018 

3462.7891 

.6 

228.0796 

4139.6452 

^ 

189.4380 

2855.7784 

.6 

208.9159 

3473.2270 

.7 

228.3938 

4151.0;)71 

.4 

1^.7522 

2865.2582 

.6 

209.2301 

3483.6807 

.8 

228.7079 

4162.4846 

^ 

190.0664 

2874.7536 

.7 

209.5442 

3494.1500 

.9 

229.0221 

4173.9279 

.6 

190.8805 

2884.2648 

3 

209.8584 

3504.6351 

76.0 

229.3363 

4185.3868 

.7 

190.6947 

289.3.7917 

.9 

210.1725 

a')15.1359 

.1 

229.6504 

4196.8615 

^ 

191.0068 

2903.334$ 

67.0 

210.4867 

3525.6524 

.2 

229.9646 

4208.3519 

^ 

191.3290 

2912.8924 

X 

210.8009 

3536.1845 

.8 

230.2787 

4219.8579 

•1.0 

191.6872 

2922.4666 

.2 

211.1160 

3546.7324 

.4 

230.5929 

4231.3797 

.1 

191.9618 

2932.056$ 

.3 

211.4292 

3557.2960 

.6 

230.9071 

4242.9172 

J2 

192.2665 

2941.6617 

.4 

211.7433 

3567.8764 

.6 

231.2212 

4254.4704 

Ji 

192.5796 

2951i»28 

J> 

212.0575 

3578.4704 

.7 

231.5854 

4266.0394 

A 

192.8988 

2960.9197 

A 

212..S717 

3589.0811 

.8 

231.8495 

4277.6240 

h 

198.2079 

2970.572$ 

.7 

212.6858 

3599.7075 

.9 

232.1687 

4289.2243 

..6 

193.6221 

2980.2405 

S 

213.0000 

3610.3497 
3621.0075 

74.0 

232.4779 

4300.8403 

.7 

193.8868 

2989.9244 

.9 

213.3141 

.1 

232.7920 

4312.4721 

.8 

194.1504 

2999.6241 

68.0 

213.6283 

3631.6811 

.2 

233.1062 

4324.1195 

.9 

194.4646 

8009.839ft 

;1 

213.9425 

3642.3704 

.3 

233.4208 

4.385.7827 

iio 

194.7787 

8019.0705 

.2 

214.2566 

8653.0754 

.4 

233.7345 

4347.4616 
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CIRCLES. 


TABI4E  3  OF  €llftCXKfiMCont<niied). 
DiAmetoni  In  unite  an4l  tenths. 


DIa. 

CircBinr. 

ArM. 

DU. 

Clronnf. 

AnMU 

Mm. 

CirevMf. 

Ar«iu 

74.5 

234.0487 

4359.1562 

80.7 

268.5265 

5114.8977 

86.9 

278.0044 

5981.0206 

.6 

234.3628 

4370.8664 

ji 

253.8«)7 

5127.5819 

87.0 

278.3186 

5944.6787 

.7 

234.6770 

4382.5924 

.9 

254.1648 

5140.2818 

.1 

273.6327 

5958.3525 

.8 

2S4.9911 

43»4.3341 

81.0 

251.4690 

6152.9974 

-2 

273.9469 

5972.0420 

.9 

235.3053 

4406.0916 

.1 

254.7832 

5165.7287 

J8 

274.2610 

6985.7472 

7o.Q 

235.6194 

4417.8647 

.2 

255.0973 

5178.4757 

.4 

274.6752 

5999.4681 

.1 

235.9336 

4429.6535 

.8 

255.4115 

5191.2384 

.5 

274.8894 

6013.2047 

.2 

236.2478 

4441.4580 

.4 

255.7256 

5204.0168 

.6 

275.2085 

6026.9570 

.8 

236.5619 

4453.2783 

.6 

256.0398 

6216.8110 

.7 

275.6177 

6040.7250 

.4 

236.8761 

4465.1142 

.6 

256.8540 

5229.6208 

.8 

275.8318 

6054.5088 

.6 

237.1902 

4476.9659 

.7 

256.6681 

5242.4468 

.9 

276.1460 

6068.3082 

.6 

237.5044 

4488.8332 

.8 

256.9823 

6255.2876 

88.0 

276.4602 

6082.1284 

.7 

237.8186 

4500.7163 

.9 

257.2964 

6268.1446 

.1 

276.7743 

6095.9542 

.8 

238.1327 

4512.6151 

82.0 

257.6106 

6281.0178 

.2 

277.08i'5 

6109.8008 

.9 

238.4469 

4524.5296 

.1 

257.9248 

5293.9056 

.8 

277.4026 

6123.6631 

76.0 

238.7610 

4536.4598 

.2 

258.2389 

6306.8097 

.4 

277.7168 

6137.5411 

.1 

239.0752 

4548.4057 

.3 

2-58.5531 

6319.7295 

.5 

278.0809 

6151.4348 

.2 

239.3894 

4;560.3673 

.4 

258.8672 

6332.6650 

.6 

278.8451 

6165.3442 

.3 

239.7035 

4572.3446 

.5 

259.1814 

6345.6162 

.7 

278.6693 

6179.2698 

.4 

240.0177 

4584.3377 

.6 

259.4956 

6358.5832 

.8 

278.9784 

6193  2101 

.5 

240.3318 

4596.3464 

.7 

259.8097 

6371.5658 

.9 

279.2876 

6207.1666 

.6 

210  6460 

4608.3708 

.8 

260.1289 

5384.5641 

89.0 

279.6017 

6221.1389 

.7 

240.9602 

4620.4110 

.9 

260.4880 

6397.5782 

-.1 

279.9159 

6235.1268 

.8 

241.2743 

4632.4669 

88.0 

260.7522 

5410.6079 

.2 

280.2301 

6249.1304 

.9 

241.5885 

4614.5384 

.1 

261.0668 

5423.6534 

.8 

280.5442 

6263.1498 

77.0 

241.9026 

4656.6257 

.2 

261.3805 

6436.7146 

.4 

280.8584 

62';/.1849 

.1 

242.2168 

4668.7287 

.3 

261.6947 

64J9.7915 

.5 

281.1725 

6291.2356 

.2 

242.5810 

4680.8474 

.4 

262.0088 

5462.8840 

.6 

281.4867 

6305.8021 

.8 

242.8451 

4692.9818 

.5 

262.8230 

6475.9928 

.7 

281.8009 

6319.8843 

.4 

243.1598 

4705.1319 

.6 

262.6371 

5489.1163 

.8 

282.1150 

6333.4822 

.5 

243.4734 

4717.2977 

.7 

262.9513 

6502.2561 

.9 

282.4292 

6347.5958 

.6 

243.7876 

4729.4792 

.8 

263.2655 

6515.4115 

90.0 

282.7488 

6361.7251 

.7 

244.1017 

4741.6765 

.9 

263.5796 

6528.5826 

.1 

283.0575 

6875.8701 

.8 

244.4159 

4753.8894 

84.0 

263.8938 

6541.7694 

.2 

283.3717 

6390.0309 

.9 

244.7301 

4766.1181 

.1 

264.2079 

5554.9720 

.3 

283.6858 

6404.2073 

78.0 

245.0442 

4778.3624 

.2 

264.5221 

5568.1902 

.4 

284.0000 

6418.3996 

.1 

245.8584 

4790.6225 

.3 

264.8863 

6581.4242 

.5 

284.3141 

6432.6073 

.2 

245.6725 

4802.8983 

.4 

265.1604 

5594.6739 

.6 

284.6283 

6446.8309 

.3 

240.9867 

4815.1897 

.5 

265.4646 

6607.9392 

.7 

284.9425 

6461.0701 

.4 

246.3009 

4827.4969 

.6 

265.7787 

5621.2208 

.8 

285.2566 

6475.3251 

.5 

246.6150 

4839.8198 

.7 

266.0929 

6634.5171 

.9 

285.5708 

6489.5958 

.6 

246.9292 

4852.1584 

.8 

266.^71 

6647.8296 

91.0 

285.8849 

6503.8822 

.7 

247.2433 

4864.5128 

.9 

266.7212 

6661.1578 

.1 

286.1991 

6518.1843 

.8 

247.5575 

4876.8828 

86.0 

267.03.54 

6674.5017 

'  .2 

286.5133 

6532.6021 

.9 

247.8717 

4889.2685 

.1 

267.8495 

5687.8614 

.3 

286.8274 

6546.8356 

7D.0 

248.1858 

4901.6699 

.2 

267.6637 

6701.2367 

.4 

287.1416 

6561.1848 

.1 

248.5000 

4914.0871 

.3 

267.9T79 

5714.6277 

.6 

287.4657 

6575.5498 

.2 

248.8141 

4926.5199 

.4 

268.2920 

5728.0345 

.6 

287.7699 

6589.9304 

.3 

249.1283 

4938.9685 

.5 

268.6062 

6741.4569 

.7 

288.0840 

6604.3268 

.4 

249.4425 

4951.432S 

.6 

268.9203 

5754.8061 

.8 

288.8982 

6618.7388 

.5 

249.7566 

4963.9127 

.7 

269.2345 

6768.3490 

.9 

288.7124 

6633.1666 

.6 

250.0708 

4976.4084 

.8 

269.5486 

6781.8185 

92.0 

289.0265 

6647.6101 

.7 

250.3849 

4988.9198 

.9 

269.8628 

5795.8038 

.1 

289.8407 

6662.0692 

.8 

250.6991 

5001.4469 

86.0 

270.1770 

5808.8048 

.2 

289.6548 

6676.5441 

.9 

251.0183 

5013.9897 

.1 

270.4911 

5822.8215 

.8 

289.9690 

6691.0347 

80.0 

251.3274 

5026.5482 

.2 

270.8053 

58a'>.8539 

.4 

290.2832 

6705.5410 

.1 

251.6416 

5039.1225 

.8 

271.1194 

6849.4020 

.5 

290.5978 

6720.0630 

.  .2 

251.9.=i57 

5051.7124 

.4 

271.4386 

5862.9659 

.6 

290.9116 

6784.6008 

.3 

2o2-'e699 

5064.3180 

.5 

271.7478 

6876.6454 

.7 

291.2256 

6749.1M2 

.4 

252.5840 

5076.9394 

.6 

272.0619 

5890.140? 

.8 

291.5898 

6763.7288 

.5 

252.8982 

6089.5764 

.7 

272.3761 

5903.7516 

.9 

291.8540 

6778.3082 

.6 

253.2124 

6102.2292 

.8 

272.6902 

6917.3788 

98.0 

292.1681 

679'>.««7 
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!f  ABLJB  »  OF  €IB€I«EfiMOoutiniied). 
Blameteni  lu  aniis  nn^  tenU^tu 


DU. 

Clrcamf. 

Area. 

Dia. 

Ctrcomf. 

Area. 

Dia. 

97.8 

Clrconf. 

Area. 

»3.1 

292.4823 

6807.5250 

95.5 

300.0221 

7168.0276 

807.2478 

7512.2078 

.2 

292.7964 

6822.1569 

.6 

300.3363 

7178.0366 

.9 

807.5619 

7627.5780 

.3 

298.1106 

6836.8046 

.7 

300.6504 

7198.0612 

98.0 

807.8761 

7642.9640 

.4 

293.4248 

6851.4680 

.8 

900.9646 

7208.1016 

.1 

308.1902 

7568.8656 

.5 

293.7389 

6866.1471 

.9 

301.2787 

7228.1577 

.2 

308.5044 

7573.7830 

.6 

294.0531 

688D.8419 

96.0 

301.5929 

7288.2295 

.8 

808.8186 

7589.2161 

.7 

294.3672 

6895.55^ 

.1 

801.9071 

7263.3170 

.4 

309.1327 

7604.6648 

.8 

294.6814 

6910.2786 

.2 

802.2212 

7268.4202 

.6 

809.4460 

7620.1293 

.9 

•^94.9956 

6925.0205 

.3 

302.5354 

7288.5891 

.6 

809.7610 

7685.6006 

04.0 

295.3097 

6939.7782 

.4 

302.8495 

7298.6737 

.7 

810.0752 

7661.1064 

.1 

295.6239 

6954.5515 

.6 

803.1637 

7318.8240 

.8 

810.8894 

7666.6170 

^ 

295.9380 

6969.3406 

.6 

803.4779 

7328.9901 

.9 

810.7086 

7682.1444 

.3 

296.2522 

6984.1453 

.7 

308.7920 

7844.1718 

H.O 

811.0177 

7697.6874 

.4 

296.5663 

6998.9658 

.8 

304.1062 

7359.8608 

.1 

811.3318 

7718.2461 

.5 

296.8805 

7013.8019 

.9 

304.4208 

7374.5824 

.2 

811.6460 

7728.8206 

.6 

297.1947 

7028.6538 

97.0 

804.7345 

7389.8118 

.3 

811.9602 

7744.4107 

.7 

297.5088 

7043.5214 

.1 

805.0486 

7405.0569 

.4 

812.2748 

7760.0166 

.8 

297.8230 

7058.4047 

.2 

805.3628 

7420.3162 

J> 

812.5885 

7775.6882 

.9 

298.1371 

7073.3087 

.3 

805.6770 

7485.5922 

.6 

812.9026 

7791.2754 

05.0 

298.4513 

7088.2184 

.4 

305.99U 

7450.8889 

.7 

818.2168 

7806.9284 

.1 

298.7655 

7103.1488 

.5 

306.3053 

7466.1913 

.8 

813.5300 

7822.6971 

.2 

299.0796 

7118.0950 

.6 

306.6194 

7481.5144 

.9 

818.8461 

7888.2815 

.8 

299.3938 

7133.ft'>68 

.7 

306.9336 

7496.8582 

[00.0 

814.1598 

7863.9816 

.4 

299.7079 

7148.0343 

Clrcamferenees  when  tbe  diameter  baa  more 
place  of  decimals. 


tlian  one 


Dlun. 

Giro. 

Diam. 
.01 

Giro. 

Di»m. 

Ctro. 

DUm. 

Giro. 

Diam. 

Ciw. 

.1 

.314159 

.031416 

.001 

.003142 

.0001 

.000314 

.00001 

.000031 

.2 

.628319 

.02 

.062832 

.002 

.006283 

.0002 

.000628 

.00002 

.000068 

.3 

.942478 

.03 

.094248 

.003 

.009425 

.0003 

.000942 

.00008 

.000094 

.4 

1.256637 

.04 

.125664 

.004 

.012566 

.0004 

.001257 

.00004 

.000126 

.5 

1570796 

.05 

.157080 

.005 

.015708 

.0005 

.001571 

.00005 

.000157 

.6 

1.884956 

.06 

.188496 

.066 

.018860 

.0006 

.001885 

.00006 

.000188 

.7 

2.199115 

.07 

.219911 

.007 

.021991 

.0007 

.002199 

.00007 

.000220 

.8 

2.513274 

.08 

.251327 

.008 

.025133 

.0008 

.002513 

.00008 

.000251 

.9 

2.827433 

.09 

.282743 

.009 

.028274 

.0009 

.002827 

.00009 

.000283 

]>lameter»  3.12099 
Clrenmference  =» 

Circ  for  dia  of       3.1 


.02 

.006 
.0009 
.00009 


Examples. 


Snm  of 
=  9.738937 
=  .062832 
=  .018850 
=  .002827 
=    .000283 


9.823729 


Cirenmfce  => 
Diameter  — 

Dia  for  circ  of 


9.823729 

Sam  of 
9.738937  =  3.1 


.084792 
.062832  = 

.02 

.021960 
.018850  = 

.006 

.003110 
.002827  = 

.0009 

.000283 
.000283  =_ 

.00009 

y  Google 
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TABLi:  S  OF  CIRCLES. 

Diams  in  units  and  twelfUiss  as  in  feet  and  incliefl. 


Dim. 

Circttmf. 

Area. 

Dift. 

Ctrcttinf. 

Areft. 

DiA. 

CIreomf. 

Arem. 

Ft.In. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.  ft. 

5  0 

15.70796 

19.63495 

10  0 

81.41593 

78.53982 

0  1 

.261799 

.005454 

1 

15.96976 

20.29491 

1 

31.67773 

79.85427 

2 

.523599 

.021817 

2 

16.28156 

20.96577 

2 

31.93958 

81.17963 

3 

.785398 

.049087 

8 

16.49336 

21.64754 

3 

32.20132 

82.51589 

4 

1.047198 

.087266 

4 

16.75516 

22.34021 

4 

32.46312 

^.86307 

5 

1.308997 

.136354 

5 

17.01696 

28.04880 

5 

32.72492 

85.22115 

6 

1.570796 

.196350 

6 

17.27876 

23.75829 

6 

32.98672 

86.59016 

7 

1.832596 

.267254 

7 

17.54056 

24.48370 

7 

33.24852 

87.97005 

8 

2.094395 

.349066 

8 

17.80236 

25.22001 

8 

88.51032 

89.36086 

9 

2.356196 

•441786 

9. 

18.06416 

25.96723 

9 

33.77212 

90.76258 

10 

2.617994 

.545415 

10 

18.32596 

26.72535 

10 

34.03392 

92.17520 

11 

2.879798 

.659953 

11 

18.58776 

27.49439 

11 

34.29572 

98.59874 

1  0 

3.14159 

.785398 

6  0 

18.84956 

28.27433 

11  0 

34.55752 

95.03318 

1 

3.40339 

.921752 

1 

19.11136 

29.06519 

1 

84.81932 

96.47858 

2 

3.66519 

1.06901 

2 

19.37315 

29.86695 

2 

35.08112 

97.93479 

8 

3.92699 

1.22718 

8 

19.63495 

30.67962 

8 

35.84292 

99.40196 

4 

4.18879 

1.39626 

4 

19.89675 

31.60819 

4 

85.60472 

100.8800 

5 

4.45059 

1.57625 

5 

20.15855 

82.38768 

5 

35.86652 

102.3690 

6 

4.71239 

1.76715 

6 

20.42035 

33.18307 

6 

36.12832 

103.8689 

7 

4.97419 

1.96895 

7 

20.68215 

34.03937 

7 

86.39011 

105.3797 

8 

6.23599 

2.18166 

8 

20.94395 

84.90659 

8 

36.65191 

106.9014 

9 

6.49779 

2.40528 

9 

21.20575 

35.78470 

9 

36.91371 

108.4340 

10 

6.76959 

2.63981 

10 

21.46755 

36.67373 

10 

87.17551 

109.9776 

11 

6.02139 

2.88525 

11 

21.72935 

87.57367 

11 

37.43781 

111.5320 

8  0 

6.28319 

3.14159 

7  0 

21.99115 

38.48451 

12  0 

37.69911 

118.0973 

1 

6.54498 

£^40885 

1 

22.25295 

39.40626 

1 

37.96091 

114.6736 

2 

6.80678 

3.68701 

2 

22.51475 

40.33892 

2 

38.22271 

116.2607 

3 

7.06858 

3.97608 

8 

22.77655 

41.28249 

8 

38.48451 

117.8588 

4 

7.83038 

4.27606 

4 

23.03835 

42.23697 

4 

38.74631 

119.4678 

5 

7.59218 

4.58694 

5 

23.30015 

43.20285 

5 

39.00811 

121.0877 

6 

7.85398 

4.90874 

6 

23.56194 

44.17865 

6 

39.26991 

122.7185 

7 

8.11578 

5.24144 

7 

23.82374 

45.16585 

7 

39.53171 

124.3602 

8 

8.37758 

5.58505 

8 

24.08554 

46.16396 

8 

39.79851 

126.0128 

9 

8.63938 

5.93957 

9 

24.34734 

47.17298 

9 

40.05531 

127.6763 

10 

8.90118 

6.30500 

10 

24.60914 

48.19290 

10 

40.31711 

129.3507 

11 

9.16298 

6.68134 

11 

24.87094 

49.22374 

11 

40.57801 

131.0360 

S  0 

9.42478 

7.06858 

8  0 

25.13274 

50.26548 

IS  0 

40.84070 

132.7323 

1 

9.68658 

7.46674 

1 

25.89454 

51.81818 

1 

41.10250 

184.4394 

2 

9.94838 

7.87580 

2 

25.65684 

52.38169 

2 

41.864.30 

136.1575 

3 

10.21018 

8.29577 

8 

25.91814 

53.45616 

8 

41.62610 

137.8865 

4 

10.47198 

8.72665 

4 

26.17994 

54.54154 

4 

41.88790 

139.6-263 

6 

10.73377 

9.16843 

5 

26.44174 

55.68782 

5 

42.14970 

141.3771 

6 

10.99557 

9.62113 

6 

26.70354 

56.74502 

6 

42.41150 

143.1388 

7 

11.25737 

10.08473 

7 

26.96534 

57.86312 

7 

42.67330 

144.9114 

8 

11.51917 

10.55924 

8 

27.22714 

58.99218 

8 

42.93510 

146.6949 

9 

11.78097 

11.04466 

9 

27.48894 

60.18205 

9 

43.19690 

148.4898 

10 

12.04277 

11.54099 

10 

27.75074 

61.28287 

10 

43.45870 

150.2947 

11 

12.30457 

12.04823 

11 

•28.01253 

62.44461 

11 

43.72050 

162.1109 

4  0 

12.56637 

12.56637 

0  0 

28.27433 

63.61725 

14  0 

43.98230 

153.9880 

1 

12.82817 

13.09542 

1 

28.53613 

64.80080 

1 

44.24410 

155.7761 

2 

13.08997 

13.63538 

2 

28.79793 

65.99526 

2 

44.50590 

157.6250 

8 

13.35177 

14.18625 

8 

29.05978 

67.20068 

8 

44.76770 

159.4849 

4 

13.61357 

14.74803 

4 

29.32153 

68.41691 

4 

45.02949 

161.3557 

6 

13.87537 

15.32072 

5 

29.5aS33 

69.64409 

6 

45.29129 

163.2374 

6 

14.13717 

15.90431 

6 

29.84513 

70.88218 

6 

45.55309 

165.1300 

7 

14.39897 

16.49882 

7 

30.10693 

72.13119 

7 

45.81489 

167.0335 

8 

14.66077 

17.10428 

8 

80.36878 

73.89110 

8 

46.07669 

168.9479 

9 

14.92257 

17.72056 

9 

30.63053 

74.66191 

9 

46.83849 

170.8732 

10 

15.18486 

18.84777 

10 

30.89238 

75.94864 

10 

46.60029 

172.8094 

11 

15.44616 

18.98591 

11 

81.15413 

77.23027 

11 

46.86209 

174.7565 
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TABLE  S  OF  CIBCIiSSMGontimied). 
J^tanis  in  units  and  tw^lCtlw;  as  in  feet  and  inekea* 


Dim. 

CircuBif. 

Area. 

Dis. 

Clrenmf. 

Ares. 

Di«. 

CtrcBHif. 

Area. 

Ft.ln. 

Feet. 

Sq.ft. 

Ftln. 

Feet. 

Sq.ft. 

Ft.Iii. 

Feet. 

Sq.ft. 

lo  0 

47.12389 

176.7146 

ao  0 

62.83185 

814.1593 

25  0 

78.63982 

490.8739 

1 

47.38569 

178.6835 

1 

63.09365 

316.7827 

1 

78.80162 

494.1518 

2 

47.64749 

180.6634 

2 

63.35545 

319.4171 

2 

79.06342 

497.4407 

3 

47.90929 

182.6642 

8 

63.61725 

322.0623 

8 

79.32521 

500.7404 

4 

48.17109 

184.6558 

4 

63.87906 

324.7185 

4 

79.68701 

504.0511 

5 

48.43289 

186.6684 

5 

64.14085 

827.3856 

5 

79.84881 

607.8727 

6 

48.69469 

188.6919 

6 

64.40265 

330.0636 

6 

80.11061 

510.7052 

7 

48.96649 

190.7263 

7 

64.66445 

332.7526 

7 

80.37241 

514.0486 

8 

49.21828 

192.7716 

8 

64.92625 

835.4628 

8 

80.63421 

517.4029 

9 

49.48008 

194.8278 

9 

65.18805 

338.1630 

9 

80.89601 

620.7681 

10 

49.74188 

196.8960 

10 

66.44985 

840.8846 

10 

81.15781 

624.1442 

U 

50.00368 

198.9730 

11 

66.71165 

843.6172 

11 

81.41961 

527.5312 

16  0 

50.26648 

201.0619 

21  0 

65.97345 

346.8606 

26  0 

81.68141 

630.9292 

1 

60.62728 

203.1618 

1 

66.23525 

849.1149 

1 

81.94321 

534.3380 

2 

50.78908 

205.2726 

2 

66.49704 

851.8802 

2 

82.20501 

687.7678 

8 

61.05088 

207.3942 

8 

66.75884 

864.6664 

8 

82.46681 

641.1884 

4 

61.31268 

209.5268 

4 

67.02064 

357.4434 

4 

82.72861 

544.6300 

5 

51.57448 

211.6703 

6 

67.28244 

360.2414 

5 

82.99041 

648.0826 

6 

51.88628 

213.8246 

6 

67.64424 

363.0503 

6 

83.25221 

551.5459 

7 

52.09808 

216.9899 

7 

67.80604 

366.8701 

7 

83.61400 

556.0202 

8 

52.85988 

218.1662 

8 

68.06784 

368.7008 

8 

83.77580 

658.5054 

9 

52.62168 

220.3683 

9 

68.32964 

371.6424 

9 

84.08760 

562.0015 

10 

52.88348 

222.5613 

10 

68.59144 

374.3M9 

10 

84.29940 

565.5085 

11 

53.14628 

224.7602 

11 

68.85324 

377.2584 

11 

84.66120 

569.0264 

17  0 

53.40708 

226.9801 

22  0 

69.11504 

880.1327 

27  0 

84.82300 

572.5553 

1 

53.66887 

229.2108 

1 

69.37684 

383.0180 

1 

85.08480 
§5.34660 

676.0960 

-   2 

53.93067 

231.4525 

2 

69.63864 

385.9141 

2 

679.6467 

3 

54^9247 

233.7050 

8 

69.90044 

388.8212 

8 

85.60840 

583.2072 

4 

54.45427 

235.9685 

4 

70.16224 

391.7392 

4 

85.87020 

686.7797 

5 

54.71607 

238.2429 

5 

70.42404 

394.6680 

5 

86.18200 

690.3631 

6 

54.97787 

240.6282 

6 

70.68583 

397.6078 

6 

86.89380 

693.9574 

7 

55.23967 

242.8244 

7 

70.94763 

400.6685 

7 

86.65560 

597.5626 

'8 

55.50147 

245.1315 

8 

71.20943 

403.5201 

8 

86.91740 

601.1787 

9 

65.76327 

247.4496 

9 

71.47123 

406.4926 

9 

87.17920 

604.8057 

10 

56.02507 

249.7784 

10 

71.73308 

409.4761 

10 

87.44100 

608.4436 

11 

56.28687 

262.1183 

11 

71.99483 

412.4704 

11 

87.70279 

612.0924 

18  0 

56.54867 

254.4690 

28  0 

72.25663 

416.4756 

28  0 

87.96489 

615.7622 

1 

56.81047 

256.8307 

1 

72.61843 

418.4918 

1 

88.22639 

619.4228 

2 

57.07227 

259.2032 

2 

72.78023 

421.6188 

2 

88.48819 

623.1044 

3 

67.33407 

261.5867 

3 

73.04203 

424.6568 

3 

88.74999 

626.7968 

4 

57.59587 

263.9810 

4 

73.30383 

427.6057 

4 

89.01179 

630.5002 

5 

57.85766 

266.3863 

5 

73.56563 

430.6654 

5 

89.27369 

634.2145 

6 

58.11946 

268.8025 

6 

73.82743 

433.7361 

6 

89.63539 

637.9397 

7 

58.38126 

271.2296 

7 

74.08923 

436.8177 

7 

89.79719 

641.6758 

8 

58.64306 

273.6676 

8 

74.36103 

439.9102 

8 

90.05899 

645.4228 

9 

58.90486 

276.1165 

9 

74.61283 

443.0137 

9 

90.32079 

649.1807 

10 

59.16666 

278.6764 

10 

74.87462 

446.1280 

10 

90.68259 

662.9495 

U 

59.42846* 

281.0471 

11 

75.13642 

449.2532 

11 

90.84439 

656.7292 

19  0 

69.69026 

283.5287 

24  0 

75.39822 

452.3893 

29  0 

91.10619 

660.5199 

1 

50.95206 

286.0213 

1 

76.66002 

456.6364 

1 

91.36799 

664.3214 

2 

60.21386 

288.5247 

2 

76.92182 

468.6943 

2 

91.62979 

668.1339 

3 

60.47566 

291.0391 

3 

76.18362 

461.8632 

8 

91.89159 

671.9572 

4 

60.73746 

293.5644 

4 

76.44542 

465.0430 

4 

92.16338 

675.7915 

6 

60.99926 

296.1006 

6 

76.70722 

468.2337 

5 

92.41518 

679.6367 

6 

61.26106 

298.6477 

6 

76.96902 

471.4862 

6 

92.67698 

683.4928 

7 

61.52286 

301.2056 

7 

77.23082 

474.6477 

7 

92.93878 

687.3597 

8 

61.78466 

308.7746 

8 

77.49262 

477.8711 

8 

^.20058 

691.2377 

9 

62.04645 

806.3544 

9 

77.75442 

481.1056 

9 

98.46238 

695.1265 

10 

62.30625 

808.9451 

10 

78.01622 

484.3507 

10  93.72418 

699.0262 

11 

02.57005 

311.5487 

11 

78.27802 

487.6068 

11  98.98508 

702.9368 
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CIRCLES. 


TABIiE  3  OF  CIB€LES^(ContinQe<I). 
Diams  in  nnito  and  twelltlis;  as  in  feet  and  inches. 


Dia. 

ClTcnoif. 

Area. 

Dia. 

Circumf. 

Area. 

Dia. 

Clrcninf. 

Arc*. 

Ft.  In. 

Feet. 

Sq.  ft. 

FtlD. 

Feet. 

Sq.ft. 

Ft.Tn. 

Feet. 

8q.ft. 

80  0 

94.24778 

706.8583 

85  0 

109.9557 

962.1128 

400 

125.6637 

1256.6371 

1 

94.50958 

710.7908 

1 

110.2175 

966.6997 

1 

125.9255 

1261.8785 

2 

94.77138 

714.7341 

2 

110.4793 

971.2975 

2 

126.1873 

1267.1309 

3 

95.03318 

718.6884 

3 

110.7411 

975.9063 

3 

126.4491 

1272.3941 

4 

95.29498 

722.6536 

4 

111.0029 

980.5260 

4 

126.7109 

1277.6683 

5 

95.55678 

726.6297 

5 

111.2647 

985.1506 

5 

126.9727 

1282.9534 

6 

95.81858 

730.6166 

6 

111.5265 

989.7980 

6 

127.2346 

1288.2493 

7 

96.08038 

734.6145 

7 

111.7883 

994.4504 

7 

127.4963 

1293.5662 

8 

96.34217 

738.6233 

8 

112.0501 

999.1137 

8 

127.7581 

1298Jr740 

9 

96.60397 

742.6431 

9 

112.3119 

1003.7879 

9 

128.0199 

1304.2027 

10 

96.86577 

746.6737 

10 

112.5737 

1008.4731 

10 

128.2817 

1809.5424 

11 

97.12757 

750.7152 

11 

112.8355 

1013.1691 

11 

128.5485 

1314.8929 

SI  0 

97.38937 

754.7676 

86  0 

113.0973 

1017.8760 

41  0 

128.8053 

1320.2548 

1 

97.65117 

758.8310 

1 

113.3591 

1022.5939 

1 

129.0671 

1325.6267 

2 

97.91297 

762.9052 

2 

113.6209 

1027.3226 

2 

129.3289 

1331.0099 

3 

98.17477 

766.9904 

3 

113.8827 

1032.0623 

3 

129.5907 

1886.4041 

4 

98.43657 

771.0865 

4 

114.1445 

1036.8128 

4 

129.8525 

1341.8091 

6 

98.69837 

775.1934 

5 

114.4063 

1041.5743 

5 

130.1143 

1347.2251 

6 

98.96017 

779.3113 

6 

114.6681 

1046.8467 

6 

130.3761 

1352.6520 

7 

99.22197 

783.4401 

7 

114.9299 

1051.1300 

7 

130.6379 

1358.0898 

8 

99.48377 

787.5798 

8 

115.1917 

10»5.9242 

8 

130.8997 

1363.5385 

9 

99.74557 

791.7304 

9 

115.4535 

1060.7293 

9 

131.1615 

1368.9981 

10 

100.0074 

795.8920 

10 

115.7153 

1065.6453 

10 

131.4233 

1374.4686 

11 

100.2692 

800.0644 

11 

115.9771 

1070.3723 

11 

131.6851 

1379.9000 

sa  0 

100.5310 

8W.2477 

87  0 

116.2389 

1075.2101 

42  0 

131.9469 

1385.4424 

•  1 

100.7928 

808.4420 

1 

116.5007 

1080.0588 

1 

132.2087 

1390.9456 

2 

101.0546 

812.6471 

2 

116.7625 

10819185 

2 

132.4705 

1396.4598 

3 

101.3164 

816.8632 

3 

117.0243 

1089.7890 

3 

132.732S 

1401.9848 

4 

101.5782 

821.0901 

4 

117.2861 

1094.670') 

4 

132.9941 

1407.5208 

5 

101.8400 

825.3280 

5 

117.5479 

1099.5629 

5 

133.2569 

1413.0676 

6 

102.1018 

829.5768 

6 

117.8097 

1104.4662 

6 

133.5177 

1418.6254 

7 

102.3636 

833.8365 

7 

118.0715 

1109.3804 

7 

133.7795 

1424.1941 

8 

102.6254 

838.1071 

8 

118.3333 

1114.3055 

8 

134.0413 

1429.7737 

9 

102.8872 

W2.3886 

9 

118.5951 

1119.2415 

9 

134.3031 

1435.3642 

10 

103.1490 

846.6810 

10 

118.8569 

1124.1884 

10 

134.5649 

1440.9656 

11 

103.4106 

850.9844 

11 

119.1187 

1129.1462 

11 

1318267 

1446.5780 

83  0 

103.6726 

855.2986 

8a  0 

119.3805 

1134.1149 

48  0 

135.0885 

1452.2012 

1 

103.93M 

859.6237 

1 

119.6423 

1139.0946 

1 

135.8503 

1457.8363 

2 

104.1962 

863.9598 

2 

119.9041 

1144.0851 

2 

185.6121 

1463.4804 

8 

104.4580 

868.3068 

8 

120.1659 

1149.08C6 

3 

135.8739 

1469.1364 

4 

104.7198 

872.6646 

4 

120.4277 

1154.0990 

4 

136.1357 

1474.8032 

5 

104.9816 

877.0334 

5 

120.6895 

1159.1222 

5 

136.3975 

1480.4810 

6 

105.2434 

881.4131 

6 

1209513 

1164.1564 

6 

136.6593 

1486.1697 

7 

105.5052 

885.803'; 

7 

121.2131 

1169.2015 

7 

136.9211 

1491.8693 

8 

l(fe.7670 

890.2052 

8 

121.4749 

1174.2575 

8 

137J829 

1497.6798 

9 

106.0288 

894.6176 

9 

121.7367 

1179.3244 

9 

137.4447 

1503.3012 

10 

106.2906 

899.0409 

10 

121.9985 

1184.4022 

10 

137.7065 

1509.0335 

11 

106.5524 

903.4751 

11 

122.2603 

1189.4910 

11 

137.9683 

1614.7767 

84  0 

106.8142 

907.9203 

89  0 

122.5221 

1194.5906 

44  0 

138.2801 

1520.5308 

1 

107.0759 

912.3763 

1 

122.7839 

1199.7011 

1 

138.4919 

1526.2959 

2 

107.3377 

916.8433 

2 

123.0457 

12018226 

2 

138,7537 

1632.0718 

3 

107.5995 

921.3211 

3 

123.3075 

1209.9550 

3 

139.0155 

1537.8587 

4 

107.8613 

925.8099 

4 

123.5693 

1215.0982 

4 

189.27/3 

1643.6565 

5 

108.1231- 

930.3096 

5 

123.8311 

1220.2524 

5 

139.6391 

1549.4651 

6 

108.3849 

934.8202 

6 

124.0929 

1225.4175 

6 

139.8009 

1555.2847 

7 

108.6467 

939.3417 

7 

124.3&17 

1230.5935 

7 

140.0627 

1561.1152 

8 

108.9085 

943.8741 

8 

124.6165 

1235.7804 

8 

140.3245 

1566.9566 

9 

109.1703 

948.4174 

9 

124.8783 

12409782 

9 

1405863 

1572.8089 

10 

109.4321 

952.9716 

10 

125.1401 

1246.1869 

10 

140.8481 

1578.6721 

11 

109.6839 

957.5367 

11 

125.4019 

1251.4065 

11 

141.1099 

1684.5462 
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TABLE  3  OF  CIBCIiES-CCoiitiBtied). 
l^iams  in  mil  to  and  twelfllM;  as  in  feet  wnd  Ineliea. 


Dia. 

C^rcamf. 

Area. 

DHL  JciKOHlf. 

Area. 

Dia. 

ClKinf. 

Area. 

Ft.In, 

Feet. 

Sq.ft. 

FtJD. 

Feet. 

8q.ft. 

Ft.In. 

Feet. 

8q.lt. 

4»  0 

141.3717 

1590.4318 

50  0 

157.0796 

1968.4954 

55  0 

172.7876 

2375.8294 

1 

141.6335 

1596.3272 

1 

157.8414 

1970.0158 

1 

178.0491 

2388.0344 

2 

141.8953 

1602.2341 

2 

167.6032 

1976.60« 

2 

173.3112 

2390.2502 

3 

142.1571 

1608.1518 

8  157.8650 

1983.1794 

8 

173.5730 

2897.4770 

4 

142.4189 

1614.0805 

4 

158.1268 

1989.7626 

4 

173.8348 

2104.7146 

5 

142.6807 

1620.0201 

5 

158.3886 

1996  3567 

5 

174.0966 

2411.9632 

6 

142.9425 

1625.9705 

6 

158.6504 

2002.9617 

6 

174.8584 

2419.2227 

7 

143.2043 

1631.9319 

7 

158.9122 

2009.5776 

7 

174.6202 

2426.4931 

8 

143.4661 

1637.9042 

8 

159.1740 

2016.2044 

8 

174.8820 

2433.7744 

9 

143.7279 

1643.8874 

9 

159.4358 

2022.8421 

9 

175.1438 

2441.0666 

10 

143.9897 

1649.8816 

10 

159.6976 

2029.4907 

10 

175.4056 

2448.8697 

11 

144.2515 

1655.8866 

11 

159.9594 

2036.1502 

11 

175.6674 

2455.6837 

4e  0 

144.5133 

1661.9025 

51  0 

160.2212 

2042.8206 

56  0 

175.9292 

2463.0086 

1 

144.7751 

1667.9294 

1 

160.4830 

2049.5020 

1 

176.1910 

2470.3445 

2 

145.0369 

1673.9671 

2 

160.7448 

2056.1942 

2 

176.4528 

2477.6912 

8 

145.2987 

1680.0158 

8 

161.0066 

2062.8974 

8 

176.7146 

2185.0489 

4 

145.5605 

1686.0758 

4 

161.2684 

2069.6114 

4 

176.9764 

2492.4174 

5 

145.8223 

1692.1458 

5 

161.5302 

2076.3364 

5 

177.2382 

2499.7969 

6 

146.0841 

1698.2272 

6 

161.7920 

2083.0723 

6 

177.5000 

2507.1873 

7 

146.3459 

1704.3195 

7 

162.0538 

2089.8191 

7 

177.7618 

2514.5886 

8 

146.6077 

1710.4227 

8 

162.8156 

2096.5768 

8 

178.0236 

2522.0008 

9 

146.8695 

1716  5368 

9 

162.5774 

2103.^54 

9 

178,2854 

2529.4239 

10 

147.1313 

1722.6618 

10 

162.8392 

2110.1249 

10 

178.5472 

2536.8579 

11 

147.3931 

1728.7977 

11 

163.1010 

2116.9153 

11 

178.8090 

2544.3028 

47  0 

147.6549 

1784.9145 

52  0 

163.3628 

2123.7166 

57  0 

179.0708 

2551.7586 

1 

147.9167 

1741.1023 

1 

163.6246 

2130.5289 

1 

179.3326 

2559.2254 

2 

148.1785 

1747.2709 

2 

163.8864 

2137.3520 

2 

•179.5941 

2566.7030 

3 

148.4408 

1758.4505 

8 

164.1482 

2144.1861 

3 

179.8562 

2574.1916 

4 

148.7021 

1760.6410 

4 

164.4100 

2151.0810 

4 

180.1180 

2581.6910 

5 

148.9639 

1765.8423 

5 

164.6718 

2157.8869 

5 

180.3798 

2589.2014 

6 

149.2257 

1772.0546 

6 

161.9386 

2164.7587 

6 

180.6416 

2596.7227 
2604.2549- 

7 

149.4875 

1778.2778 

7 

165.1964 

2171.6314 

7 

180.9034 

8 

149.7^2 

1784.5119 

8 

165.4572 

2178.5200 

8 

181.1052 

2611.7980 

9 

ld0.0U0 

1790.7569 

9 

165.7190 

2185.4195 

9 

181.4270 

2619.3520 

30 

150.2728 

1797.0128 

10 

165.9808 

21923299 

10 

181.6888 

2626.9169 

11 

150.5346 

1803.2796 

11 

166.2426 

2199.2512 

11 

181.9506 

2634.4927 

48  0 

150.7964 

1809.5574 

58  0 

166.5044 

2206.1834 

58  0 

182.2124 

2642.0794 

1 

151.0582 

1815.8460 

1 

166.7662 

2218.1266 

1 

182.4742 

2649.6771 

2 

15L320O 

1822.1456 

2 

167.0280 

2220.0806 

2 

182.7360 

2657.2856 

8 

151.5818 

1828.456U 

8 

167.2898 

2227.0456 

3 

182.9978 

2664.9051 

4 

151.8436 

1834.7774 

4 

167.5516 

2234.0214 

4 

183.2596 

2672.6354 

5 

152.1054 

1841.1096 

5 

167.8134 

2241.0082 

5 

183.5214 

2680.1767 

6 

152.3672 

1847.4528 

6 

168.0752 

2248.0050 

6 

183.7832 

2687.8289 

7 

152.6290 

1858.8069 

7 

168.3370 

2255.0145 

7 

184.0450 

2695.4920 

8 

152.8908 

1860.1719 

8 

168.5988  1  2262.0340 

8 

184.8068 

2703.1659 

9 

153.1526 

1866.5478 

9 

168.8606  1  2269.0644 

9 

184.5686 

2710.8508 

10 

158.4144 

1872.9346 

10 

169.1224  2276.1057 

10 

184.8304 

2718.5467 

11 

153.6762 

1879.3324 

11 

169.3842  1  2283.1579 

11 

185.0922 

2726.2534 

49  0 

158.9380 

1885.7410 

54  0 

169.6460  ;  2290.2210 

6B  0 

185.8540 

2T33.9710 

1 

1511998 

1892.1605 

1 

169.9078 

2297.2951 

1 

185.6158 

2741.6995 

2 

154.4616 

1898.5910 

2 

170.1696 

2304.3800 

2 

185.8776 

2749.4390 

3 

154.7284 

1905.0323 

8 

170.4314 

2311.4759 

8 

186.1394 

2757.1898 

4 

154.9652 

19U.4846 

4 

170.6932 

2318.5826 

4 

186.4012 

2764.9506 

6 

1552470 

1917.9478 

5 

170.9550 

2325.7003 

5 

186.6630 

2772.7228 

6 

155.5068 

1924.4218 

6 

171.2168 

2332.8289 

6 

186.9248 

2780.5058 

7 

155.7706 

1980.9068 

7 

171.4786 

2839.9684 

7 

187.1866 

2788.2998 

8 

156.0324 

1987.4027 

8 

171.7404 

2347.1188 

8 

187.4484 

2796.1047 

9 

156.2942 

1948.9095 

9 

172.0022 

2354.2801 

9 

187.7102 

2803.9206 

10 

156.5560 

1950.4273 

10 

172.-2640 

2361.4523 

10 

187.9720 

2811.7472 

11 

156.8178 

1956.9559 

11 

172.5258 

2868.6354 

U 

188.2338 

2819.6849 
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CIRCLES. 


TABLE  S  OF  CIRCLES— (Gontinned). 
Dlams  in  units  and  twelfths;  as  in  feet  and  Inches. 


Dia. 

Circamf. 

Area. 

Dia. 

Circmnf. 

AreaC 

Dia. 

Circamf. 

Area. 

Ft.Iu. 

Feet. 

Sq.  ft. 

Ft.Iii. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

Sq.ft. 

60  0 

188.4956 

2827.4334 

66  0 

204.2035 

3318.3072 

70  0 

219.9115 

8848.4510 

1 

188.7574 

2835.2928 

•1 

204.4653 

3326.8212 

1 

220.1733 

8857.6194 

2 

189.0192 

2843.1632 

204.7271 

3335.3460 

2 

220.4351 

8866.7988 

3 

189.2810 

2851.0444 

8 

204.9889 

3343.8818 

8 

220.6969 

3875.9890 

4 

189.5428 

2858.9366 

4 

205.2507 

3352.4284 

4 

220.9587 

8885.1902 

5 

189.8046 

2866.8397 

5 

205.5125 

3360.9860 

6 

221.2205 

3894.4022 

6 

190.0664 

2874.7536 

6 

205.7743 

3369.5545 

6 

221.4823 

3903.6252 

7 

190.3282 

2882.6785 

7 

206.0361 

3378.1389 

7 

221.7441 

8912.8691 

8 

190.5900 

2890.6143 

8 

206.2979 

3886.7241 

8 

222.0059 

3922.1039 

9 

190.8518 

2898.5610 

9 

206.5597 

3395.3253 

9 

222.2677 

3931.3596 

10 

191.1136 

2906.5186 

10 

206.8215 

3403.9375 

10 

222.5295 

3940.6262 

11 

191.3754 

2914.4871 

11 

207.08aS 

8412.5605 

11 

222.7913 

8949.9P87 

61  0 

191.6372 

2922.4666 

66  0 

207.3461 

8421.1944 

71  0 

223.0581 

8959.1921 

1 

191.8990 

2930.4569 

1 

207.6069 

3429.8392 

1 

228.3149 

8968.4915 

2 

192.1608 

2938.4581 

2 

207.8687 

3438.4950 

2 

228.5767 

8977.8017 

3 

192.4226 

2946.4703 

8 

208.1305 

3447.1616 

8 

223.8385 

3987.1229 

4 

192.6843 

2954.4934 

4 

208.3923 

3455.8392 

4 

224.1008 

8996.4649 

5 

192.9461 

2962.6273 

5 

208.6541 

3464.5277 

5 

224.3621 

4005.7979 

6 

193.2079 

2970.5722 

6 

208.9159 

3473.2270 

6 

224.6239 

4015.1618 

7 

193.4697 

2978.6280 

7 

209.1777 

3481.9873 

7 

224.8857 

40245165 

8 

193.7315 

2986.6947 

8 

209.4395 

3490.6585 

8 

225.1475 

4033.8922 

9 

193.9933 

2994.7723 

9 

209.7013 

3499.3906 

9 

225.4093 

4043.2788 

10 

194.2551 

8002.8608 

10 

209.9631 

3508.1886 

10 

225.6711 

4052.6763 

11 

194.5169 

3010.9602 

11 

210,2249 

3516.8875 

11 

225.9329 

4062.0648 

62  0 

194.7787 

3019.0705 

67  0 

210.4867 

3525.6524 

72  0 

226.1947 

4071.5041 

1 

195.0405 

3027.1918 

1 

210.7485 

3534.4281 

1 

226.4565 

4080.9843 

2 

195.3023 

3035.3239 

2 

211.0103 

8543.2147 

2 

226.7188 

4090.3755 

3 

195.5641 

3043.4670 

3 

211.2721 

3552.0123 

8 

226.9801 

4099.8275 

4 

195.8259 

3051.6209 

4 

211.5339 

8560.8207 

4 

227.2419 

4109.2905 

5 

196.0877 

3059.7858 

5 

211.7967 

3569.6401 

5 

227.5037 

4118.7643 

.  6 

196.3495 

3067.9616 

6 

212.0575 

3578.4704 

6 

227.7655 

4128.2491 

7 

196.6113 

3076.1483 

7 

212.3193 

3587.3116 

7 

228.0278 

4187.7448 

8 

196.8731 

3084.3459 

8 

212.5811 

3596.1637 

8 

228.2891 

4147.2514 

9 

197.1349 

8092.5544 

9 

212.8429 

3605.0267 

9 

228.5509 

4156.7689 

10 

197.3967 

3100.7738 

10 

213.1047 

3618.9006 

icr 

228.8127 

4166.2973 

n 

197.6585 

3109.0041 

11 

218.3665 

3622.7854 

11 

229.0746 

4175.8866 

68  0 

197.9203 

3117.2453 

68  0 

213.6283 

3631.6811 

78  0 

229,8368 

4185.8868 

1 

198.1821 

3125.4974 

1 

213.8901 

3640.5877 

1 

229.5981 

4194.9479 

2 

198.4439 

3133.7605 

2 

214.1519 

3649.5053 

2 

229.8599 

4204.5200 

3 

198.7057 

3142.0344 

8 

214.4137 

3058.4837 

8 

280.1217 

4214.1029 

4 

198.9675 

3150.3193 

4 

214.6755 

8667.3731 

4 

230.3835 

4223.6968 

6 

199.2293 

3158.6151 

5 

214.9373 

3676.3234 

5 

230.6453 

4283.3016 

6 

199.4911 

3166.9217 

6 

215.1991 

3685.2845 

6 

280.9071 

4242.9172 

7 

199.7529 

3175.2393 

7 

215.4609 

3694.2566 

7 

231.1689 

4252.6438 

8 

200.0147 

3183.5678 

8 

215.7227 

3703.2896 

8 

231.4307 

4262.1813 

9 

200.2765 

3191.9072 

9 

215.9845 

3712.2335 

9 

231.6925 

4271.8297 

10 

200.5383 

3200.2575 

10 

216.2468 

3721.2883 

10 

231.9543 

4281.4890 

11 

200.8001 

3208.6188 

11 

216.5081 

3780.2540 

11 

282.2161 

4291.1592 

64  0 

201.0619 

3216.9909 

60  0 

216.7699 

3739.2807 

74  0 

282.4779 

4800.840S 

1 

201.3237 

3225.3739 

1 

217.0317 

3748.8182 

1 

282.7397 

4810.5824 

2 

201.5855 

3233.7679 

2 

217.2935 

3757.3666 

2 

233.0015 

4820.2353 

3 

201.8473 

3242.1727 

3 

217.5553 

3766.4260 

8 

283.2688 

4829.9492 

4 

202:1091 

3250.5885 

4 

217.8171 

3775.4962 

4 

233.5251 

4839.6739 

5 

202.3709 

3259.0151 

5 

218.0789 

3784.5774 

6 

283.7869 

4849.4096 

6 

202.6327 

3267.4527 

6 

218.3407 

3793.6695 

6 

284.0487 

4859.1562 

7 

202.8945 

3275.9012 

7 

218.6025 

3802.7725 

7 

234.3105 

4368.9136 

8 

203.1563 

3284.3606 

8 

218.8643 

3811.8864 

8 

284.5728 

4878.6820 

9 

203.4181 

3292.8309 

9 

219.1261 

3821.0112 

9 

284.8841 

4888.4613 

10 

203.6799 

3301.8121 

10 

219.3879 

3830.1469 

10 

235.0959 

4896.2515 

11 

203.9417 

3309.8042 

11 

219.6497 

3889.2985 

11 

285.8576 

4406.0526 
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TABI.I:  S  OF  CIB€I.I»-(Continaed). 
]>iiuns  tn  units  and  twelftlis;  as  in  feet  and  tncbes. 


Dis. 

Cireomf. 

Are.. 

Di«. 

Cire«mf. 

Areiu 

Dis. 

Circttinf. 

Ares. 

Ft.In. 

Feet. 

Sq.  ft. 

FUii. 

Feet. 

8q.ft. 

Ft.In. 

Feet. 

Sq.  ft. 

73  0 

235.6194 

4417.8647 

80  0 

251.3274 

5026.5482 

8d  0 

267.0354 

5674.5017 

1 

235.8812 

4427.6876 

1 

251.5892 

5037.0257 

1 

267.2972 

5685.6337 

2 

236.1430 

4437.5214 

2 

251.8510 

6047.5140 

2 

267.5590 

5696.7765 

3 

236.4048 

4447.3662 

3 

252.1128 

5058.0133 

8 

267.8208 

5707.9302 

4 

236.6666 

4457.2218 

4 

252.3746 

5068.5284 

4 

268.0826 

6719.0949 

5 

236.9284 

•4467.0884 

5 

252.6364 

5079.0445 

5 

268.3444 

6730.2705 

6 

237.1902 

4476.9659 

6 

25-2.8982 

5089.5764 

6 

268.6062 

5741.4669 

7 

237.4520 

4486.8548 

7 

253.1600 

5100.1193 

7 

268.8680 

5752.6543 

8 

237.7138 

4496.7536 

8 

253.4218 

6110.6731 

8 

269.1298 

5763.86-26 

9 

237.9756 

4506.6637 

9 

253.6836 

6121.2878 

9 

269.3916 

5775.0818 

10 

238.2374 

4516.5849 

10 

253.9454 

5131.8134 

10 

269.6534 

6786.3119 

11 

238.4992 

4526.5169 

11 

254.2072 

5142.3999 

11 

269.9152 

6797.5529 

76  0 

238.7610 

4536.4598 

81  0 

254.4690 

5152.9974 

86  0 

270.1770 

6808.8048 

1 

239.0228 

4546.4136 

1 

2»4.7308 

5163.6057 

1 

270.4388 

5820.0676 

2 

239.2846 

4556.3784 

2 

254.9926 

5174.2249 

2 

270.7006 

6831.3414 

3 

239.5464 

4566.3540 

3 

255.2544 

5184.8551 

8 

270.9624 

6842.6260 

4 

239.8082 

4576.3406 

4 

255.5162 

5195.4961 

4 

271.2242 

5853.9216 

5 

2i0.0700 

4586.3380 

5 

255.7780 

5206.1481 

6 

271.4860 

5865.2280 

6 

240.3318 

6 

256.0398 

5216.8110 

6 

271,7478 

5876.5454 

7 

240.5936 

4606.3657 

7 

256.3016 

5227.4847 

7 

272.0096 

5887.8737 

8 

'^40.8554 

4616.3959 

8 

256.5634 

5238.1694 

8 

272.2714 

5899.2129 

9 

241.U72 

4626.4370 

9 

256.8252 

5248.8650 

9 

272.5332 

5910.5630 

10 

241.3790 

4636.4890 

10 

257.0870 

5259.5715 

10 

272.7960 

5921.9240 

11 

241.6408 

4646.5519 

11 

257.3488 

5270.2889 

11 

273.0568 

5933.2959 

37  0 

2^.9026 

4656.6257 

82  0 

257.6106 

55-'  —8 

87  0 

273.3186 

5944.6787 

1 

242.1644 

4666.7104 

1 

257.8724 

5i     6 

1 

273.5804 

5956.0724 

2 

242.4262 

4676.8061 

2 

258.1342 

5J     6 

2 

273.8422 

6967.4771 

8 

242.6880 

4686.9126 

3 

258.3960 

52     7 

8 

274.1040 

6978.8926 

4 

242.9498 

4697.0301 

4 

258.6578 

55     6 

4 

274.8658 

5990.3191 

5 

213.2116 

4707^584 

5 

258.9196 

5J     S 

5 

274.6276 

6001.7564 

6 

243.4734 

4717.2977 

6 

259.1814 

5J     2 

6 

274.8894 

6013.2047 

7 

243.7852 

4727.4479 

7 

259.4432 

5J     9 

7 

275.1512 

6024.6639 

8 

243.9970 

4737.6090 

8 

259.7050 

5i 5 

8 

275.4180 

6086.1840 

9 

244.2588 

4747.7810 

9 

259.9668 

5378.0630 

9 

275.6748 

6047.6149 

10 

244.5206 

4757.9639 

10 

260.2286 

5388.9004 

10 

275.9366 

6059.1068 

11 

244.7824 

4768.1577 

11 

260.4904 

5399.7487 

11 

276.1984 

6070.6097 

78  0 

245.0442 

4778.3624 

88  0 

260.7522 

5410.6079 

88  0 

276.4602 

6082.1234 

1 

245.3060 

4788.5781 

1 

261.0140 

5421.4781 

1 

276.7220 

6093.6480 

2 

245.5678 

4798.8046 

2 

261.2758 

5432.3591 

2 

276.9838 

6105.1835 

3 

245.8296 

4809.0420 

8 

261.5376 

5443.2511 

8 

277.2456 

6116.7300 

4 

246.0914 

4819.2904 

4 

261.7994 

5454.1539 

4 

277.5074 

6128.2873 

5 

246.3532 

4829.5497 

5 

262.0612 

6465.0677 

5 

277.7692 

6139.8556 

6 

246.6150 

4839.8198 

6 

262.3230 

6475.9923 

6 

278.0309 

6151.4348 

7 

246.8768 

4850.1009 

7 

262.5848 

5486.9279 

7 

278.2927 

6163.0248 

8 

247.1386 

4860.3929 

8 

262.8466 

5497.8744 

8 

278.6545 

6174.6258 

9 

247.4004 

4870.6958 

9 

263.1084 

5508.8318 

9 

278.8163 

6186.2377 

10 

•247.6622 

4881.0096 

10 

263.3702 

6519.8001 

10 

279.0781 

6197.8605 

11 

247.9240 

4891.3343 

11 

263.6320 

5530.7793 

11 

279.3399 

6209.4942 

»  0 

24&1858 

4901.6699 

84  0 

263.8938 

5541.7694 

89  0 

279.6017 

6221.1389 

1 

248.4476 

4912.0165 

1 

264.1556 

5552.7706 

1 

279.8635 

6232.7944 

2 

248.7094 

4922.3739 

2 

264.4174 

5563.7824 

2 

280.1253 

6244.4608 

8 

248.9712 

4932.7428 

3 

264.6792 

5574.8053 

8 

280.3871 

6256.1382 

4 

249.2830 

4943.1215 

4 

264.9410 

5585.8390 

4 

280.6489 

6267.8264 

5 

249.4948 

49.>3.5117 

5 

265.2028 

5596.8837 

5 

280.9107 

6279.5266 

6 

249.7566 

4963.9127 

6 

265.4646 

5607.9892 

6 

281.1725 

6291.2356 

7 

250.0184 

4974.8247 

7 

265.7264 

5619.0057 

7 

281.4343 

6302.9566 

8 

250^2802 

4984.7476 

8 

265.9882 

5630.0881 

8 

281.6961 

6314.6885 

9 

250.5420 

4995.1814 

9 

266.2500 

5641.1714 

9 

281.9579 

6aE».4S18 

10 

250.8068 

5005.6261 

10 

266.5118 

5652.2706 

10 

282.2197 

6838.1860 

U 

251.0656 

6016.0817 

11 

266.7736 

5663.3807 

11 

282.4815 

6349.9496 
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TABLE  3  OF  CIKCIiES-KContintM^)- 
DlaiBS  in  units  and  twelftbs;  as  in  feet  and  inebcs. 


Dim.  Clrcamf. 

Ares. 

Dift. 

Circnuf. 

Ares. 

Dis. 

Circinf. 

Ares. 

Ft.In. 

Feet. 

Sq.ft. 

Ft.In. 

Feet. 

sq.a 

Ft.Io. 

Feet. 

Sq.ft. 

90  0 

282.7433 

6361.7251 

08  5 

293.4771 

6853.9134 

06  9 

803.9491 

7351.7686 

1 

283.0051 

6373.5116 

6 

298.7889 

6866.1471 

10 

804.2109 

7364.4886 

2 

283.2669 

6385.3089 

7 

294.0007 

6878.3917 

11 

804.4?27 

7377.1195 

3 

•J83.5287 

6397.1171 

8 

294.2625 

6890.6472 

07  0 

804.7345 

7389.8118 

4 

283.7905 

6108.9363 

9 

294.5243 

6902.9135 

1 

304.9963 

7402.5140 

6 

-284.0523 

6420.7663 

10 

294.7861 

6915.1908 

2 

805^2581 

7415.22VV 

6 

284.3141 

6432.6073 

11 

295.0479 

6927.4791 

8 

305.5199 

7427.9522 

7 

284.5759 

6444.4592 

04  0 

295.8097 

6939.7782 

4 

805.7817 

7440.6877 

8 

284.8377 

6156.3220 

1 

295.5715 

6952.0882 

5 

806.0435 

745a4840 

9 

285.0995 

6468.1957 

2 

295.8383 

69614091 

6 

806.8058 

7466.1913 

10 

285.3613 

6480.0803 

8 

296.0951 

6976.7410 

7 

806.5671 

747&9595 

11 

285.6231 

6491.9758 

4 

296.3569 

6989.0887 

8 

806.8289 

7491.7385 

01  0  285.8849 

6503.8822 

5 

296.6187 

7001.4874 

9 

807.0907 

7504.5285 

1  1  286.1467 

6515.7995 

6 

296.8805 

7018.8019 

10 

307.3525 

7517.8294 

2 

286.4085 

6527.7278 

7 

297.1428 

7026.1774 

11 

807.6148 

7580.1412 

3 

286.6703 

6539.6669 

8 

297.4041 

7088.5638 

08  0 

807.8761 

7542.9640 

4 

286.9321 

6551.6169 

9 

297.6659 

7050.9611 

1 

808.1379 

7555.7976 

5 

287.1989 

6563.5779 

10 

297.9277 

7068.8693 

2 

808.8997 

7568.6421 

6 

287.4557 

6575.5498 

11 

298.1895 

7075.7884 

8 

806.6615 

7581.4976 

7 

287.7175 

6587.5825 

06  0 

298.4613 

7088.2184 

4 

808.9288 

7594.3639 

8 

287.9793 

6599.5262 

1 

298.7131 

7100.6593 

5 

309.1851 

7607.2412 

9 

'288.2411 

6611.5308 

2 

298.9749 

7118.1112 

6 

809.4469 

7620.1293 

10 

288.5029 

6623.5463 

8 

299.2367 

7125.5739 

7 

809.7087 

7638.0284 

11 

288.7647 

6635.5727 

4 

299.4985 

7188.0476 

8 

809.9705 

7645.9384 

03  0 

289.0265 

6647.6101 

5 

299.7603 

7150.5321 

9 

310.2323 

7658.8593 

1 

289.2883 

6659.6583 

6 

300.0221 

7168.0276 

10 

310.4941 

7671.7911 

2 

289.5501 

6671.7174 

7 

300.2889 

7175.5840 

11 

810.7559 

7684.7838 

3 

289.8119 

6683.7875 

8 

300.5457 

7188.0513 

00  0 

811.0177 

7697.6874 

4 

290.0737 

6695.8684 

9 

300.8075 

7200.5794 

1 

311.2795 

7710.6519 

5 

290.3355 

6707.9603 

10 

301.0698 

7213.1185 

2 

311.S41S 

7723.6274 

6 

290.5973 

6720.0630 

11 

801.8311 

7225.6686 

8 

811.8081 

7786.6187 

7 

290.8591 

6732.1767 

06  0 

301.5929 

7288.2295 

4 

312.0649 

7749.6109 

8 

291.1209 

6744.3013 

1 

301.8547 

7250.8013 

6 

812.3267 

7762.6191 

9 

291.3827 

6756.4368 

2  302.1165 

7263.8840 

6 

812.5885 

7775.6382 

10 

291.6445 

6768.5832 

8  302.3783 

7275.9777 

7 

312.8508 

7788.6681 

11 

291.9063 

6780.7405 

4 

302.6401 

7288.5822 

8 

813.1121 

7801.7090 

03  0 

292.1681 

6792.9087 

5 

302.9019 

7301.1977 

9 

313.3789 

7814.7608 

1 

292.4299 

6805.0878 

6 

303.1687 

7813.8240 

10 

313.6357 

7827.8235 

2 

292.6917 

6817.2779 

7 

803.4255 

7326.4613 

11 

313.8975 

7840.8971 

3 

292.9585 

6829.4788 

8 

308.6873 

7339.1095 

100  0 

814.1593 

7853.9816 

4 

293.2153 

6841.6907 

Clrcumferenees  in  feet,  when  tlie  dtam  contains  fractions 
of  an  ineli.    See  aimilar  proceHa.  p  133. 


Dinrn. 

Cirenmr, 

Diara, 

Circnmf, 

DIam. 

CIraamr, 

Diun. 

Ciroumf, 

Diam, 

Cirenmr, 

laeh. 

foot 

.004091 

faMk. 

7-32 

foot 

.057269 

l«ek 

27-64 

f!M»t. 

.110447 

liieh. 

IWt. 

Ineh. 

63-64 

foot. 

164 

6-8 

.163626 

.216808 

1-32 

.008181 

15^ 

.061369 

7-16 

.114637 

41-64 

.167716 

27-32 

J220893 

3-64 

.012272 

A 

.065460 

29-64 

.1186->8 

21-32 

.insoe 

65-64 

.224984 

1-16 

.016362 

.069540 

16-32 

.12-2718 

43-64 

.176896 

7-8 

.229074 

6-64 

.020463 

9-32 

.0736.31 

31-64 

.126809 

11-16 

.179987 

67-64 

.233166 

8-32 

.024544 

19-64 

.077722 

^ 

.130900 

46-64 

.184078 

29-32 

.237256 

7-64 

.028634 

6-16 

.081812 

.134990 

28-82 

.188168 

69-64 

.241346 

^ 

.032726 

21-64 

.086903 

17-82 

.139081 

47-64 

.192269 

15-16 

.246437 

.036816 

11-32 

.089994 

36^54 

.143172 

4^ 

.196360 

61-64 

.249528 

6-32 

.040906 

23-64 

.094084 

9-16 

.147262 

.200440 

31-82 

.263618 

11-64 

.044997 

Jii 

.098175 

87-64 

.151363 

26-32 

.204681 

63-64 

.267709 

3-16 

.049087 

.102266 

19-32 

.156443 

61-64 

.208021 

1 

.261799 

13-64 

.<»d8l78 

13-32 

.106366 

39-64 

.160534 

13-16 

.212712 

yGoOgk 


CIRCULAR  ARCS. 
CIBCUI^B  ARCS, 


141 


Bulefl  for  Fig.  1  apply  to  all  arc§  eqonl  to,  or  Icps  Uian.  a  seini-clrcle. 

"  Fig.  2      "  •*  '*  orgrtatpr  ihun.  asmi-drcl*. 


Cl&orcli  a  b,  of  -vrliolo  »rc»  a  d  b, 

«=  2  X  \/rad  u8«  —  (fading  —  riso)^.  Fig.  1. 
=  2  X  \/radiiifi(2  _  (riso  —  radiuB)2.  Fig.  2. 
=-  2  X  >/nse  X  (2  X  radius  —  lis).    Figs.  1  and  2. 

—  2  X  nwiins  X  sine  of  y^ach.    Figs.  1  and  2. 

—  2  X  ^ '[^'*'l     .   .^    Figs.  1  and  2. 

tangent  of  ab  d* 

=*  2  X  dbl  X  cosioe  of  abd*    Figs.  1  and  2. 

—  2  X  \/dlA  —  risc2.    Fig^.  1  and  2.g 

—  approximately  S  X  db'i  —  3  X  length  of  arc  a  d Df .     Fig.  1. 

For  table  of  chords  t »  radius  1,  se^  p.  105. 

Ijciif^lky  adb, 

=  2  ,  ™,i„,  X  '""""'^'"8"»^  .  Fig..  1  a»d  2; 

■=  .01745  X  ra'^iis  X  arc  a  d  b  in  degrves.     Figs.  1  and  2. 

If  the  arc  contains  fractious  of  a  degree,  see  p.  57. 

=  drcumfiTonco  of  circle  —  length  of  Btnan  arc  snbtending  angle  acb.    Fig.  2. 

8  X  dbg  ~  chord  gfr.** 
•=  approximately 5 Fig.  1» 

Continued  on  p.  141a.    See  also  tables,  pp.  143, 144  and  145. 


* o 6 d  is  =■  ^  of  the  angle  acb,  subtended  by  the  arc    In  Fig.  2  the  latter  angle 
exceeds  180<^. 
g d 6  =  chord  of  d i 6,  or  of  half  adb=^ \/ri8e2  +  (J^  «  bjf    Flps.  1  and  2. 

mnltiplv  the  result  by 
1.0044 
1.0021 
1.0003a 
1.00016 

multiply  the  result  by 
1.0015 
1.0007 
1.00012 
1.00006 


f  If  rise  «= 
.6     chord, 
.4         * 
.333     « 
.3         « 

•*  If  riso  — 
.6     chord 
.4 

.3:«     " 
.3        » 


multiply  the  result  by 
1.036 
1.0193 
1.0114 
1.C083 


.25   chord, 

.2 

.126     " 

.1         « 


multiply  the  result  by  I  If  rise  — 

1.012      •  I       .26    chord 

1.0066  I       .2         « 

1.0038  I       .126     " 

1.0028  I       .1         '' 
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Fig.  S. 

Continued  from  p.  141. 

Rules  for  Fig.  1  apply  to  all  area  equal  to  or  less  than  a  semi-circle. 
"       '*   Fig.  2    *•  **  '•  or  greater  than  a  semi-circle. 

Radius,  ea,  ed,  ei  ox  eh, 

«  (^«»>)^  +  riseg  ^  pigg.  1  a„d  2. 

2  X  rise 
„  _d  6«|_  ^  pigg.  1  and  2. 
2  X  rise 


sine  of  j/^acb 
rise  d  « 
1  —  cosine  of  ^  ocfc^ 


.  ,  Figs.  1  and  2. 


,  Fig.  1. 


'  sine  of  y^bcd^ 

rise  de 

1  +  cosine  of  J^  a  c  bf 


.  ,  Figs.  1  and  2. 
,  Fig.  2. 


For  tables  of  radii  to  chords  of  100  feet,  and  of  20  metres,  see  pp.  727  and  728. 

RIae,  or  middle  ordinate,  d  e, 

—  radius  —  \/radius2  —  (^ab^.  Fig.  1. 

—  radius  +  \/radiusa  —  {l^a  6)«,  Fig.  2. 
=-  radius  X  (1  —  cosine  of  6cd||),  Fig.  1. 
-=  radius  X  (1  +  cosine  of  6  c  d  |I),t  Fig.  2. 

—  ^^^       ,  Figs.  1  and  2. 
2  X  radius 

—  1^  a  6  X  tangent  of  a  6  d,*  Figs.  1  and  2. 

—  approximately  ^4^^^  '  ^'«-  1- 

2  X  radius 

When  radius  —  chord  a  b,  the  result  is  6.7  parts  In  100  too  short. 
♦•  »«       =•  3  X  chord  a  6,  the  result  is  0.7  parts  in  100  too  short 

For  tables  of  middle  ordinates,  see  pp.  726  to  730. 

Side  ordinate,  as  n  i, 

—  \/radiu8«  —  en*  +  rise  —  radius,  Figs.  1  and  2. 

—  approximately  „^*  ^  **'*    .  Fig.  1. 

2  X  radius 

For  tables  of  side  ordinates,  Bee  p.  730. 

♦  a  6  d  is  =«  >^  of  the  angle  acb,  subtended  by  the  arc. 

t  Strictly,  this  should  read  1  muuu  codne ;  but  the  cosines  of  angles  between  9(fi 
and  270°  must  then  be  regarded  as  minm  or  negative.  Our  rule,  therefore,  amounts 
t)  the  same  thing. 

g d6  —  chord  of  d» &,  or  of  half  adb,^  \/ri8e«  +"(V^a6)a.    Figs.  1  and  2. 

"  ^  ^/  ,TJ***'  ***®  *"«'*  "  *  ^  subtended  by  the  ore  In  Fig.  2,  the  latter  angle 
exceeds  180°. 
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Aiif^le,  aeb,  subf  ended  bjr  arOf  ad¥. 

An  angle  and  its  sapplemeot  (m  6e«  and  hcd^  Hg.2)  bavo  Ui«  mu 
SHDne  co»me  and  tbe  same  tangmU. 
elation.    The  following  sines,  etc.,  are  thoee  of  only  ha\f  aeb. 

Sine  of  H  ac6  -  ^^  .  ^^S^- 1  and  2. 
'^'  radius 

/>_  •        *  1  •       i        radios  —  rite     „,     ,  ris«  —  mdius    _,     „ 

Cosine  uf  1^  ae6  — „ ,  Fig.  1 ;  —  ~  —   ,  Fi^.  2. 

^'  lodius        *      *     *  lad  us        '      * 


,_         H<^h 


Tangent  of  >$  a  c6 ,.^""   .      ,  FIg.l;-  -,     ^°^.,       ,  Fig.  X 

^"  radios  —  rise        ®  rise  —  radius       ^ 

rise 
Versed  sine  of  U  oc  6  —  —-77—  »  *'lg«.  1  and  2, 
"^  radius 


For  streas  of  seipinentt^  a  <i  ft  «,  see  p.  149. 

For  areas  of  sectors,  a  d  &  c,  see  p.  146. 

For  centers  of  gravity  of  arcs,  segments  and  sectors,  see  pp.  351  a,  e  and  d. 


To  descHlM  tiM  arc  oC  a  circle  too  large  fbr  tHe  dividers. 
1st  Metl&od*    Let  a  e  be  the  chord,  and  o  b  tbe  btigbt,  of  the  rt quired  arc,  as 


laid  down  on  the  drawing.  On  a  separate  strip  of  paper,  Btmn^  draw  a  c.  o  h.  and  a  6 
aUo  b  e,  psrallel  to  the  cho'd  a  e.  It  is  well  to  make  b«.  and  b  e,  each  a  litile  longer 
than  a  b.  Then  cut  off  the  paper  ^refully  along  tlte  lines  8  b  and  6  «,  so  as  to  Ivave 
remaining  only  the  strip  aabemn.  Now,  if  the  straight  sides  s  b  and  6  e  be  applied 
to  the  drawing,  so  that  any  jiarts  of  them  shall  touch  at  the  same  time  the  points  a 
and  6,  or  b  and  e,.the  point  6  on  the  strip  will  be  in  the  circumference  ot  tbe  arc, 
and  may  be  pricked  off.  Thus,  any  number  of  points  in  tbe  arc  may  be  found,  and 
afterward  united  to  form  the  curve. 
29d  Mellfcod*    firaW  the  span  ab;  the  rise  re;  and  ac,be.    From  e  with  radios 


e  r  describe  a  circle.  Make  each  of  the  arcs  o  t  and  i  I  equal  to  ro  or  r  i;  and  draw 
c  t.  cL  Divide  c^  cU  cr^  each  into  half  hs  many  eqUHl  pnrts  as  the  curve  is  to  be  diviued 
into.  Draw  tbe  lines  &1,  &2,  &3;  and  a4.  a5,  a6,  extended  to  meet  tbe  flrat  ones  at 
e, «,  h.  Then  e,  «,  A,  are  points  in  one  half  the  curve.  Then  for  tbe  other  half,  draw 
similar  lines  from  a  to  7,  8,  9;  and  others  from  b  to  meet  them,  as  before.  Trace 
tbe  corre  by  hand. 
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Renuurk.    It  mny  frequently  be  of  use  to  remember,  that  ia  any  arc  6  o  «,  not 

e 


exceeding  29°,  or  In  other  word«s*  whose  chord  be  is  at  Iraat  sixteen  times  its  ris&,  the 
middle  ordinate  a  o,  will  bi  oue-balt  of  a  c,  quite  iit-ar  enough  lor  mauy  pur- 
putit  s;  h  c  iind  8  c  bcin>e  tangents  to  the  iircf  And  rice  Yersa,  if  in  such  au  arc  we 
make  o  c  equal  a  o.  then  will  c  be,  very  nearly,  the  point  at  wtiich  tangen'B  from  the 
ends  of  the  arc  willmeet.  Also  the  middle  ordinate  n,  at  tlie  IkalC  are  o  6,  or 
OS,  will  be  approximately  %o(aOy  the  middle  ordinate  of  the  whole  arc.  Indeed, 
tills  last  obserTaciun  will  apply  near  enough  for  many  approximate  uses  even  if  the 
arc  be  as  great  aa  45° ;  for  if  in  that  case  we  take  3^  of  o  a  for  the  ordinate  n,  fi  will 
then  be  but  I  part  in  l</3  too  small;  and  therefore  the  principle  may  often  be  u<ied 
in  drawings,  tor  finding  points  iu  a  curve  of  too  great  radius  to  be  drawn  by  the 
dividers;  fir  in  the  same  manner,  %of  n  will  be  the  middle  ordinate  for  the  arc  n  6 
or  n  o;  and  f^o  on  to  any  extent.  Below  will  be  fonud  a  table  b^  ifrblrfet  tlfc«> 
rise  or  middle  ordinate  of  a  Half  aro  can  be  obtaiued  with  greater 
accuracy  wlien  required  for  more  exact  drawings. 

CTIRClJItAR  ARCS  IH  FKflSQ,UEllT  ITftBU 

Tlie  fifth  column  is  of  nr«e  for  finding  points  for  drawing  arc*  too  lai^ce  for  the 
beam-compass,  on  the  principle  given  above.  In  even  the  largi-st  office  drawiogs  it 
will  not  be  necessary  to  use  more  tlian  the  first  three  decimals  of  tlie  filth  column ; 
and  afrer  the  arc  is  snbdirid'Ml  into  part<t  smaller  than  about  36°  each,  the  first  two 
decimals  .25  will  generally  suffice.    Original. 


Rise 

Fop 

For  ri«e 

Bisc 

1     For 

For 

in 

Degrees 

For  rad 

length  of 

of  half 

in 

I>egri>es 

For  rad   length  ol 

rise  of 

parts 

ia  whole 

mult  rise 

•ro  ninlt 

arc 

parts 

in  whole 

mult  rise  jaro  ninit 

hairara 

of 

aro. 

by 

chord 

mult  rise 

of 

arc. 

by 

chord 

malt 

ohord. 

by 

by 

ehord. 

ty 

risebj 

1-50 

o 
9 

1 
9.76 

313. 

1.00107 

.2501 

• 

o         r 
66     8.70 

8.5 

1.04116 

.2538 

1-45 

10 

10.75 

263.626 

1.00132 

.2601 

1-7 

63  46.90 

6.626 

1.05366 

.2549 

1-40 

11 

26.98 

200.6 

1.00167 

.2502 

.165 

68  63.63 

6.70281 

1.06288 

.2657 

1-36 

13 

4.92 

153.625 

1.00219 

.2502 

1« 

73  44  39 

5. 

1.07260 

.2566 

1-30 

16 

16;« 

113. 

1.00296 

.2503 

.18 

79  11.73 

4.35P03,  1.08428 

.2576 

1-25 

19 

17.74 

78.025 

1.C0426 

.2504 

1-6 

87  12.;J4 

3.625      1.10347 

.2693 

1-20 

22 

60.64 

60.6 

1.00665 

.2506 

207107 

90 

3.41422!  1.11072 

.2599 

1-19 

24 

2.16 

46.625 

1.00737 

.2807 

.225 

96  6467 

2.96913  1.12997 

.2615 

1-18 

25 

21.66 

41. 

1.00821 

.2508 

Xlb 

106  15  01 

25 

1.16912 

.2639 

1-17 

26 

60.36 

36.625 

1.00920 

.2509 

116  14.69 

2.1.'J289 

1.19082 

.2665 

1-10  28 

30.00 

32.5 

1.01038 

.2610 

A 

123  6130 

1.88889 

1.22496 

.2692 

1-16  30 

22.71 

28.625 

1.01181 

.2511 

.^ 

13 1  46.62 

1.625 

1.27401 

.2729 

1-14  32 

31.22 

26. 

1.01.355 

.2513 

144  30.98 

1.43827 

1.32413 

.2766 

1-13  34 

69.08 

21.625 

1.01671 

.2515 

.4 

1.54  38  35 

1.28125 

1.38322 

.2808 

1-12  37 

60.96 

18.5 

1.01842 

.2517 

.426 

161   27.52 

1.19204 

1.42764 

.2838 

1-11   41 

13.16 

15.625 

1.02189 

.2620 

.46 

167   66.93 

1.11728 

1.47377 

.2868 

110  46 

1438 

13. 

1.02646 

.2526 

.475    174     7.49 

105402 

1  62162 

.2899 

1-9     50 

6.91 

10.625 

1.03260 

.2530 

.6       180 

1. 

1.67080|  .2929 

t  At  29<>  o  c  thus  found  will  be  but  about  3  parts  too  short  in  100. 
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Iieiigrtbs  of  elreiilar  luresk   If  are  exceeds  a  semlelrdev  see p  144. 

Knowing  its  ehord  and  height,  diride  the  height  by  the  chord.  Find  in  the  column  of  heights  the 
number  eaoal  to  this  quotient.  Take  oat  the  oorrcspondiog  number  from  the  column  of  lengths. 
Multiply  tnis  last  number  by  the  length  of  the  giren  ehord. 

TABLE  OF  CIRCULAR   ARCS. 


N«  error  ■. 


HghU. 

Lemgtbs. 

H'ghts. 

I.«ngthR. 

Hghts. 

Lengths. 

H'ghts. 

Lengths. 

H'ghta. 

Lengths. 

.001 

1.00002 

.076 

1.01538 

.151 

1.05973 

•226 

1.13106 

.301 

1.22636 

002 

1.00002 

.077 

1.01573 

.152 

1.U6051 

•227 

1.13219 

.302 

1.22778 

.003 

1.00003 

.078 

1.01614 

.153 

1.06130 

.228 

1.13331 

.303 

1.22926 

.004 

1.0U004 

.079 

1.01656 

.154 

•1   nf.wu^ 

.229 

1.13444 

.304 

1.23068 

.006 

1.00007 

.080 

1.01698 

.155 

.230 

'  "t57 

4105 

M6 

1.00010 

.081 

1.01741 

.156 

.231 

r7i 

.306 

1.23349 

.OOT 

1.00013 

.082 

1.01781 

.157 

.232 

r86 

.307 

1.23492 

.006 

1.00017 

.083 

1.01828 

.158 

.233 

KM) 

.808 

1.23638 

M9 

1.00022 

.084 

1.01872 

.159 

.234 

»15 

.309 

1. -23781 

mo 

1~^27 

.085 

1.01916 

.160 

.235 

L31 

.810 

1.23926 

.011 

1       132 

.086 

1.01961 

.161 

.236 

547 

.311 

1.24070 

.012 

1       »38 

.087 

1.02006 

.162 

.237 

183 

.313 

1.24218 

.013 

1       145 

.088 

1.02052 

.163 

.238 

180 

.313 

1. 24.^61 

.014 

1       (53 

.089 

1X>2(»8 

.164 

.239 

>97 

.314 

1.24507 

Mb 

1       161 

.090 

1.02146 

.165 

1 

.240 

fl4 

.315 

1.24654 

.016 

1       189 

.091 

1.02192 

.166 

. 

.241 

«32 

.818 

L24801 

017 

]       >78 

.092 

1.02240 

.167 

1 

.242 

»51 

.317 

1.24948 

.018 

]       187 

.093 

1.02289 

.168 

.243 

)70 

.318 

1.25095 

.019 

]       »7 

.094 

1.02339 

.169 

.244 

189 

.319 

1.25243 

.0-iO 

1       107 

.095 

1.023&9 

.170 

.245 

»8 

.320 

1-25391 

.021 

]       117 

.096# 

1.02440 

.171 

: 

.246 

128 

.321 

1.25540 

.022 

]       128 

097 

1.02491 

.172 

.247 

H9 

.322 

1.256^9 

.023 

]       140 

.098 

1.02542 

.173 

.248 

170 

.323 

1.258:« 

.024 

]       153 

.099 

1.02593 

.174 

1 

.249 

roi 

.324 

1.25968 

.025 

1       167 

.100 

1.02646 

.175 

.250 

)12 

.325 

1.26138 

.028 

1       L82 

.101 

1.02698 

.176 

i!08066 

.251 

)34 

.3-26 

1.26288 

.027 

1       196 

.102 

1.02752 

.177 

1.08156 

.252 

*..«i56 

.327 

1.26437 

.028 

1       !10 

.103 

1.02806 

.178 

1.08246 

.253 

1.16279 

.328 

1.26588 

.029 

1       E25 

.104 

1.02860 

.179 

1.08337 

.254 

1.16402 

.329 

1.26740 

.030 

1       !40 

.105 

1.02914 

.160 

1.08428 

.256 

1.16526 

.330 

1.26892 

.031 

]       !56 

.106 

1.02970 

.181 

1.06519 

.256 

1.16650 

.331 

1.27044 

.032 

]       !72 

.107 

1.03026 

.182 

1.08611 

.257 

1.16774 

Ji32 

1.27196 

.033 

l.„„289 

.108 

1.03082 

.183 

1.08704 

.258 

1.16899 

.333 

1.27949 

.034 

1.00307 

.109 

1.03139 

.184 

1.08797 

.259 

•1.17024 

.334 

1.27502 

.o.« 

1.00327 

.110 

1.03196 

.185 

1.08890 

.260 

1.17150 

.335 

1.27658 

.036 

1.00345 

.111 

1.03254 

.186 

1.08984 

.261 

1.17-276 

.s:i6 

1.27810 

.037 

1.00364 

.112 

1.03SI2 

.187 

1.09079 

.262 

LI  7403 

J37 

1.27964 

.03« 

1.C0384 

.113 

1.0:i371 

.188 

1.09174 

.263 

1.17530 

.,H38 

1.28118 

.039 

1.00405 

.114 

1.03430 

.189 

l.OH'Xa 

.264 

1.17657 

..S39 

1.28^278 

.040 

1.00426 

.115 

1.03490 

.190 

1.C9365 

.265 

1.17784 

.340 

1.'28428 

.041 

1.00447 

.116 

'  ""iSl 

.191 

1.09461 

.266 

1.17912 

.341 

I. -28588 

.042 

1.00469 

.117 

ill 

.192 

"^557 

.267 

1.18040 

.342 

1.-28739 

.043 

1.00492 

.118 

572 

.193 

554 

.268 

1.18169 

.343 

l.*2889S 

.044 

1.00515 

.119 

r34 

.194 

752 

.269 

1.18299 

.344 

1.29052 

.045 

1.00539 

.120 

r97 

.195 

m 

.270 

1.18429 

.345 

1.29209 

.048 

1.00563 

.121 

S60 

.196 

949 

.271 

«  -%9 

.346 

1.29368 

.047 

1.00587 

.122 

)23 

.197 

M8 

.272 

589 

.347 

1.29523 

.048 

1.00612 

.123 

W7 

.198 

147 

.273 

m 

.348 

1.29681 

.W9 

l.«W38 

.124 

151 

.199 

247 

.274 

J51 

.349 

1.29839 

.(SO 

1.00665 

.125 

116 

.200 

J47 

.275 

382 

.350 

1.29997 

.051 

1.00692 

.126 

L81- 

.201 

147 

.276 

214 

.351 

1.30158 

.052 

100720 

.127 

£47 

.202 

>(8 

.2n 

146 

.352 

1.30315 

053 

100748 

.128 

M3 

.203 

S50 

.278 

179 

.353 

1.30474 

.054 

1.00776 

.129 

m 

.204 

752 

.279 

jl2 

.354 

1.30634 

.055 

1.00805 

.130 

147 

.205 

«5 

.280 

746 

.355 

1.30794 

.056 

1.G0834 

.131 

>15 

.206 

»58 

.281 

i80 

.356 

1.30954 

.067 

1.00864 

.132 

>84 

.207 

)62 

.282 

)14 

.357 

1.31115 

.056 

1.00895 

.133 

>52 

.208 

165 

.283 

149 

.356 

1.3r278 

.030 

1.00926 

134 

r22 

.209 

269 

.284 

^«.284 

.359 

1.31437 

.000 

1.00057 

.135 

r92 

.210 

^4 

.285 

La04l9 

.360 

1.31599 

.061 

1.00969 

.136 

>62 

.211 

479 

.286 

1.30555 

.361 

1.31761 

.062 

1.01021 

.137 

)32 

.212 

>84 

.287 

1.20691 

.362 

1.31923 

.063 

1.01054 

.138 

..wJ03 

.213 

X...690 

.288 

1.208-27 

.363 

1.32088 

.064 

1.01088 

.139 

1.05075 

.214 

1.11796 

.289 

1.20964 

.364 

1.32249 

.065 

1.01123 

.140 

1.05147 

.215 

1.11904 

.290 

1.21102 

.365 

1.32413 

.066 

1.01158 

.141 

1.05220 

.216 

1.12011 

.291 

1.21239 

.368 

1.32577 

.067 

1.01193 

.142 

1.05293 

.217 

1.12118 

.292 

1.21377 

.367 

1.32741 

.088 

1.01228 

.143 

1.05367 

.218 

1.12225 

.293 

1.21515 

.368 

1.32905 

.080 

101264 

.144 

1.05441 

.219 

1.12334 

.294 

1.21654 

.369 

1.33069 

MO 

1.01302 

.145 

1.05516 

.220 

1.12444 

.•295 

1.21794 

.370 

1.. 33234 

jini 

1.UIS38 

.146 

1.05591 

.221 

1.12554 

.296 

1.21933 

.371 

1.33399 

Mn 

1.01376 

.147 

1.05667 

.222 

1.12664 

.297 

1.W073 

.372 

1.33564 

.073 

1^)1414 

.148 

1.05743 

.223 

1.12774 

.298 

1.22213 

878 

1.83790 

.•74 

1.01453 

.149 

1.05819 

.224 

1.12885 

.299 

1.22354 

.374 

l5^ 

.075 

1.014SS 

.150 

1.05886 

.225 

112997 

.300 

1.22495 

.375 

10 
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HENSUBATION. 


TABIiE 

OF  CIRCVIiAR 

ARCS— (CoNTwriD.) 

n-ghts. 

Lengths. 

H'ghta. 

Lengths. 

H'ghts. 

Lengths. 

H'ghts. 

Lengths. 

H'ghts. 

Lengths. 

^6 

1.M229 

.401 

1.38496 

.426 

1.42945 

.451 

1.47666 

.476 

1.52346 

jm 

1.34396 

.402 

1.38671 

.427 

1.43127 

.452 

1.47758 

.477 

1.52541 

JJ78 

1.34363 

.403 

1^8846 

.428 

1.43309 

.453 

1.47642 

.478 

1.52736 

J79 

1.34731 

.404 

1.39021 

.429 

1.43491 

.454 

1.48131 

.479 

1.62£31 

J90 

1.31899 

.405 

1.39116 

.430 

1.43673 

.455 

1.4fc3-20 

.4fcO 

.     1.53126 

^l 

1.35068 

.406 

1.39372 

.431 

1.43856 

.456 

1.48509 

.481 

1.53322 

.382 

1.33237 

.407 

1.39548 

.432 

-  '^039 

.457 

1.4fc6t9 

.482 

1.53518 

.383 

1J13406 

.408 

1.39724 

.433 

222 

.458 

1.488t9 

.4S3 

1.53714 

Mi 

1JJ5375 

.409 

1.39900 

.434 

405 

.459 

1.4C079 

.484 

1.58910 

J»S 

1.33744 

.410 

1.40077 

.435 

589 

.460 

1.49'269 

.486 

1.54106 

.386 

1.35914 

.411 

1.40254 

.436 

773 

.461 

1.49460 

.486 

1.54302 

.3ST 

1.36084 

.412 

1.40432 

.437 

957 

.462 

'  "-»5l 

.487 

1.544t9 

.388 

1.362  VI 

.418 

1.40610 

.438 

142 

.463 

J42 

.488 

1.546£6 

J8B 

1.36423 

.414 

1.40788 

.439 

327 

.464 

)3S 

.489 

1.54S&3 

.390 

1.36506 

.415 

1.40966 

.410 

512 

.465 

!34 

.490 

1.55091 

jxn 

1.36767 

.416 

1.41145 

.441 

697 

.466 

116 

.491 

1.56289 

jm 

1.36939 

.417 

1.41324 

.442 

883 

.467 

•08 

.493 

1.55487 

J83 

1.37111 

.418 

1.41503 

.443 

069 

.468 

■00 

.493 

1.56685 

J94 

1.37283 

.419 

1.41682 

.444 

255 

.469 

;82 

.494 

1.55884 

.395 

1.37455 

.420 

1.41861 

.445 

441 

.470 

^85 

.495 

1.660S8 

M6 

1.37628 

.421 

1.42041 

.446 

628 

.471 

^78 

.496 

1.56282 

JOT 

1.37801 

.423 

1.4'i22l 

.447 

815 

.472 

»71 

.497 

1.56481 

.388 

1.37974 

.423 

1.42402 

.448 

-.,.002 

.473 

r64 

.498 

1.56681 

.399 

1.38148 

.421 

1.42583 

.449 

1.47U9 

.474 

!58 

.499 

1.66881 

.400 

1.3S322 

.423 

1.42764 

.450 

1.47377 

.475 

52 

.500 

1.67080 

If  the  arc  is  grenter  tliaii  n  semicircle,  then,  as  directed  at  top  of 

p  147,  find  the  diam  of  the  circle.    Then  find  its  circumf.    From  diam  take  ht  of  are.    The  rem 
win  te  ht  oT  the  smaller  are  of  the  circle.    By  rule  at  top  of  p  148  find  the  length  of  this  imaller  ara 
Sabtract  it  from  circamf. 
The  leagth  of  I  degree  of  a  einralar  are  is  eqnal  to  .017453  292  520  X  its  radios. 

»•  1  minute        •        "        "  .000290  8X8  209  X   " 

"        ♦•  1  second        ••        "        "        "        ♦•  .000004  848  137  X    " 

An  arc  of  1<^  of  the  eartii'n  «r>^At  circle  is  but  4.6356  feet  longrr  than  its 

chord.  'Ito  lenitth  is  60.16  land  or  statute  miles.    Earth's  equatorial  rad = 3962.5705  miles.  Polar  3949.67. 
Ah  aro  af  1°,  rad  1  mllo,  is  92.1534  feet ;  a  minntp  is  1.5359  feet;  a  second  is  .0256  of  a  foM; 
or  very  nearly  5-sixteeutbs  of  an  inch.    Are  of  1°,  ra4  100  It  =  1.74533  feet. 
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To  find  the  len^lii  of  a  eirenlar  arc  by  tbe  foUowtngr  table. 


Knowing  the  rad  of  tbe  oirole,  and  the  sMuare  of  the  are  in  deg,  rain,  Ae. 

Rule.  Add  toother  the  lengths  in  the  table  found  recpectively  opposite  to  the  deg,  min,  fto,  of 
tbe  arc.    Mult  the  xnm  by  the  rad  of  the  circle. 
Ex.  In  a  circle  of  12.43  feet  rad,  is  an  arc  of  13  deg,  27  min,  8  mo.    How  long  is  tbe  arcT 
Here,  opposite  13  (leg  in  tbe  table,  we  find,  .2268928 
••        27  min  ••  ••        ••     .0078540 


Sum  =  .2347856 
ind  .2347856  X  12.43  or  rad  =  2.918386  feet,  tbe  reqd  length  of  arc. 

1.ENOTHS  OF  CIRCU1.AR  ARCS  TO  RAD  1. 


No  errors. 

Deg. 

Length. 

Deg. 

Length. 

Deg. 

Length. 

Uin. 

Length. 

8«..| 

Length. 

1 

.0174533 

fil 

508 

121 

2  — -;84 

1 

m 

1 

.0000048 

2 

.0349066 

62 

Ml 

122 

2     H7 

2 

$18 

2 

.0000097 

3 

.0523599 

63 

574 

1-23 

2     »50 

8 

r27 

3 

.0000145 

4 

.0606132 

64 

107 

124 

a    >83 

4 

ISO 

4 

.0000194 

5 

.0672665 

65 

540 

125 

a    >16 

5 

»44 

6 

.0000242 

6 

.1047198 

66 

173 

126 

a   149 

6 

153 

6 

.0000291 

7 

.1221730 

67 

706 

127 

3     >82 

7 

162 

7 

.0000389 

8 

.1396263 

68 

239 

128 

a   114 

8 

271 

8 

.0000388 

9 

.1570796 

69 

772 

129 

a   [47 

9 

180 

9 

.0000486 

10 

.1743329 

70 

S05 

1.S0 

a    J80 

10 

)89 

10 

.0000485 

11 

.1919862 

71 

338 

131 

a   i\3 

11 

m 

H 

.0000533 

12 

.2094395 

72 

371 

132 

a   146 

12 

W7 

12 

.0000582 

IS 

.2268928 

73 

*.*.wm 

133 

a.««.J79 

13 

S15 

IS 

.0000630 

14 

-""W 

74 

1.2915436 

134 

2.3387412 

14 

724 

14 

!0000679 

15 

194 

75 

l.a089969 

135 

2.35C1945 

15 

»33 

15 

.0000727 

16 

^27 

76 

1.3-264502 

156 

2.3736478 

16 

542 

16 

.0000776 

17 

160 

77 

1  atnnnox 

137 

2.3911011 

17 

151 

17 

.0000824 

18 

m 

78 

138 

2.4065544 

18 

MM 

18 

.0000873 

19 

[26 

79 

139 

2.4a60077 

19 

.^.»m 

19 

.0000921 

20 

159 

80 

140 

2.4434610 

20 

.0068178 

20 

.0000970 

21 

[91 

81 

141 

2.4609142 

21 

.0061087 

21 

.0001018 

23 

r24 

82 

142 

-  """^75 

22 

.0068995 

22 

.0001067 

23 

!57 

83 

143 

208 

23 

.0066904 

23 

.0001115 

24 

r90 

84 

144 

741 

24 

-ww«o,, 

24 

.0001164 

25 

J23 

85 

145 

274 

25 

J 

'25 

.0001212 

26 

J56 

86 

146 

»7 

28 

I 

26 

.0001261 

27 

J89 

87 

147 

}40 

27 

) 

27 

.0001309 

28 

m 

88 

148 

373 

28 

i 

28 

.0001357 

29 

155 

89 

149 

106 

29 

i 

29 

.0001406 

30 

)88 

90 

160 

^9 

30 

5 

80 

.0001454 

31 

>21 

91 

151 

i72 

31 

> 

81 

.0001503 

32 

854 

92 

153 

)05 

32 

i 

32 

.0001551 

SS 

.U.-.087 

93 

153 

538 

33 

1 

33 

.0001600 

34 

.5034119 

94 

154 

970 

34 

I 

34 

.0001648 

35 

.6108852 

95 

155 

SOS 

35 

I 

35 

.0001697 

36 

.6283185 

96 

156 

«...«. 136 

36 

) 

S6 

.0001745 

37 

.6457718 

97 

157 

2.7401669 

37 

i 

37 

.0001794 

38 

.6632251 

98 

158 

2.7576202 

38 

i 

S8 

.0001842 

39 

.6806784 

99 

159 

2.7750739 

39 

i 

39 

.0001891 

40 

100 

160 

2.7925268 

40 

i 

40 

.0001939 

41 

101 

161 

2.8099801 

41 

I 

41 

.0001988 

42 

102 

1P,2 

r°"-'134 

42 

.wx^*^,3 

42 

.0002036 

43 

103 

163 

:     567 

43 

43 

.0002085 

44 

104 

164 

'.            100 

44 

.0127991 

44 

.0002133 

45 

105 

165 

;    )33 

45 

.0130900 

45 

.0002182 

46 

106 

166 

166 

46 

.0133809 

46 

.0002280 

47 

107 

167 

m 

47 

.0136717 

47 

.0002279 

♦8 

108 

168 

:    531 

48 

.0139626 

48 

.0002327 

49 

109 

169 

)64 

49 

.0142535 

49 

.0002376 

SO 

no 

no 

597 

50 

.0145444 

50 

.0002424 

51 

111 

171 

ISO 

51 

.0148353 

61 

.0002473 

52 

112 

172 

?63 

52 

.0151262 

52 

.0002521 

53 

.ir*./u^  rtf 

lis 

173 

196 

53 

.0154171 

53 

.0002570 

54 

.942*778 

114 

174 

;     7-29 

54 

.0157080 

54 

.0002618 

55 

.95993U 

115 

175 

W» 

55 

.0159989 

55 

.0002666 

56 

.9773844 

116 

176 

795 

56 

.0162897 

56 

.0002715 

57 

.9948377 

117 

177 

»28 

57 

0165806 

57 

.0002768 

58 

1.0122910 

118 

178 

361 

58 

.0168715 

58 

.0002812 

59 

1.0297443 

119 

179 

)94 

59 

.0171624 

59 

.0002860 

•0 

1.0471976 

120 

-«— 

180 

-..,.J>27 

60 

.0174538 

60 

.0002909 
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CIRCmLAS  SECTORS,  BINCHi,  SBOBIKHTS,  BTG. 
^  Area  of  «  elreniar  ■ector,  adbe^  Fig.  A, 

arc  a  d  6  , 


2 


X  ndius  c  a.    (For  length  of  arc  tee  p.  141.) 


arc  a  d  &  in  degrees. 
3«0 


—1  area  of  entire  circle  X 

(For  minutes  and  eeeonds  in  decimals  of  a  degree,  see  p.  57.) 

Area  of  a  clrovlar  rlnf^,  Fig.  B, 
«  area  of  larger  circle,  c  d,  -»-  area  of  smaller  one,  a  b. 
-.  .7854  X  (sum  of  diams.  cd-^ab)  X  (diff.  of  diams.  ed—ab,) 
—  1.5708  X  thickness  c  a  X  >nni  of  diameters  c  d  and  a  b. 


To  And  tbe  radius  of  a  clrele  'vrl&icb  sliall  have  tbe  same  area 
as  a  glveiiL  clronlsur  ring;  esdab,  Fig.  B, 

Dra^r  any  radius  n  r  of  the  outer  circle  ;  and  fh)m  where  said  radius  cuts  the 
inner  circle  at  t,  draw  < «  at  right  angles  to  it.    Then  will  <  «  be  the  required  radius 

Breadtlk,  ea^bd,  of  a  clrovlar  ring,  Fig.  B, 

—  V^  difference  of  diameters  c  d  and  a  b. 

—  y^  (diameter  cd—  \/  1.2732  area  of  circle  o  bj 

Area  of  a  circular  zone  abed, 

■«  area  of  circle  m  n — areas  of  segments  amb  and  end, 
(for  areas  of  segments,  see  below.) 

A  clrcvlar  lane  is  a  crescent-shaped 
figure,  comprised  between  two  arcs  abe 
and  aoe  of  circles  of  different  radii,  a  d 
Mid  an. 

Area  of  a  circular  lone  abeo 

-^  area  of  segment  abc — area  of  segment  aoc, 
(for  areas  of  segments  see  below.) 


To  And  tlte  area  of  .a  clrenlar  •ecment.  abed.  Figs.  0,  D,  see  table 
pp  147,148.    Also, 
Area  of  Segn&ent  adbn,  Fig.  A  (at  top  of  page) 

—  Area  of  Sector  a  d  5  c  —  Area  of  Triangle  abc 

—  }^  (Arc  a  d  6  X  radius  ae  —  en  X  chord  a  b).    For  arc  a  d  5,  see  p.  141. 

Hawing  tbe  area  of  a  segment  required  to  be  ent  off  fknna  a 
given  circle,  to  find  Its  dftord  suad  rise. 

'  Divide  the  area  by  the  square  of  the  diameter  of  the  circle ;  look  for  the  quotient 
in  the  column  of  areax  in  the  table  of  areas,  pp.  147, 148;  take  out  fjrom  the  table 
the  corresponding  number  in  the  column  of  rises.  Multiply  this  number  by  the 
diameter.    The  product  will  be  the  required  rise.    Then 


chord  —  2  X  \/  (dUmeter  —  rise)  X  ri«>. 
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TABI.E  OF  AREAS  OF  CIR€UI«AR  SEGMENTS,  Figs  C,  D. 
If  tbe  segrm«n*  excpe^ls  a seinicirele,  lu  ar«a in  =  area  or  circle—  vo 

of  a  aegiueot  whose  rise  Is  =  (diam  uf  circle  <—  rise  of  given  ■egaMOt).    INaat  vf  alnl«  =  (s<|aar» 
of  hair  eliord  -r  rise)  -f-  rise,  wlietlier  tiie  segment  exceeds  a  semicircle  or  not. 


Rise  Area=| 

Rise 

A 

Bise 

AT«a=< 

dlTby 

(square 

dlv  by 

(1 

dlv  by 

(square 

diam  of  or  diam)  | 

diam  or 

of 

diam  of 

ofdiam 

circle. 

mult  by 

circle. 

»~"  -^ 



, 



, 

circle. 
.263 

mult  by 

.001 

.000042 

.064 

.021168 

.127 

.057991 

.190 

.103900 

.156149 

.002 

.000119 

.065 

.021660 

.128. 

.068658 

.191 

.104686 

.254 

.157019 

.003 

.000219 

.066 

.022156 

.129 

.059328 

.192 

.105472 

.256 

J67891 

.004 

.000337 

.067 

.022663 

.130 

.069999 

.193 

.106261 

.266 

.168763 

.005 

.000471 

.068 

.023166 

.131 

.060678 

.194 

.107051 

.267 

.169636 

.006 

.000619 

.069 

.023660 

.132 

.061349 

.196 

.107843 

.268 

^60611 

.007 

.000779 

.070 

.024168 

.133 

.062027 

.196 

.108636 

.269 

.161386 

.008 

.000952 

.071 

.024680 

.134 

.062707 

.197 

.109431 

.260 

.162263 

.009 

.001135 

.072 

.025196 

.135 

.063389 

.198 

.110227 

.261 

.163141 

.010 

.001329 

.073 

.0-25714 

.136 

.064074 

.199 

.111025 

.262 

.16M20 

.Oil 

.001533 

.074 

.026236 

.137 

.064761 

.200 

.111824 

.263 

J64900 

.012 

.001746 

.075 

.026761 

.138 

.065449 

.201 

.112625 

.264 

.165781 

.013 

.001969 

.076 

.027290 

.139 

.066140 

.202 

.113427 

.266 

.166663 

.014 

.002199 

.077 

.027821 

.140 

.066833 

.203 

.114231 

.266 

.167646 

.015 

.002438 

078 

.028366 

.141 

.067528 

.204 

.115036 

.267 

.168431 

.016 

.002685 

.079 

.028894 

.142 

.068225 

.205 

.115842 

.868 

.169316 

.017 

.002940 

.080 

.029435 

.143 

.068924 

.206 

.116651 

.269 

.170202 

.018 

.008202 

.081 

.029979 

.144 

.069626 

.207 

.117460 

.270 

.171090 

.019 

.003472 

.082 

.030526 

.146 

.070329 

.208 

.118271 

.271 

.171978 

020. 

.003749 

.0S3 

.031077 

.146 

.071034 

.209 

.119084 

.272 

.172868 

.021 

.001082 

.084 

.031630 

.147 

.071741 

.210 

.119898 

.273 

.173768 

.022 

.004322 

.085 

.032186 

.148 

.072450 

.211 

.120713 

.274 

.174650 

.023 

.004619 

.086 

.032746 

.149 

.073162 

.212 

.121530 

.275 

.176542 

.024 

.004922 

.087 

.033306 

.160 

.073875 

.213 

.122348 

.276 

.176436 

.025 

.005281 

.088 

.083873 

.161 

.074690 

.214 

.123167 

.277 

.177330 

.026 

.005546 

.089 

.034441 

.162 

.076307 

.215 

.123988 

.278 

.178226 

.027 

.005867 

.090 

.035012 

.163 

.076026 

.216 

.1-24811 

.279 

.179122 

.028 

.006194 

.091 

.035586 

.154 

.076747 

.217 

.125634 

.280 

.180020 

.029 

.006527 

.092 

.036162 

.165 

.077470 

.218 

.12rt459 

.281 

.180918 

.030 

.006866 

.093 

.036742 

.166 

.078194 

.219 

.127286 

.282 

.181818 

Ml 

.007209 

.094 

.037324 

.157 

.078921 

.220 

.128114 

.283 

.182718 

.032 

.007559 

.095 

.037909 

.158 

.079660 

.221 

.128943 

.284 

.183619 

-0:J3 

.007913 

.096 

.038497 

.159 

.080380 

.222 

.129773 

.285 

.184522 

•jm 

.008273 

.097 

.039087 

.160 

.081112 

.223 

.130606 

.286 

.185426 

.035 

.008638 

.098 

.039681 

.161 

.081847 

.224 

.131438 

.287 

.186329 

jm 

.009008 

.099 

.040277 

.162 

.082582 

.225 

.132273 

.288 

.187236 

.OS7 

.009383 

.100 

.040875 

.163 

.083320 

.226 

.133109 

.289 

.188141 

.038 

.009764 

.101 

.041477 

.161 

.084060 

.227 

.133946 

.290 

.189048 

.039 

.010148 

.102 

.042081 

.165 

.084801 

.228 

.134784 

.291 

.189956 

.010 

.010638 

.103 

.042687 

.166 

.085546 

.229 

.135624 

.292 

.190866 

041 

.010932 

.104 

.043296 

.167 

.086290 

.230 

.136465 

.293 

.191774 

JM2 

.011331 

.105 

.043908 

.168 

.087037 

.231 

.137307 

.294 

.192686 

.043 

.011734 

.106 

.044523 

.169 

.087785 

.232 

.138151 

.295 

.193697 

JOU 

.012142 

.107 

.045140 

.170 

.088536 

.233 

.138996 

.296 

.194509 

.0*5 

.012555 

.108 

.045759 

.171 

.089288 

.234 

.139842 

.297 

.195423 

.046 

.012971 

.109 

.046381 

.172 

.090042 

.235 

.140689 

.298 

.196337 

.047 

.013393 

.110 

.047006 

.173 

.090797 

.236 

.141538 

.299 

.1972.')2 

.048 

.0138J8 

.111 

.047633 

.174 

.091555 

.•237 

.142388 

.300 

.198168 

.049 

.014248 

.112 

.048262 

.175 

.092314 

.238 

.14.3239 

.301 

.199085 

.050 

.014681 

.113 

.048894 

.176 

.093074 

.239 

.144091 

.302 

.200003 

Ml 

.015119 

.114 

.049529 

.177 

.093837 

.240 

.144945 

.303 

.200922 

.052 

.015561 

.115 

.060165 

.178 

.094601 

.241 

.145800 

.304 

.201841 

.098 

.016008 

.116 

.060805 

.179 

.095367 

.242 

.146656 

.306 

.202762 

.054 

.016458 

.117 

.061446 

.180 

.096135 

.243 

.147513 

.306 

.203683 

jm 

.016912 

.118 

.052090 

.181 

.096904 

.244 

.148371 

..307 

.2046a'» 

.056 

.017369 

.119 

.062737 

.182 

.097675 

.245 

.149231 

.308 

.206528 

Ml 

.017831 

.120 

.053385 

.183 

.246 

.150091 

.309 

.206452 

jm 

.018297 

.121 

.0540:7 

.184 

.099221 

.247 

.150953 

.310 

.207876 

J06O 

.018766 

.122 

.054690 

.185 

.099997 

.248 

.161816 

.311 

.208902 

jm 

.010239 

.123 

.066346 

.186 

.100774 

.249 

.152681 

.312 

.209228 

Ml 

.01W16 

.124 

.056004 

.187 

.101563 

.2r>o 

.153546 

.313 

.210166 

xm 

.020197 

.126 

.056664 

.188 

.102.334 

.251 

.154413 

.314 

.2nor 

4)63 

.020681 

.126 

.067327 

.189 

.103116 

.252 

■Hali662ar 

xmbJ 
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MENSURATION. 


TABIiE  OF  AREAS  OF  CIRCUIiAR  MEOMElfTS— (Continurd.) 


Rise 

ATea  = 

RiM 

Area  = 

Rise 

Areas= 

Rise 

Area  = 

Riae 

Area  =» 

divbj 

(square 

div  by 

(square 
of  diam) 

divby 

(square 

divby 

(square 

divby 

(square 

diamor 

or  diam) 

diam  of 

diam  of 

of  diam) 

diam  of 

of  diam) 

diam  of 

of  diam 

eircle. 

mult  bj 

circle^ 

mult  by 

circle. 

mult  bv 

circle. 
.427 

mult  by 

circle. 
.464 

mult  by 
.356730 

.816 

.212941 

.358 

.247846 

.390 

.283593 

.819959 

.317 

.213871 

.854 

.248801 

891 

.284669 

.428 

.320949 

.465 

.357728 

318 

.214802 

.855 

.249758 

•892 

.285545 

.429 

.321938 

.466 

.368726 

^19 

.215734 

.856 

.250715 

.893 

.286521 

.430 

.32292h 

.467 

.369723 

.320 

.216666 

.367 

.251678 

.394 

.287499 

.4.31 

.323919 

M^ 

.360721 

.321 

.217600 

.358 

.252632 

895 

.288476 

.432 

.824909 

.469 

.361719 

.322 

.218534 

.859 

.263591 

'386 

.289464 

.438 

.826900 

.470 

.362717 

.323 

.219469 

.860 

.264561 

•897 

.290432 

.434 

.326891 

.471 

.863716 

.324 

.220404 

.861 

.265611 

398 

.291411 

.436 

.327883 

.472 

.864714 

.325 

.221341 

.362 

..266472 

399 

.292390 

^436 
T487 

.328874 

.473 

.866712 

.326 

.222278 

.363 

.257438 

•400 

.293370 

.32986(i 

.474 

.866711 

.827 

.223216 

.864 

.258895 

•401 

.294860 

.488 

,880858 

.476 

.867710 

.8*28 

.224164 

.865 

.269368 

•402 

.296330 

.439 

.381861 

.476 

.368708 

.829 

.225094 

.866 

.260821 

•403 

.296811 

.440 

.882848 

.477 

.869707 

.830 

.226034 

.367 

.261285 

•404 

.297292 

441 

.888886 

.478 

.870706 

-831 

J226074 

.868 

.262249 

•405 

.298274 

.442 

.834829 

.479 

.371705 

.832 

.227916 

.369 

.263214 

•406 

.299266 

.448 

.336823 

.480 

.872704 

.333 

.228853 

.870 

.264179 

•407 

.300238 

.444 

.886816 

.481 

.873704 

.334 

.229?01 

.371 

.266146 

•408 

.301221 

.446 

.337810 

.482 

.374703 

.336 

.230745 

.372 

.266111 

•409 

.302204 

.446 

.838804 

.483 

.376702 

.836 

.231689 

.373 

.267078 

•4J0 

.303187 

447 

.839709 

.484 

.376702 

.837 

.232634 

.374 

.26^046 

411 

.304171 

.448 

.840798 

.486 

.377701 

.338 

.233580 

.375 

.269014 

412 

.305166 

.449 

.341788 

.486 

.878701 

.339 

.234526 

.376 

.2C9982 

•413 

.306140 

.460 

.342788 

.487 

.379701 

.340 

.235473 

.377 

.270951 

•414 

.307126 

.451 

.348778 

.488 

.380700 

.841 

.236421 

.378 

.271921 

•415 

.808110 

.462 

.344773 

.489 

.381700 

.342 

.237369 

.379 

.272891 

•416 

.80909« 

.458 

.846768 

.490 

.382700 

.843 

.238319 

.880 

.273861 

•417 

.310082 

.454 

.346764 

.491 

.383700 

.844 

.23926S 

.381 

.274832 

•418 

.311068 

.465 

.847760 

.492 

384609 

.845 

.240219 

.382 

.275804 

•419 

.312056 

466 

.348766 

.493 

.386690 

.846 

.241170 

.883 

.276776 

.420 

.313042 

.467 

.849762 

.494 

.386600 

.847 

.242122 

.384 

.277748 

.421 

.314029 

.458 

.860749 

.406 

.387690 

.348 

.243074 

.385 

.278721 

.422 

.316017 

.459 

.361746 

.496 

.388609 

.849 

-.244027 

.886 

.279695 

423 

.316005 

.460 

.352742 

.407 

.389699    ' 

.a.'iO 

.244980 

.887 

.280669 

.424 

.316993 

.461 

.353789 

.49S 

.390609 
.3916% 

.361 

.345935 

.888 

.281648 

.425 

.317981 

.4«2 

.354786 

.499 

.852 

.24689U 

.889 

.282618 

.426 

.318970 

.463 

.856783 

MO 

.302600 
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THE  EI«I.IPSE. 


<r__6 

V 

w 

8 

J 

/d 

Fig.l, 


Fig.  3. 


An  dUiptt  !■«  %  earre,  «  eae.  Fig  1,  fomed  by  sn  obUqne  aeetioQ  of  either  ft  enne  m-  a  ejlla4er,  pun- 
iof  through  its  eurved  larface,  wUhou#cutttog  the  hue.  It4  na«ure  u  auert  that  if  t«ro  liaea,  m« 
m/  aad  M  g.  Pig.  2.  4ms  drawn  frooi  aaj  point  n  in  it«  periphery  or  eireumr,  to  twoeertaiu  point*/ 
and  g,  to  its  loag  dlam  c  ».  (and  called  the  foci  of  the  eliipae.)  their  sam  will  be  eqaat  to  that  of  any 
other  two  lines,  as  6/,  and  6  g  drawn  from  any  other  point,  as  b,  in  the  eireumf,  to  the  fod/and  g; 
also  the  sum  of  any  two  such  liues  will  be  equal  to  the  long  diam  c  to.  The  line  c  m  dixiding  the  ellipse 
Into  two  equal  parts  lengthwise,  is  called  its  transverse,  or  major  axis,  or  long  dlam ;  and  «4,  which 
divides  it  equally  at  right-angles  to  e  to,  is  called  the  eoojugate,  or  minor  axis,  or  short  dUn.  To 
find  the  position  of  the  foci  of  an  ellipse,  from  either  eud.  as  h,  of  the  short  diam,  measure  off  the 
dists  6 /and  6  g.  Fig  2,  each  equal  to  o  e,  or  one  half  the  long  diam. 

The  parameter  of  an  ellipse  is  a  certain  lenirth  obtained  thud :  as  tite  long  diani :  short  diam  : : 
short  diam  :  parameter.  Any  line  r  «,  or  s  <l.  Pig  3,  drawn  from  the  circiiuif,  to,  and  at  right  angle* 
to,  either  diam,  is  called  an  ordUuUe;  and  the  parts  c  o  and  v  w,  6  «  and  «  «,  of  that  diam,  between 
the  ord  and  the  eireumf,  are  called  ah4tcii&«,  or  abacUte*. 

To  fi  od  tbe  lengr^^f  <uijr  ordinate,  rv^rad,  drawn  to  etUier 

diani)  e  Uf  or  b  <t.    Knowing  the  absciss,  e  *  or  «  a,  and  Che  two  diams,  e  v,  fr  « { 


c  w« :  6  o^ : :  c  t;  X  »  w '.  »•  t^« 


h  a^  \ e  vA '.'.  b  *  y^  *  a  I  *  ijfi. 


To  find  tbe  clrcunif  of  an  ellipse. 

Mathematicians  have  furntshed  practical  men  with  no  Bimple  working  mio  for  this  pnrpose.  Thb 
•o-called  approximate  rules  do  not  deserve  the  name.  They  are  as  follows,  D  being  the  long  diam: 
and  d  the  short  one.  

RcLX  1.  Circumf=S.Ul6  "^^<'  . 


ROLS  S.  3.1416 


\/' 


5!±^'\  .  Rule  «.  2.2215]/  DH^K; 


thU  is  the  same  a*  Bale  2,  but  in  adiff  shape.  Rin.B4.2x^  Dt+ 1.4674  d>.    Now,  in  an  ellipse 

whose  long  and  short  diams  are  10  and  2,  the  oiroumf  is  aetuallv  21,  very  approximately;  but  rule  1 
gives  It  =  18.85;  rule  2,  or  3,  r=  22.65;  and  rule  4.  =  20.51.  Again,  if  the  diams  be  10  and  6,  the  eir- 
eumf autnallv  =  25.59 ;  but  rule  4  gives  24.72.  These  examples  show  that  none  of  the  rules  usually 
given  are  reliable.  The  following  one  by  the  writer.  Is  sufficientlv  exact  for  ordinary  parpoaes;  not 
being  in  error  probably  more  than  1  part  in  1000.   When  D  U  not  more  than  5  times  as  long  as  d. 


Cire«mf=S.I416^/D2+d«  _  (D  —  /i)t 


If  1>  exceeds  5  times  A.  then  in- 
stead of  dividing  (D  —  d)^  by  8.8,  dlv  it  by 
the  number  in  this  table. 

The  following  rule  originated  with  Mr.  M. 
Arnold  Pears,  of  New  South  Wales,  Australia. 


Ra>aia»0»AO»9>a>0>a>aio»doooe> 


n 


and  was  by  him  kindly  coiuniuiiicaied  to  the  author.    Although  not  more  accu- 
rate  than  our  own,  it  is  much  neater. 


Circumf  =  3.1416  d  +  2(D  —  <7)  — 


d(D  —  d) 


-v/(D  +  d)  X  (D  -f  2rf) 
The  following:  table  of  semi-elliptie  arcs  was  prepared  by  our  rule. 

To  ase  this  table,  dlv  the  height  or  rise  of  the  are,  by  its  span  or  chord.  The  qnot 
will  be  the  height  of  an  are  whose  span  is  1.  Find  this  quot  in  the  column  of 
heights  ^  and  take  out  the  corresponding  number  from  the  col.  of  lengths.  Mult  this 
number  bv  the  actu;il  span.    The  prod  will  be  the  reqd  length. 

When  the  height  becomes  .500  of  the  chord  (as  at  the  end  of  the  table)  the  ellipse 
becomes  a  circle.  When  the  height  exceeds  .500  of  the  chord,  as  in  a  b  c,  then  toke 
a  (t.  or  hnir  the  chord,  as  the  rise ;  and  div  this  rise  by  the  long  diam  6  d,  for  tha 
quot  to  be  looked  tor  in  the  col  of  heightfi;  and  to  be  mult  by  long  diam.  We  thus 
get  the  are  bad,  which  is  evidently  equal  to  a  6  c 
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TABI4E  OF  I^EHGTHS  OF  8K9n.EI4I.IPnC  ARCS. 

(Original.) 

Height 

Length = 

Height 

Length  = 

Height 

Length  = 

Height 

Length = 

+spaD. 

span X by 

+8pan. 

span  X  by 

■♦  span. 

span  X  by 

+8pan. 

span  X  by 

^5 

1.000 

.130 

1.079 

.255 

1.219 

.380 

1.390 

.01 

1.001 

.135 

1.084 

.260 

1.226 

.385 

1.397 

.015 

1.002 

.140 

1.089 

.265 

1.238 

.390 

1.404 

M 

1.003 

.145 

1.094 

.270 

1.239 

.395 

1.412 

025 

1.004 

.150 

1.099 

.275 

1.246 

.400 

1.419 

.03 

1.006 

.155 

1.104 

.280 

1.252 

.405 

1.426 

.036 

1.008 

.160 

1.109 

.285 

1.259 

.410 

1.434 

.04 

l.OU 

.165 

1.115 

.290 

1.265 

.415 

1.441 

Mb 

1.014 

.170 

1.120 

.295 

1.272 

.420 

1.449 

.05 

1.017 

.175 

1.125 

.300^ 

1.279 

.425 

1.466 

.055 

1.020 

.180 

1.131 

.305* 

1.285 

.430 

1.464 

.06 

1.023 

.185 

1.137 

.310 

1.292 

.435 

1.471 

.065 

1.026 

.190 

1.142 

.315 

1.298 

.440 

1.479 

JN 

1.029 

.195 

1147 

.320 

1.305 

.446 

1.486 

xyi5 

1.032 

.200 

1.153 

.325 

1.312 

.450 

1.494 

JOS 

1.036 

.205 

1.159 

.330 

1.319 

.456 

1.601 

.085 

1.039 

.210 

1.165 

.335 

1.325 

.460 

1.509 

J09 

1.043 

.215 

1.171 

.340 

1.332 

.465 

1.617 

X)95 

1.046 

.220 

1.177 

•345 

1.339 

.470 

1.524 

.100 

1.051 

.225 

1.183 

.350 

1.346 

.475 

1.632 

.105 

1.055 

.230 

1.189 

.355 

1.353 

,480 

1.540 

JtO 

1.059 

J235 

1.196 

.860 

1.861 

.485 

1.547 

.115 

1.064 

.240 

1.202 

.366 

1.368 

.490 

1.656 

J20 

1.069 

.245 

1.207 

.370 

1375 

.495 

1.563 

.125 

1.074 

.250 

1.213 

.375 

1.882 

.500 

1.571 

Area  of  an  ellipse  =  prod  of  diams  X  .78M.  Bx.  D  =10 ;  d  =  6.  Then  10  X  6  X  .7834 
=r  47.124  area.  The  area  of  an  ellipKe  is  a  mean  proportional  betireen  the  areas  of  two  circles,  de- 
scribed on  its  two  diams ;  therefore  it  may  be  found  by  malt  together  the  areas  of  those  two  circles ; 
and  taking  tbe  sq  rt  of  the  prod.  The  area  of  an  ellipse  is  therefore  always  greater  than  that  of  the 
circular  section  of  the  cylinder  ft'om  whioh'it  may  be  supposed  to  be  derived. 

Diamofcircof  sameareaasanriveii  ellipse  =  i^Long  diam  x  short  diam. 
To  find  the  area  of  an  elliptic  segrm^nt  whose  base  is  paral- 


lel to  either  diam. 


Div  the  height  of  the  segment,  bv  that  diam  of  which  tald  height 

"  --^!  .  -  jjjj^ 


is  a  part.    From  tbe  table  of  circular  segments  take  out  the  u)>ular  area  opposite  tbe  quot 
together  this  area,  the  long  diam,  and  the  short  diam. 


a  (  and  e  d,  Fig.  4. 


To  draw  an  ellipse.     Having  its  long  and  short 

RviM  1.  From  either  end  of  the  short 
diam,  as  c,  lay  off  tbe  dists  e  /,  c/' ,  each  eqnal 
to  e  a,  or  to  one-half  of  tbe  long  diam.  The 
points  /,  /•  are  the  foci  of  the  ellipse.  Pre- 
pare a  string,/'  n/,  or  /'  gf,  with  a  loop  at 
each  end ;  tbe  total  length  of  string  ft-om  end 
to  end  of  loop,  being  equal  to  the  long  diam. 
Place  pins  at/ and  /' ;  and  placing  the  loope 
»i(ptlV^em,  trace  the  carve  by  a  pencil,  which 
in  evefTPfSSMrMj^a  at  n.  or  g,  keeps  the  string 
/•  n/,  or/'  gf,  equally  stretched  all  the  time. 

Note.  Owing  to  the  ditRcnlty  of  keeping 
the  string  equally  stretched,  this  method  is 
not  as  satisfactory  as  the  following. 

RiTLR  2.  On  the  edge  of  a  strip  of  paper 
w  «,  mark  w  I  equal  to  half  the  sbort  diam ; 
and  w  s  equal  half  the  long  diam.  Then  in 
whatever  position  this  strip  be  placed,  keep- 
ing I  on  the  long  diam,  and  s  on  the  short 
diam.  w  will  mark  a  point  in  the  circumf  of 
the  ellipse.  We  may  thus  obtain  as  many  snob  points  as  we  please ;  and  then  draw  the  curve  through 
them  by  hand. 

RiTLR  S.  From  the  two  fod  /  and  /*,  Fig  4,  with  a  rad  equal  to  any  part  whatever  of  the  long  diam, 
describe  4  short  arcs,  o  o  oo;  also  with  a  rad  equal  to  the  remaining  part  of  the  long  diam,  describe 
4  other  arcs,  iiii.  The  intersections  of  these  four  pairs  of  arcs,  will  give  fKur  points  in  the  eirocunC. 
In  this  manner  any  number  of  susih  points  may  be  found,  and  Che  curve  be  drawn  by  hand. 

To  draw  a  tan^pent  1 1,  at  any  point  n  of  an  ellipse.  Draw  n/aad 

nf,  to  the  foci;  bisect  tbe  angle /n/'  by  the  line  xp;  draw  <  n  (  at  right  angles  toxp. 

To  draW  a  Joint  np,ortm  elliptic  arch,  from  any  point  n,in 

the  arch.     Proceed  as  in  the  foregoing  rule  for  a  Ungent,  only  omitting  (  (;  »p  will  be  tbe 
r«qd  Joint. 
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To  draw  an  oval,  or  flulse  ellipse. 

When  onlj tbo long diam  ahU  gtren, the foUowinK 
will  give  agreeable  currea,  of  which  the  ipao  a  6  wiU 
Dot  exceed  aboat  three  time*  the  riae  e  o.  On  a  &  de> 
scribe  (wo  ioteraecting  circlea  of  aaj  rad;  throagh 
their  ioterseotiona  «,  «,  draw  eg;  uake  tg  and  v  • 
each  equal  to  the  diam  of  one  of  the  circle*.  Through 
the  centers  of  the  circles,  draw  ejf,  eh,  gd,  gt.  From 
edesoriboAiy;  and  fk-om  y  describe  d  o  t. 


Wlieii  tbe  span,  mn,  and  the 
rise,  » t,  are  botii  giveum 

Hake  any  tte  and  mr,  eqaal  toeaob  other, 
but  each  less  than  (  s.  Draw  r  t$;  and  through 
ita  center  e  draw  tbe  perp  <o  y.  Draw  y  >• «. 
Uake  «  X  equal  m  r.  and  draw  y  si.  Fromxand 
r  desoribe  n  o  and  m  a;  and  Arom  y  describe 
ate.  By  making  « d  equal  to  •  y.  we  obtain 
the  center  for  the  other  side  of  tbe  oval. 

The  beauty  of  the  eorre  will  depend  upon 
what  portion  of  i «  is  taken  for  m  r  and  I  w. 
When  an  oval  is  rerj  flat,  more  than  three  cen- 
ters are  required  for  drawing  a  graceful  curve ; 
but  the  finding  of  theee  eenters  is  quite  as  trou- 
blesome as  to  draw  the  eonreot  ellipse. 


On  Mie  iriven  line,  a  a,  to  draw  a 
eyma  reefa>ae«. 

Find  the  center  e,  of  a  s.  From  «,  e.  a«d  $,  with  one*half 
of  a  «  as  rad,  draw  tbe  four  small  arcs  at  o,  o.  The  inter- 
sections o,  o,  are  the  oenters  for  drawing  the  crma,  with 
tbe  xaaae  rad.  By  reversing  tbe  position  of  the  ares,  we 
obtain  the  cyma  raoerao,  or  oi^ee.  dtf. 
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MENSURATION. 


THE  PARABOI.A. 


Fig.l.  Fig.  2. 

Tbe  eommon  or  conic  |»arabola, 

0  &  e.  Fig  1,  1«  a  earve  formed  by  outtlug  a  cone  ia  a  direction  (  a,  parallel  to  iU  aide.  The 
curved  line  ob  e  Itself  is  oalled  the  perimeter  of  the  parabola ;  tbe  line  o  c  is  called  its  beue ;  &  a  it* 
height  or  axis;  b  its  apex  or  vertex;  auy  Hue  «  s,  or  o  n,  Fig  2,  drairu  from  tbe  curve,  to,  aod  at  right 
aogies  to,  the  axis,  is  ao  ordUuUe  ;  aud  the  part «  6,  or  a  6,  of  the  axis,  between  the  ordinate  and  the 
apex  6,  is  an  abscissa.  The  /ocus  of  a  parabola  is  that  point  in  the  axis,  where  the  absoissa  h  s,  is 
equal  to  one-half  of  the  ord  e  s.  The  dist  ft-uui  the  apex  to  the  focus,  is  called  the/ocoZ  dUt.  Th« 
focus  may  be  entirely  beyond  or  outside  of  the  curve  itself.  Its  dlst  from  the  apex  is  found  thus  : 
square  any  ord.  as  o  a ;  div  this  sauare  bv  the  abscissa  b  a  of  that  ord ;  div  the  quot  by  4.  The 
nature  of  the  parabola  is  such  that  its  alMoissas,  aM  b  s,  b  a,  &e,  arc  to  each  other  as,  or  in  proportion 
to.  the  squares  of  their  respective  ords  e  s.  o  a,  &c ;  that  is,  as  b  s  :  b  a  :  :  e  s3  :  o  o^ ;  or  b  s  :  e  s2 : :  b  a : 
oa^  .  If  the  square  of  any  ord  be  divided  by  its  abscissa,  the  quot  will  be  a  consUnt  quantity ;  that 
Is,  it  will  be  equal  to  the  square  of  any  other  ord  divided  by  its  abscissa.  This  quot  or  constant  quan* 
tity  is  also  equal  to  a  certain  quantity  oalled  the  parameter  ot  the  parabola.  Therefore  the  parameter 
may  be  found  by  squaring  e  s,  or  o  a,  (one-ikal/or  the  base.)  and  dividing  said  square  bv  tbe  height 
b  s,  or  b  a,  as  the  case  mav  be.  If  the  square  of  any  ord  be  divided  by  the  parameter,  the  quot  will 
be  the  abscissa  of  that  ord. 

To  find  the  leng^tli  of  a  parabolic  curve. 

The  approximate  rule  given  by  various  pocket-books,  is  as  follows  : 

Length  =  2  X  l/(H  base)*  +  \%  times  the  (Height^) 

Where  the  height  does  not  exceed  1-IOth  of  the  base,  this  rule  may,  for  practical 
purposes,  be  called  exact     "'«•»'   k»  —  i^  k— ^  u  „:„^  about  ><  per  cent  too 


much  :  ht  =  Ji  base,  aho 
twice  the  base,  about  Vi% 


Fig.  5. 


kbout  8^  per  cent ;  bt  = 
otore,  about  15^  per  cent, 
he  writer  U  eprreet 
MX),  Id  ail  cases ;  and  will 
y  purposes. 

d.  Pig  4,  be  tbe  parabola, 
base  a  b  or  n  <f ;  and  the 
le  the  complete  fig  a  <f  b  «, 
lud  in  ef</4<roase,  assume 
e  chord  or  base ;  and  one- 
:  d.  to  be  the  height,  of  a 
ingth  of  ihii  circular  arc. 
table  given  for  that  pur- 
rd  or  base  a  b,  or  u  d  of 
ibt  e  d  or  c  a.  I.i4K)k  for 
of  bases  in  the  following 
)  table  the  corresponding 
gtb  of  the  circular  arc  by 
le  length  of  arc  a  d  b.  or 
:.  For  bases  of  parabola* 
t.  or  greater  than  10  time* 
r  is  1,  and  is  very  approx- 
1s,  the  parabnla  will  he 
me  length  ai  the  circular 


To  flntl  the  area  of  a  parabola  tnanb. 

Mult  its  base  m  n.  Fig  5,  by  its  height  a  ft ;  and  take  H^  ^^f  the  prod. 
Tbe  area  of  any  segment,  as  w  b  v,  whose  base  u  «  is  parallel  Xn  mn.  Is 
found  in  the  same  way,  usiug  u  v  and  s  b,  instead  of  mn  and  a  b. 

To  find  the  area  of  a  parabolic  zone,  or  frnsi- 
tam,  Wk»mn,uv. 

RuLR  1 .  First  find  by  the  preceding  rule  the  area  of  the  whole  psrahola 
mbn;  then  that  of  the  segment  wbv;  and  subtract  the  last  f.-om  the 
tir.<(t. 

Bulb  2.  From  the  cube  of  m  n.  take  the  cube  of  «  «:  call  the  A\tt  e. 
From  the  squnre  of  m  n.  take  the  square  of  «  v ;  call  the  diff  s.  Div  e  bf 
«.    Mult  tbe  quot  by  ^ds  of  the  height  a  «. 
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Table  for  I^enfpths  of  Parabelle  Ciirve«.   See  opp  page.    (Original.) 


Base. 

HuU. 

Base. 

Hnlt. 

Base. 

Malt. 

1  ,«.. 

MoU. 

.05 

1.000 

1.10 

.999 

215 

.949 

3.20 

.983 

.10 

1.001 

1.15 

.997 

2.20 

.951 

3.30 

.984 

.15 

1.002 

1.20 

.995 

2-25 

.954 

3.40 

.985 

.20 

1.004 

1.25 

.993 

2.30 

.956 

3.50 

.986 

.25 

1.006 

1.30 

.990 

2.35 

.958 

3.00 

.987 

.30 

1.007 

1.35 

.987 

2.40 

.900 

3.70 

.9S8 

.35 

1.007 

1.40 

.981 

2.45 

.962 

3.80 

.989 

.40 

1.008 

1.45 

.080 

2.50 

.96:1 

3.90 

.990 

.46 

1.009 

1.50 

.977 

2.f,5 

.966 

4.00 

.091 

.60 

1.010 

1.55 

,974 

2.60 

.967 

4.25 

.992 

.65 

1.010 

1.60 

.970 

2.65 

.969 

4.60 

.993 

.60 

1.010 

1.65 

.966 

2.70 

.970 

4.75 

.994 

.66 

1.011 

1.70 

.963 

2.76 

.972 

6.00 

.996 

.70 

1.011 

1.75 

.960 

2.80 

.078 

6.25 

.996 

.75 

1.010 

1.80 

.957 

2.86 

.975 

6.P.0 

.997 

.80 

1.009 

1.86 

.963 

2.90 

.976 

6.76 

.906 

.85 

1.008 

1.90 

.950 

2.95 

.978 

6.00 

.998 

.90 

1.000 

1.96 

.940 

3.00 

.979 

7.00 

.999 

.95 

1.004 

2.00 

.942 

3  05 

.980 

8.00 

1.000 

1.00 

1.002 

2.05 

.9U 

3.10 

.981 

10.00 

1000 

l.Oo 

1.001 

2.10 

.946 

3.15 

.982 

To  ilrnw  a  parabola,  having  base  c«  and  height  e  o. 

eoa,  Fig  6.  Make  o  t  equal  to  the  height  eo.  Draw  c<  asd 
•  ( ;  and  divide  each  of  them  into  any  number  of  equal  parts ; 
numbering  them  oa  in  the  Fig.  Join  1, 1 ;  S,  2 ;  8,  S.  Ac ; 
then  draw  the  curve  by  band.  It  will  be  observed  that  the 
intersections  of  the  lines  1,1;  2,  2,  &c,  do  not  give  points  in 
the  curve ;  but  a  portion  of  each  of  those  lines  forms  a  Un- 
gent  to  the  curve.  By  increasing  the  number  of  divisions 
oa  c  (  and  s  t,  an  almost  perfect  curve  is  formed,  scarcely 
roqairing  to  be  tOQohed  up  by  hand.  In  practice  it  is  best 
first  to  draw  only  the  center  portions  of  the  two  lines  which 
cross  each  other  just  above  o ;  and  from  them  to  work  down- 
vard;  actually  drawing  only  that  small  portion  of  each 
■accessire  lower  line,  which  is  necessary  to  indioate  the 
curve. 

Or  the  parabola  may  be  drawn 
thus : 


Draw  v«  perp  to  axis  a  b ;  prolong  a  b  until  b  w  equals  t  b.    Join  to  v. 
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MENSURATION. 


Tbe  Cycloid, 

acbf  ia  the  curve  described  by  a  point  a  in  the  circumference  of  a  circle, 
a  n,  during  one  complete  revolution  of  the  circle,  rolled  along  a  straight  line 

ab;  which  is  called  the  base  of  the 

a d h  cycloid. 

The  vertex  of  the  cycloid  is  at  c. 
Base,  a  6,  =  circumference  of  generat- 
ing circle  ait 
=  diameter,  cd^  of  generat- 
ing circleXn-  =  'iMlGcd, 
Axis,  or  belirhi,    cd  =  an, 
I^eng^h,  aobf  =  ^ed. 

Area,  acbd  =  HX  area  of  generating  circle,  a  n 

=  3^^  =  C(i»X  Jit  =cd«X  2.3562. 
4 

Center  of  g^ravlty  at  ^.  eg  =  ^d. 

To  draw  a  tang^ent,  eo,  from  any  point «  in  a  cjrcloid :  draw  eg  at  right 
antdes  to  the  axis cd;  on  cd describe  the  generating  circle  dcl\  join  t c ;  fr«>m 
e  draw  e  o  parallel  to  t  c.  The  cycloid  is  the  eurve  of  quickest  descent ; 
so  that  a  body  would  fall  from  b  to  c  along  the  curve  om  c,  in  less  time  than 
along  the  inclined  plane  6ic,  or  any  other  line. 


80I.I1>S. 
THE   REOiri^AR   BODIEf 


A  regrnlar  body*  or  reirnlar  polyliedron,  is  one  which  has  all  its 
sides,  and  its  solid  angles,  respectively  similar  and  equal  to  each  other.  There 
are  but  five  such  bodies,  as  follows : 


Name. 

Bounded  by 

Surface 

(=sum  of  surfaces 
of  all  the  faces). 

Multiply  the  square 
of  the  length  of 
one  edge  by 

Volnme. 

Multiply  the 

cube  of  the 

length  of  oue 

edge  by 

Tetrahedron 

Hexahedron  or  cube 
Octaiipdron 

4  equilateral  triangles. 
6  squares. 

8  equilateral  triangles. 
12        **      pentagons. 
20        "       triangbs. 

1.7320 

6. 

8.4641 

20.6458 
8.6602 

.1178 
1. 
4714 

Dodecahedron 

Icosahedron 

7.6631 
2.1817 

Ouldlnus'  Tbeorem. 


Fig.  A. 


Fig.R 


If  the  revolution  is  incomplete, 

complete  .  incomplete  . . 
revolution  '  revolution    ' 


tny  1 

irregular  mass  abcm.  Fig  A,  or  the  rin^ 
abcm^  Fig  R),  generated  by  a  complete 
or  partial  revolution  of  any  figure  ^as 
nbca)  around  one  of  its  sides  (as  ae. 
Fig  A),  or  around  any  other  axis  (as 
xy.FigB). 

Volume  =»  snrftice  abeaX  Ipngth 
of  arc  described  by  is  center  of  grav- 
ity G. 

If  the  revolution  is  complete,  the  arc 
described  is  =  circumference  =  radius 
0  G*  X  2ir  =  radius  o  G*  X  6.283186 ;  and 

Tolume  ^surface  abcaX  radius 
oG*X  6.283186. 


circumference  . 
found  as  above 


arc 
described 


*  Measured  perpendicularly  to  the  axis  of  revolution. 

Digitized  by  VjVJ^  VI' 


MENSURATION. 


155 


PARAI.I<EI«OPIPEDS. 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


A  parallelopiped  is  any  solid  contained  within  six  sides,  all  of  which  are 
parallelogranvi ;  and  those  of  each  opposite  pair,  parallel  to  each  other.  We 
show  but  four  t)f  them  ;  corresponding  to  the  four  oarallf  lo;;raiii8 ;  namely,  the 
ctfftf,  Fig  1,  which  has  all  its  sides  equal  squares,  aoa  all  its  angles  right  angles ; 
the  righi  rectangular  prisma  Fig  2,  has  all  its  angles  right  angles,  each  pair  of 
opposite  faces  equal,  but  uot  all  of  its  faces  equal ;  the  B/wmbohedron,  Fig  3, 
which  has  all  its  sides  equal  rhombuses,  and  which,  like  the  rhombus,  p  119,  is 
sometimes  called  "  rhomb  " ;  the  Rhombic  prism,  Fit?  4 ;  its  faces,  rhombuses,  or 
rhomboids,  each  pair  of  oi^poeite  taoea  equal,  but  not  all  its  faces  equal.  AU 
parallelepipeds  are  prisms. 

Volume  of  any  _  area  of  any  face,  y.  j>ef7)«»u2um/ar  distance,  p. 


l»arallelo|»iped 
Volume  of  a  cube 


to  the  opposite  face. 
=  cube  of  length  of  ooe  edge, 
=  1.90985  X  Tolume  of  inscribed  sphere, 
=  1.27324  X  •'  "  cylinder, 

=  3.81972  X  "  "  cone. 

Diagronnl  of  a  cube  =  dinmeter  of  circumscribing  sphere, 

=  1.7320508  X  length  of  oue  edge  of  cube. 
The  diaeonal  of  a  rhomb,  or  of  a  rhombic  prism,  cannot  be  calculated  by 
means  of  its  sides  and  their  angles. 


PRISMS. 


m 


A  prism  is  any  solid  whose 
two  end«  are  parallel,  simi  lar, 
and  equal ;  and  whose  sidct 
are  pardHdograms,  as  Figs  5 
to  10.  Conseouently  the  fore- 
parallelopipeds    are 


jp  going    . 

r  prisms.  A  i-ight  prism  is  one 
j  whose  sides  are  perpendic- 
I  ular  to  its  ends,  as  5.  6,  7  ; 
'  when  not  so,  the  prism  is 
oblique,  as  8,  9, 10.  When  all 
-        ,,         ,  ,       ,  the  sides  ofthe  figures  which 

form  the  ends  are  equal,  and  the  angles  included  between  those  sides  are  also 
equal,  the  prism  is  said  to  be  regular :  otherwise,  irregular. 
Volume  of  auy  prism  (whether  regular  or  irregular,  right  or  oblique) 
=  area  of  one  end  X  perpendicular  distnnce,  p,  to  the  other  end, 
=  area  of  cross  section  perpendicular  to  the  sides  X  actual  length,  a  b.  Figs 

5  to  10, 
=  3  X  volume  of  pyramid  whose  base  and  height  are  =  those  of  the  prism. 


To  find  the  volume  of  auy  frustum* 
of  any  prism. 

Whose  cross  section,  perpendicular  to  its  sides, 
is  either  any  trianele;  any  parallelogram;  a 
square,  (as  in  Fig  lOV^)  or  a  regular  polygon  of 
any  number  of  sides;  no  matter  how  the  two 
eDds  of  the  frustum  may  be  inclined  with  regard 
to  each  other;  or  whether  one,  or  neither  of 
them,  is  parallel  to  the  base  of  the  original 
prism. 

sum  of  lengths  of  parallel  edges. 
Volume     ^  l~l  +F2  +  3~3  +  4^ 

of  frustum  number  of  such  edges 

(4  in  Fig  lOK) 


Figs.  10^. 

area  of  cross  section 
J         perpendicular 
to  such  edges. 


*  Often  misspelt  "  frustrum."  Digitized  by  vjw^^^ic 
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MENSURATION. 


This  rule  may  be  us;  d  for  aseertainin^  beforehand,  th«  Quantity  of  earth  to 
be  removed  from  a  '  borrow  pit."  The  irregular  surface  of  the  ground  is  first 
staked  out  iu  squares;  (the  tape-line  beiujj  stretched  Aortaonto//y,  when  mea»- 
uriug  off  their  sides).  These  squares  should  be  of  such 
a  size  that  without  material  error  each  of  them  may  be 
considered  to  be  a  plane  surface,  either  horizontal  or  in- 
clined. The  depth  of  the  horizontal  bottom  of  the  pit 
being  determined  on,  and  the  levels  being  taken  at  every 
corner  of  the  squares,  we  are  thereby  furnished  with  the 
lengths  of  the  four  parallel  vertical  edges  of  each  of  the 
resulting  frustums  of  earth.  In  Figs  lU]^^  may  be  8up« 
posed  to  represent  one  of  these  frustums.  ^ 
If  the  frustum  is  that  of  an  irregular  4-sided,  or  polyg- 
onal prism,  first  divide  its  cross  section  perpendicular  to  it«  bides,  into  tri- 
angles, by  lines  drawn  from  any  one  of  its  angles,  as  a.  Fig  10^^.  Calculate  the 
area  of  each  of  these  tiiangles  separately ;  then  consider  the  entire  frustum  to 
be  made  up  of  so  many  triangular  ones;  calculate  the  volume 
of  each  of  these  by  the  preceding  rule  for  triangular  frustums; 
and  add  them  together,  for  the  volume  of  the  entire  frustum. 


Fig.  101^ 


*iC=::>\ 


Volume  of  any  frnstnm  of  any  prlfini. 

Or  of  a  cylinder.  Consider  either  end  to  be  the  base ;  and  find  its 

area.  Also  find  the  center  of  gravity  c  of  the  other  end,  and  the 

perpendicular  distance  n  c,  from  the  base  to  said  center  of  gravity. 

Fig.  10%.      Then   Volaine  of  frustam  =  area  of  base  Xn  c,  Fig  10%. 

The  slant  end,  c,  is  an  ellipse.   Its  area  is  greater  than  that  of  the  circular  end. 

Surface  of  any  prism,  Figs  5  to  10,  whether  right  or  oblique,  regular 

or  irregular 

__  /  circumference  measured   ^  o«*.,oi  i^n,,4V,  «i.\_l  sum  of  the  areas 
=  Vperpendicular  to  the  sides  ^  ^''^''^  ^®"^^'  «  *  j  +  of  the  two  ends. 

CTI^IBTDERS. 

A  cylinder  is  any  solid  whose  ends  are 
parallel,  similar,  and  equaj  euired  figures ; 
and  whose  sections  parallel  to  the  ends 
are  everywhere  the  same  as  the  ends. 
Hence  there  are  circular  cylinders,  ellip- 
tic cylinders  'or  cylindroids)  und  manv 
others ;  but  when  not  otherwise  expressed, 
the  circular  one  is  understood.  A  riffhi 
cylinder  is  one  wh«  se  ends  are  perpen- 
dicular to  its  sides,  as  Fig.  11 ;  when  oti  er- 
wise,  it  is  oblique,  as  Fig  12.  If  the  ends 
of  a  right  circular  cylinder  be  cut  so  as  to 
make  it  oblique,  it  becomes  an  elliptic  one ;  because  then  both  its  ends,  and  all 
sections  parallel  to  them,  are  ellipses.  An  oblique  circular  cylinder  seldom 
occurs ;  it  may  be  conceived  of  by  imagining  the  two  ends  of  Fig  12  to  be  circles, 
united  by  straight  lines  forming  its  curved  sides 

A  cylinder  is  a  prism  having  an  infinite  number  of  sides. 
Volume  of  any  cylinder  (whether  circular  or  el  liptic,  (&c,  right  or  oblique) 
=  area  of  one  end  X  perpendicular  distance,  p,  to  the  other  end, 

=  Ime-TrM  .S^Tto^e  Sde,  X  «°'-'  ^^^^^ « »•  ^'^  >'  "«"^ 
-^  3  X  volume  of  a  cone  whose  base  and  height  are  -=  those  of  the  cylinder. 
Surface  of  any  cylinder  (whether  circular  or  elliptic,  Ac,  right  or  oblioue) 
/circumference  \    „,„„  ^f  fu^  «,*»»« 

=  1  measured  perpendicularly    X  actual  length,  aft  1+^^^;  two  e^ds. 


Fig.  11. 


Fig.  12. 


\to  the  sides,  as  at  c  o,  Fig  12, 


*  diameter. 


Rigrlit  circular  cylinder  wlione  heifrlit  = 

Volume  =  H  X  volume  of  inscribed  sphere. 

Curved  surface     =  surface  of  inscribed  sphere. 

Area  of  one  end  =  i  surface  of  inscribed  sphere  =  J  curved  surfuce. 

Entire  surface     =  li  X  surface  of  inscribed  sphere  =  14  X  curved  surface. 


y  Google 


CONTENTS  OF  CYLINDERS,  OR  PIPES. 
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Cwntentm  tor  one  foot  In  lonrtli.  In  Cub  Ft,  and  fn  U.  8.  Oallons  of 

t31  eab  ins,  or  7.4M)5  Galls  to  a  Ouh  Ft.    A  owb  ffof  water  welsliB  atwat  92H  Ibfl ;  and  a  gallon 
aboat  6H  IIm.    Dlam»  9, 8,  or  10  ttmes  m  sreat*  give  4,  9,  or  100  times  the  eootent. 
For  tlie  weiirlit  of  water  in  pipes,  see  Table  2     page  246. 


For  Ifl.  in 

For  1  ft  in 

For  1  ft.  in 

length. 

length. 

length. 

Dlain. 

DIam. 
Id  deci- 

Diam. 
in 

Diam. 
in  deci- 

Diam. 

Diam. 
in  decl- 

in 

-•5 

^    Q* 

*i5 

V.  • 

u5           -- 

lo*. 

mals  of 

1  -  . 

o  a 

Ins. 

mals  of 

•  *  ^ 

o  a 

in 

maUor 

l*.i 

o  a 

a  foci. 

\V. 

ii 

afoot. 

|i 

Ins. 

afoot. 

"••Si 

11 

%%^ 

^2 

■§s- 

^S 

«8sr 

^2 

«5 

^'g 

"^ 

«a 

«5_ 

^a 

% 

.0206 

.0003 

i)025 

Ya 

.6625 

.2485 

1.869 

10. 

lJi83 

1.969 

14.73 

5-ltt 

.0260 

.0005 

.0040 

7. 

.5833 

.2673 

1.999 

M 

1.625 

2.074 

16.51 

% 

.0313 

.0008 

.0057 

\ 

.6042 

.2867 

2.146 

20. 

1.667 

2.182 

16.32 

7-16 

.0365 

.0010 

.0078 

.6260 

.3068 

2.295 

M 

1.708 

2.292 

17.15 

.\i 

0417 

.0014 

.0102 

% 

.6488 

.3276 

2.450 

21. 

1.760 

2406 

17.99 

.0469 

.0017 

.0129 

8.^ 

.6667 

.3491 

2.611 

M 

1.792 

2.621 

18.86 

% 

.0521 

.0021 

.0169 

H 

.6875 

.3712 

2.777 

22. 

1.833 

2.640 

1975 

ii-iS 

.0573 

.0026 

.0193 

.7083 

.3941 

2.948 

H 

1.876 

2.761 

20.66 

iJ 

.0625 

.0031 

.0230 

/A 

.7292 

.4176 

3.125 

23 

1.917 

2.886 

21.58 

.0677 

.0036 

.0-269 

9. 

.7500 

.4418 

3.305 

y% 

1.958 

3012 

22.53 

,J 

.0729 

.0042 

.0312 

H 

.7708 

.4667 

3491 

lC 

2.000 

3.142 

2:}.50 

.0781 

.0048 

.0359 

.7917 

.4922 

3.682 

25. 

2.083 

3.409 

25.50 

L 

.0833 

.0055 

.0408 

74 

.81-26 

.6186 

3.879 

26. 

2.167 

3.687 

27.68 

H 

.1042 

.0085 

.0638 

10. 

.8333 

.6454 

4  083 

27. 

2.250 

8.976 

29.74 

.1250 

.0123 

.0918 

\/ 

.8542 

.5730 

4.286 

28. 

2.833 

4.276 

31.99 

iu 

.1458 

.0167 

.1249 

.8750 

.6013 

4.498 

29. 

2.417 

4.587 

34  31 

2. 

.1667 

.0218 

.1632 

74 

.8968 

.6303 

4.716 

30. 

2.500 

4.909 

36.72 

i^ 

.1875 

.0276 

.2066 

11. 

.9167 

.6600 

4.937 

31. 

2.583 

6.241 

39.21 

P 

.2083 

.0341 

.2550 

y.    .9375 
g   .9583 

.6903 

6.164 

32. 

2.667 

6685 

41.78 

.2292 

.0412 

.3085 

.7213 

6.396 

?A. 

2750 

6.940 

44.43 

3.     * 

.2500 

.0491 

.3672 

M   •»792 

.7530 

6.633 

34. 

2.833 

6.305     47.13 

K 

.2708 

.0576 

.4.309 

12.     1  Foot. 

.7854 

6.875 

.35. 

2.917 

6.681 

49.98 

.2917 

.8668 

.4998 

•U  1.04-2 

.8.522 

6..375 

36. 

3000 

7.060 

52.88 

sz 

.3125 

.0767 

.5738 

13.     ,1.083 

.9218 

6.895 

.37. 

3.083 

7.467 

55.R6 

4. 

.3333 

.0873 

.6528 

K1125 

.9940 

7.4.36 

38. 

3.16T 

7.876 

58.92 

v/ 

.3542 

.0985 

.7369 

14.     11.167 

1.069 

7.997 

39. 

3.250 

8.296 

62.06 

\t 

.3750 

.1104 

.8-263 

>^,1.208 

1.147 

8.578 

40. 

8.333 

8.727 

65.28 

% 

..3958 

.1231 

.9-206 

15.    |l.250 

1.227 

9.180 

41. 

3.417 

9.168 

68.58 

& 

.4167^ 

.1364 

1.020 

^1.292 

1.310 

9.801 

4-2. 

3.600 

9.621 

71.97 

/4 

.4.375 

.1503 

1.126 

16.     |1..3.^3 

1.396 

10.44 

43. 

3.683 

10.086 

75.44 

\t 

.4583 

.1650 

1.234 

H  1.375 

1.485 

n.ii 

44. 

3.667 

10.669 

78.99 

yk 

.4792 

.1803 

1.349 

17.     jl.417 

1576 

11.79 

45. 

3.750 

11.046 

82.62 

6 

.6000 

.196:1 

1.469 

H  1.458 

1.670 

12.49 

46. 

3.833 

11.641 

86.33 

^ 

.6208 

.21.31 

1.594 

18.     tl.5O0 

1.767 

13.22 

47. 

3.917 

12.048 

90.13 

.5417 

.2304 

1.724 

H1.542 

1.867 

13.96 

48. 

4.000 

12.566 

94.00 

Table  <$ontinned,  but  witb  the  diams  in  feet. 


Diam. 

Cub. 

U.S. 

Diam. 

Cub. 

U.S. 

Dia. 

Cub. 

U.S. 

Ipia. 

Cub. 

U.S. 

Feel. 

Feet. 

Galls. 

Feet. 

Feet. 

Oalls. 

Feet. 
12 

Feet. 

Ualls. 

Feet. 

Feet. 

Galls. 

4 

12.57 

94.0 

7 

38.49 

287.9 

113.1 

846.1 

24 

452.4 

3384 

x^ 

14.19 

106.1 

l^ 

41.28 

308.8 

13 

132.7 

992.8 

25 

490.9 

3672 

15.90 

119.0 

Sa 

44.18 

330.5 

14 

153.9 

1152. 

26 

530.9 

3971 

M 

17.72 

182.5 

74 

47.17 

352.9 

15 

176.7 

1322. 

27 

572.6 

4283 

5 

19.64 

146.9 

8 

50.27 

376.0 

16 

201.1 

1604. 

28 

615.8 

4606 

-^ 

21.65 

161.9 

Vi 

56.75 

424.5 

17 

227.0 

1698. 

29 

660.5 

4941 

23.76 

177.7 

9 

63.62 

475.9 

18 

254.5 

1904. 

30 

706.9 

5288 

25.97 

194.3 

H 

70.88 

530.2 

19 

283.5 

2121. 

31 

754.8 

5646 

6 

28.27 

211.5 

10 

78.54 

587.6 

20 

314.2 

2350. 

32 

804.3 

6017 

K 

30.68 

229.5 

H 

86.59 

647.7 

21 

846.4 

2591. 

33 

855.3 

6:^98 

1^ 

33.18 

248.2 

11 

95.03 

710.9 

22 

380.1 

2844. 

34 

907.9 

67U2 

% 

35.79 

267.7 

}4 

103.90 

777.0  1  23 

415.5 

3108. 

35 

962.1 

7197 

Digitized  by  VjW^S 
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CONTENTS  AND   LININGS  OF   WELLS. 


COHrTEBTTS  AND  I.1N1N08  OF  WEI^IiS. 

For  diams  twice  at  great  as  those  In  the  table,  for  the  cub  yds  of  digging,  Uke  out  those  oppoaite 
one  hai4  of  the  greater  diam ;  and  mult  them  by  4.  Thus,  for  the  cub  yds  tu  each  foot  of  depth  of  sk 
well  31  feet  in  dtam,  first  take  out  from  the  uble  those  opposite  the  diam  of  15H  feet;  namely,  6.96». 
Then  6.9t)9  X  4  r:  'i7.»5ti  cub  yds  reqd  for  the  31  ft  diam.  But  for  the  stoue  lining  or  walling,  bricks 
or  plastering,  mult  the  Ubular  quantity  opposite  half  the  greater  diam,  by  2.  Thus,  the  perches  of 
stoue  walling  for  each  foot  of  depth  of  a  well  of  31  ft  diam.  will  be  2.073  X  2  =  4.146.  If  the  wall  \m 
more  or  less  than  one  foot  thick,  within  usual  moderate  limits,  it  will  generally  be  near  enough  for 
practice  to  assume  that  the  number  of  perches,  or  of  bricJis,  will  Increase  or  decrease  in  the  same  pro- 
portion. 

The  sixe  of  the  bricks  is  token  at  8>i  X  4  X  2  inches :  and  to  be  laid  dry,  or  without  mortor.  In 
practice  an  addition  of  about  5  per  cent  should  be  made  for  waste.  The  brick  lining  is  supposed  to 
be  1  brick  thick,  or  8>^  ins. 

CAUTION.  —  Be  careful  to  observe  that  the  diame  to  be  used  for  the  digging, 
are  greater  than  those  for  the  walling,  bricks,  or  plastering.  No  errors. 


For  each  foot  of  depth. 

For  each  foot  of  depth. 

For  this 

For  these  three  cols  use  the 

For  this 

For  these  three  ools 

aaethe 

coljise  the 

diam  in  dear  of  the  liniDg. 

ool  nse  the 

diam  in  clear  of  the 

llninc. 

Diam. 

Diameter 
of  the 

Diam. 
in 

Diameter 

in 

of  the 

Feet. 

Digging. 

Stone 

No.  of 

Square 

Yards  of 

Plaster- 

Ing. 

Feet. 

Digging. 

Stone 

No.  of 

Yard* 
ofPlaa. 

Lining 
1ft  thick. 
Perches  of 

Bricks  in 
a  Lining 
I  Brick 

Lining 
1ft  thick. 
Perches  of 

Bricks  in 
a  Lining 
1  Brick 

Cub  Yds. 

of 
Digging. 

OwbYds. 

of 
Digging. 

25  Cub  Ft. 

thick. 

25  Cob  Ft. 

thick. 

tcrins. 

1. 

.0291 

.2513 

57 

.3491 

H 

6.107 

1.791 

750 

4.625 

M 

.0455 

.2827 

71 

.4364 

H 

6.801 

1.822 

764 

4.71S 

H 

.0654 

.8142 

85 

.5236 

H 

6.600 

1.864 

778 

4.800 

H 

.0891 

.3456 

99 

.6100 

14. 

6.701 

1.885 

792 

4.887 

2. 

.1164 

..^770 

lU 

.6082 

^ 

6.907 

1.916 

806 

4.974 

g 

.1473 

.4084 

128 

.7855 

6.116 

1.948 

820 

5,062 

.1818 

.4898 

142 

.8727 

^ 

6.329 

1.979 

884 

5.149 

H 

.2200 

.4712 

166 

.9600 

16. 

6.546 

2.011 

849 

6. 236 

8. 

.6027 

170 

1.047 

g 

6.766 

2.042 

868 

6.82S 

.6341 

184 

1.135 

6.989 

2.078 

877 

6.411 

.6655 

198 

1.222 

^ 

7.216 

2.105 

891 

5.498 

ye 

.5969 

212 

1.309 

16. 

7.447 

2.136 

906 

6.585 

4. 

.6283 

227 

1.896 

1^ 

7.681 

2.168 

919 

6.67S 

.6597 

241 

1.484 

yi 

2.199 

938 

6.760 

a 

.6912 

256 

1.571 

%i 

2.231    4 

948 

5.847 

9i 

.7226 

269 

1.658 

17. 

2.262 

962 

5.9S4 

5. 

.7540 

283 

1.745 

2.2ai 

976 

6.022 

.7854 

297 

1.833 

1^ 

2.325 

990 

6.109 

^ 

.8168 

311 

1.920 

^ 

2.356 

1004 

6.196 

1^ 

.8482 

326 

2.007 

18. 

2.388 

1018 

6.283 

6. 

i.V»l 

.8796 

310 

2.095 

M 

2.419 

1032 

6.S7I 

l!l86 

.9111 

354 

2.182 

2.460 

1046 

6.468 

1^ 

1.229 

.9425 

368 

2.269 

^ 

2.482 

1061 

6.546 

s^ 

1.835 

.9739 

382 

2.356 

19. 

2.518 

1075 

6.6SS 

7. 

1.425 

1.005 

396 

2.444 

g 

2.645 

1089 

•.720 

1.529 

1.037 

410 

2.531 

2.676 

1103 

6.807 

1.638 

1.068 

425 

2.618 

^ 

2.608 

1117 

6.8IH 

s^ 

1.747 

1.100 

489 

2.706 

20. 

2.639 

llSl 

6.982 

8. 

1.862 

1.131 

453 

2.793 

g 

2.670 

11-45 

7.06» 

g 

1.980 

1.I6S 

467 

2.880 

2.702 

1160 

7.16« 

2.102 

1.194 

481 

2.967 

^ 

2.788 

1174 

7.24S 

H 

2.227 

1.225 

495 

8.054 

21. 

2.766 

1188 

7.331 

9.  ^ 

2..'t56 

1.2.57 

509 

8.142 

2.796 

1202 

7.418 

H 

2.489 

1.288 

623 

3.229 

2.827 

.      1216 

7.606 

H 

2.625 

1.319 

538 

8.316 

^ 

2.869 

1230 

7.59S 

H 

2.765 

1..351 

552 

3.404 

22. 

2.890 

12U 

7.680 

IC. 

2.909 

1.882 

566 

8.491 

M 

2.922 

1250 

7.76T 

g 

S.056 

1.414 

680 

3.578 

H 

2.968 

127S 

7.864 

8.207 

1.445 

594 

3.665 

H 

1U.U» 

2.986 

128T 

7.942 

H 

8.862 

1.477 

608 

8.758 

28. 

16.89 

8.016 

1801 

8.029 

11. 

8.520 

1.508 

622 

8.840 

H 

16.72 

8.047 

1815 

8.116 

^ 

8.682 

1539 

687 

8.927 

H 

16.06 

8.079 

1829 

8.208 

8.847 

1.571 

651 

4.014 

H 

16.41 

8.110 

1843 

8.WI 

H 

4.016 

1.602 

666 

4.102 

24. 

16.76 

3.142 

I.Y57 

8.il78 

li 

4.189 

1.6S4 

679 

4.189 

^ 

17.11 

8.178 

1872 

8.466 

4.365 

1.665 

693 

4.276 

17.46 

8  204 

1886 

8.6M 

4.545 

1.696 

707 

4.364 

H 

17.82 

8.236 

1400 

8.640 

i/ 

4.729 

1.728 

721 

4.451 

25. 

18.18 

8.267 

1414 

8.727 

J3. 

4.916 

1.759 

786 

4.538 

A< 

;aby«l 

=  202  1 

Ls.|CH 

Is. 

If  perches  are  named  in  a  contract,  it  is  necessary,  in  order  to  prevent  fraad* 

to  specify  the  number  of  cub  feet  oontained  in  the  perch ;  for  stonequarriers  have  one  perch,  stose. 
masons  another,  Ac.  Engineers,  on  this  aooouot.  contract  br  the  cu5(c  yard.  The  perob  sbouM  be 
done  away  with  entirely ;  Perches  of  25  cub  ft  X  .926  =  cab  y(U ;  and  cab  yds -r  .926  -  pers  of  25  cab  fl. 
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CIRCVI^B  CTIilNDBIO  VM«VI«AS. 
tlie  eattinir  plane  d^es  not  eat  tlie  base.    Figs  18, 14. 


Fig.  14. 

^olnme)  »    area  of  base  o  j^  X  ^^  sum  of  greatest  ft  least  perp  heights,  o  n,  e  m, 
or         V_  f  area  of  cross  sec  measd  y,  }i  sum  of  greatest  and  least  lengths, 
uQguIa    )      ( perp  to  sides,  as  X,  ^        pt»t,o<,meaiH]  along  the  sides. 

T^^?    \     f  circnmf  measd  perp  y,  half  sam  of  greatest  and  least  lengths, 
^J^gl^    i^X     to  sides,  as  at «,      ^        ^m,  o  <,  measd  along  the  sides. 

Add  areas  of  ends  if  required. 

For  areas  of  seetlons  perpendicular  to  the  sides,  see  Circles,  pp  123,  Ac 

For  areas  of  sections  oblique  to  the  sides,  see  Tne  Ellipse,  pp  149,  Ac 


II.  Wlien  tlie  enttintr  plane  toncbes  tbe  base.    Figs  A  to  D. 


Tolnnte 

(whether 
right  or 
oblique) 


Carved 


{right 
ungula 
only) 


Fig  A  =  (%a 6»— a  c  X  area  a  <f  m  6*  of  base) -^^• 
FigB  =  Kc6«Xin». 

FigC  =  (%a6«-|-acXareaa<fm6*  of  ba8e)-^^• 
Flg  D  =  ^  area  of  circle  y  mf  X  »»  n 
=  5^  Tolume  of  cylinder  xymn. 

Fig  A  =»  (aft  X  my  —  aeX  length  of  arc  dmbX) . 

Fig  B  =  my  Xmn. 

Fig  C  =  (a6  X  my  +  «c  X  length  of  arc  dm6t)  ^• 
Fig  D  &=i  ^  circumference  of  base  fmyXm% 
=  l^  curved  surface  of  cylinder  xymn. 


m  n 
las'd  perp, 
to  base 


For  area  of  sloplafp  plane,  see  p  150. 


♦  For  area  of  base  (segment  of  circle),  see  pp  146  to  148, 

+  For  circles,  see  pp  123,  etc. 

t  For  length  of  circular  arc,  see  pp  141,  etc 

11  Digitized  by  CnOOgle 
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PYllAMIDS  AND  CONES. 


PTRAMIDS   AXB   CODTES. 

^  d         d 


4  6 

A  pyrramtd,  Fi^.  1,  2,  3,  is  any  solid  which  has,  for  its  base,  a  plane  figure 
of  any  nuipber  of  sides,  and,  for  its  sides,  plane  triangles  all  terminating  at  one 
point  d,  called  its  ajpeXf  or  top.  When  the  base  is  a  regular  figure,  the  pyramid 
is  regular ;  otherwise  irregular.    For  regular  figures,  see  Polygons,  p.  110. 

A  cone,  Figs.  4  and  5,  is  a  solid,  of  which  the  base  is  a  curved  figure;  and 
which  may  be  considered  as  made  or  generated  by  a  line,  of  which  one  end  is 
stationary  at  a  certain  point  d,  called  the  apex  or  top,  while  the  line  is  being 
carried  around  the  circumference  of  the  base,  whicn  may  be  a  circle,  ellipse, 
or  other  curve.  A  cone  may  also  be  regarded  as  a  pyramid  with  an  infinite 
number  of  sides. 

The  axis  of  a  pyramid  or  cone,  is  a  straight  line  d  o  in  Figs.  1,  2,  4 ;  and  d  i  in 
Figs.  3  and  5,  from  the  apex  d,  to  the  center  of  gravity  of  the  base.  When  the 
axis  is  perpendicular  to  the  base,  as  in  Figs.  1,  2.  4  t^®  ^^^  ^  said  to  be  a  right 
one ;  when  otherwise,  as  Figs  3,  5,  an  oblique  on6.  When  the  word  cone  is  used 
alone,  the  right  circular  cone,  Fig.  4,  is  understood.  If  such  a  cone  be  cut,  as  at 
1 1,  obliquely  to  its  base,  the  new  base  1 1  will  be  an  ellipse ;  and  the  cone  dtt 
becomes  an  oblique  elliptic  one.  Fig.  5  will  represent  either  an  oblique  circular 
cone,  or  an  oblique  elliptic  one,  according  as  its  base  is  a  circle  or  an  ellipse. 

VoluBue  of  pyrramtd  or  eone,  regular  or  irregular,  right  or  oblique. 
Volume  «  %  area  of  base  X  perpendicular  height  d  o,  Figs.  1  to  5. 

>=  %  volume  of  prism  or  cylinder  having  same  area  of  base  and 

same  perpendicular  height. 
«—  3^  volume  of  hemisphere  of  same  base  and  same  height. 
Or,  a  cone,  hemisphere  and  cylinder,  of  the  same  base  and  same  height,  have 
volumes  as  1,  2  and  3. 

Area  of  surface  of  sides  of  right  regular  pyramid  or  right  circular  cone. 
Area  =  J^  circumference  of  base  X  slant  height.* - 
In  the  cone,  this  becomes 


Area=   area  of  base  x  slant  height, 
radius  of  base 


Add  area  of  base 
if  required. 


Pig.SX 


Area  of  surface  of  oblique  elliptic  cone,  dttj 
Fig.  6i,  cut  from  a  right  circular  cone,  d««.  From  the  point 
c  where  the  axis  d  o  of  the  right  circular  cone  cuts  the  elliptic 
base  1 1,  measure  a  perpendicular,  r,  in  any  direction,  to  the 
curved  surface  of  the  cone.  Call  the  area  of  the  elliptic  base 
t  <,  '<a  "f  and  the  height  d»  measured  perpendicularly  to  said 
base  "  h."    Then 

Cnrv«l  S»r«««  -    fj,  _  «  X  Tolum.  of  oo».  . 

Add  area  of  base  if  required. 

10      No  measurement  has  been  devised  for  the  surface  of  an 
oblique  circular  cone. 


*  In  the  pyramidy  this  slant  height  must  be  measured  along  the  middle  of  od« 
of  the  sides,  and  not  along  one  of  the  edges. 
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To  flBd  the  marfmiem  mt  wok  trMgalar  pjmuMid* 

Whether  right  or  oblique,  each  side  must  be  calcuUtHd  as  n  separate  triangle  (see 
p,  110) ;  and  we  seyeral  areas  added  together.    Add  the  area  of  base  if  n^quired. 


FRUSTUMS  OF  PYRAMlDfi  AND  CONES. 


0  MP        ^^ ii m^ 


Fi«r.6.  Fig.  7. 


Fmstuin  ot  p^ntmid  (Fig.  6)  or  ot  eone  (llg.  7)  with  bate  and  ttp 
parallel. 

Voliune  (regular  or  irregular,  right  or  oblique) 

\y  w  perpendicular  v,    /  area    _i      area      i      ,/    nrea    v^     area   \ 
""  /^  X      height  oo      X    ^of  top  "f"  of  base  "f"    Y    of  top  ^  of  base/ 

_  1/  V  perpendicular  ^  /  area     i      area      ,      *  >;i  srea  of  a  section  \ 

—  >&  X  "^height  0  0      X  V  of  top  +  of  bsee  T  !»"»"«>  *<»•*»«»  "*i*r*^  / 

\        *^  between,  base  and  top  / 

—  (for  frustum  of  right  circular  cone,  Wg.  7,  only) 

'^  X  '^W?'"  X  3.1416  X   (<..«  +  ..«  +  ot  . ..) 

Svrfiuse  of  frustum  of  r^A(  regul  ir  pyramid  or  cone,  with  Xoip  and  base  parallelj 
rigs.  6  and  7. 

—  ly  /circumference     i    circumferenceX  v^      s'ant     ♦ 
'^  V       of  top  T"        of  base      /  ^  height «« 

Add  areas  of  top  and  base  if  ret^uired. 

In  the  finutam  of  »  rlgl&t  elrenlar  eome,  this  becomes 

Surtkce«  «-  /"^io*  _l   radiflsN    w     slant* 
^^       '^  Vof  top  +  of  base;    X  height  «( 

(tt  »  3.1416)  .  Add  areas  of  top  and  base  if  required. 


of  trregnlwr  or.  oblique  pyrrsonid  or  cone.     Surface  « 
sum  of  surfaces  of  sid-s,  each  of  which  must  be  treated  as  a  trapezoid.    See  p.  120. 

*  In  the  frustum  of  the  pyramid  (Fig  6),  this  slant  height  muRt  be  measured  along 
the  middle  of  one  of  the  sides  (as  at  («),  and  not  along  one  of  the  edges. 
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FBISBIOIDS. 


PKISHOIBA. 


a b 


Figr.l. 

A  prtomold  Is  sometimes  dflAned  as  a  lolid  haTiog  for  Its  ends  two  parallel 
plane  figures,  connected  by  other  plane  figures  ob  which,  and  through  every  point 
of  which,  a  straight  line  may  be  drawn  from  one  of  the  two  parallel  ends  to  the 
other.  These  connecting  planes  may  be  parallelograms  or  not,  and  parallel  to  eac^ 
other  or  not. 

Tlite  definition  -vronld  Include  the  cube  and  all  other  parallelopipeds; 
the  prism :  the  cylinder  (considered  as  a  prism  having  an  infinite  number  of  sides) ; 
the  pyramid  and  cone  (in  which  one  of  the  two  parallel  ends,  t  e  th«  one  forming  the 
apex,  is  considered  to  be  infinitely  small),  and  their  frustums  with  top  and  base 
parallel ;  and  the  wedge. 

But  the  use  of  the  term  prismoid.is  frequently  reitrlcled  to  six-sided  solids, 
in  which  the  two  parallel  ends  are  unequal  quadrangles ;  and  the  connecting  ptenes, 
trapezoids ;  as  in  Figs.  1  and  2 ;  and,  by  some  writers,  to  cases  where  the  parallel 
quadrangular  ends  are  reetangUg. 

The  following  Xprlsmoldal  fom&nl*"  applies  to  all  the  foregoing  solids, 
and  to  others,  as  noted  below. 

Let  A  "-  the  area  of  one  of  the  two  parallel  ends. 

a  —    "         **      the  other  of  the  two  parallel  ends, 
jl  _    «         «<     a  cross  section  midway  between,  and  parallel  to,  the  two 

parallel  ends. 
L  »■  the  perpendicular  distance  between  the  two  parallel  enda. 
Then 
Volnnfce  —  L  X  —     ^    

—•  L  X  mean  area  of  cross  section. 


The  following  six  figures  represent  a  few  of  the  irregular  solids  which  foil  under  the 
above  broad  definition  of  '♦  prismoid,**  and  to  which  the  prismoidal  formula  applies. 
They  may  be  regarded  as  one-chain  lengths  of  railroad  cuttiuies ;  a  o  beiag  the  leogth, 
or  perpendicular  (horizontal)  distance  between  the  two  parallel  (verticia)  ends. 
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ie  miamoldal  ftrwml^  mpfUlk^  «!••  t*  tb«  Wfhvn,  h«mliph«fe.  and 
other  spEerical  s^^mentf;  also  to  any  Motiont  lach  aia6od,and  owidfre,  of  the 


cone,  in  which 
catting  plane 
when  a  plane 


the  ildet  a <i,  a o,  or  od,  <e,  are  ibraight;  ai  «hej  are  onlj  when  the 
atfc  paseee  through  Ike  apex  or  top  a.  Alas  to  tiM  cyll»d«r 
paroUd  t»  the  ridm  paaees  through  hoth  enda;  hat  not  If  the  plane 


Intiaalan 


w  2  is  obliqnej  aa  in  the  fig.,  though  never  erring  more  than  1  in  142. 
caae  we  moat  imagine  uie  plane  to  be  extended  nntil  ft  eata  the  aide  of  the  cjlinder 
likewise  extended ;  and  then  by  page  169  find  the  solidity  of  the  nngnlathns  formed. 
Then  find  the  solidity  of  the  sinall  uugula  above  to,  also  thus  formed,  and  subtract 
it  from  the  large  one. 

This  very  extended  applicability  of  the  prlsmofdal  formula  was  first  discoTtrred, 
and  made  known,  by  Ellwood  Morris,  C.  E.,  of  Philadelphia,  in  1840. 


A  uredi^e 

Is  usually  defined  to  be  a  solid,  Tigs.  8  and  9j^nerated  by  a  plane  triangle,  a  «  c, 
moving  parallel  to  itself,  in  a  straight  line.  This  definition  requires  that  the  two 
triangular  ends  of  the  wedge  should  be  parallel ;  but  a  wedge  may  be  shaped  as  in 
Fig.  10  or  11.  We  would  therefore  propoae  the  following  definition,  which  embraces 
all  the  figs.;  besides  various  modifications  of  them.  A  solid  of  five  plane  faces ;  one 
of  which  is  a  parallelogram  abed,  two  opposite  sides  of  which,  as  a  c  and  h  d,  are 
united  by  means  of  two  triangular  faces  aon^  and  bdm,  to  an  edge  or  line  win, 
parallel  to  the  other  opposite  sides  ah  and  od.  The  parallelogram  ahed  may  be 
either  rectangular,  or  not ;  the  two  triangular  flftcee  may  be  similar,  at  not ;  and  the 
same  with  regard  to  the  other  two  faces.    The  following  rule  applies  equaUy  ta  all : 


Volume 

of  wedge 


->i 


Bum  of  lengths 

X     of  the  8  edges 

ah  +  ed  +  »m 


v^    perphtj)ftvm    w 
^     edge  to  back      ^ 


width  of 

back  {ahcd) 

meaa'd  perp  to  a  6. 
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SPHERES  OR  GLOBES. 

A  Spl&ere 

Is  a  solid  generated  by  the  revolation  of  a  semicircle  around  its  diameter.  Every 
point  in  the  surface  of  a  sphere  is  equidistant  from  a  certain  point  called  the  center. 
Any  line  passing  entirely  through  a  sphere,  and  through  its  center,  is  called  its  axit, 
or  diameter.  Any  circle  described  on  the  surface  of  a  sphere,  from  the  center  of 
the  sphere  as  the  center  of  the  circle,  is  called  a  great  circle  of  that  sphere ;  in  other 
words  any  entire  circumference  of  a  sphere  is  a  great  circle.  A  sphere  has  a  greater 
content  or  solidity  than  any  other  solid  with  the  same  amount  of  surface ;  so  that  if 
the  shape  of  a  sphere  be  any  way  changed,  its  content  will  be  reduced.  The  inter- 
section of  a  sphere  with  any  plane  is  a  circle. 

Yolmne  of  sphere* 

==  J  TT  radius*  —    4.1888    radius* 

—  ^  TT  diameter'  —    0.5236   diameter* 

-  .  drcumfereoce  * 

—  % —    0.01689  circumference* 

IT* 

—  %  diameter  X  area  of  surface 

-=  %  diameter  X  area  of  great  circle 
«=  %  volume  of  circumscribing  cylinder 
»-  0.5236  volume  of  circumscribing  cube. 

Area  of  anrfiaee  of  sphere  * 

—  4  TT  radius  a  —    12.5664  radius  a 

=-  TT  diameter*  —     8.1416  diameter* 

circumference*  ««,««  ,  • 

«■  .     0.8183  circumference* 

IT 

— «  diameter  X  circumference 

—  4  X  area  of  great  circle 

—  area  of  circle  whose  diameter  is  equal  to  twice  diameter  of  sphere. 
>—  curved  surface  of  circumscribing  cylinder 

6  X  voliyme     .  / 

diameter. 

Radius  of  sphere 


-/ 


Area  of  snrfaoe  .. 

J-- =    v/  .  07968  X  area  of  surfitce 

CircitiKiference  of  sphere  (see  also  rules  for  circles,  p.  123.) 

=    'v/6  TT^  volume  =   'v^59.2176  volume 

=    x/tt  area  of  surface  =    ^3.1416  area  of  surface 

area  of  surface 

diameter. 


•For  tables  of  surTaoes  and  eolldltlea  (volumes)  of  spheres,  see 

pp.  163  to  166.  If  the  diameter  is  measured  in  inches,  divide  the  surfaces  in  the  table 
by  144.  if  it  is  required  to  reduce  them  to  square  feet;  and  divide  the  Bolidities  by 
T728,  if  required  in  cubic  feet. 
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IPHERBS.    (OftmitAL.) 

■  of  1  in  tb«  lul  flgur*  00I7. 


y  Google 


164 


MENSURATION. 


S  P  H  E  R  E  S  ~  (OomifusD.) 


2a69.1 

ss80.a 

1311.& 
2SS2.8 
aS54.3 
1313.8 
2387.5 
2419.2 
244K1 
2463.0 
2485.1 
2507.2 
2529.S 
2561.8 
2974.S 
2506.7 
2619.4 
2642.1 
2063.0 
2687.8 
2710.9 
27S4.0 
2757.3 
2780.5 
2ti04.C 
282T.4 
2851.1 
2874.8 
2808.7 
2922.5 
2»16.t 
2970.6 
2994.9 
3019.1 
S043.6 
3068.0 
3092.7 
3117.3 
3142.1 
3166.9 
3192.0 
8217.0 
3242.2 
3267.4 
3292.9 
3SI8.8 
3343.9 
3369.6 
3395.4 
34:ri.t 
3447.S 
3473.8 

19.5 

15.7 
3552.1 
3578.6 
StOS.l 
3631.7 

>8.5 
3685.3 
3713.3 
37S9.3 
3766.5 
S798.T 
3821.1 
3848.5 
3876.1 
S903.7 
3931.6 
3950.2 
9067.2 
4015.2 
4043.8 
4071.6 

Tt.9 
4128.3 
4156.9 
4186.5 


10164 
10306 
10450 
10505 
10741 
10689 
11038 
11189 
11341 
11494 
11649 
11805 
11862 
12121 
12281 
12443 
1S606 
12770 
12936 
13103 
13272 
13442 
18614 
18787 
13961 
14137 
14815 
14494 
14674 
14856 
160&9 
15224 
15411 
16699 
16788 
15979 
16172 
16366 
16561 
16758 
16957 
1TI57 
17359 
17563 
17768 
17974 
18182 
16392 
18694 
18817 
19032 
19248 
19466 
19685 
19907 
90129 
20354 
90580 
908O8 
21037 
21268 
91501 
21736 
21972 
22210 
22449 


28179 
93425 
99674 
9S924 
M176 
21429 
94685 
24942 
25301 
»4€1 


4214.1 
4243.0 
4271.8 
4300.9 
4SS0.0 
4360.9 
4388.5 
4417.9 
4447.5 
4477.1 
4506.8 
4586.5 
4566.6 
4566.4 
462S.6 
4656.7 
4686.9 
4717.3 
4747.9 
4778.4 
4809.0 
4830.9 
4870.8 
4901.7 
4982.7 
4S64.0 
4996.8 
5026.6 
6058.1 
6089.6 
5121.3 
5153.1 
5184.9 
5216.8 
6948.9 
6281.1 
6313.3 
6345.6 
6378.1 
64N).7 
6443.3 
6476.0 
6506.9 
5541.9 
6574.9 
5608.0 
5641.8 
5674.5 
5708.O 
5741.5 
6715.2 
5806.8 
5842.7 
5876.5 
6910.7 
5944.7 
5978.9 
6013.2 
6047.7 
6082.1 
6116.8 
6151.6 
6186.8 
6291.9 
6256.1 
6291.9 
6326.5 
6361.7 
6397.2 
6432.7 
6468.8 
6S0S.9 
6580.7 
6675.5 
6611.6 
6647.6 
6688.7 
6720.0 


1 

1 

^ 

i 

1 

1 

Q 

Q 

OQ 

CQ 

OQ 

OQ 

25724 

H 

6766.5 

52222 

H 

9896.0 

92570 

25088 

6792.9 

69645 

9940.2 

93190 

26254 

^ 

6829.5 

68071 

^ 

9984.4 

98819 

26622 

6866.1 

63499 

10029 

94488 

26792 

Tj 

6902.9 

63929 

^ 

10073 

96066 

27063 

47. 

6SS6.9 

64362 

1^ 
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SEGMENTS,  ETC.,   OF  SPHERES. 


To  find  Uie  solidity  of  a  spberlcal  segment. 

RcLB  1.  Square  the  radon,  of  its  base;  mult  tbls  square  by  8;  to 
the  prod  add  the  square  of  its  height  o  • ;  malt  the  sum  by  the  height 
o  • :  and  mult  this  last  prod  br  .5236. 

RuLB  2.  Mult  the  diaro  a'b  of  the  tpDerebj  9;  from  the  prod 
take  twice  the  height  o  s  of  the  segment ;  mult  the  rem  by  the  squars 
of  the  height  o  a ;  and  mult  this  prod  by  .5236. 

The  solidity  of  a  sphere  being  ^ds  that  of  its  oironmsortbing  oylin- 
der,  if  we  add  to  any  solidity  in  the  table,  its  half,  we  obtain  that 
of  a  cylinder  of  the  same  diam  as  the  sphere,  and  whose  height 
equals  its  diam. 


To  find  the  eurired  surface  of  a  spherical  senrment. 

Rdlb  1.  Kult  the  diam  a  6  of  the  sphere  from  which  the  segment  is  eot,  by  S.U16 ; 
mult  the  prod  bv  the  height  o  •  of  the  seg.  Add  area  of  base  if  reqd.  Rem.  HaviDg  the  diam  n  r 
of  the  seg,  and  its  height  o  $,  the  diam  a  5  of  the  sphere  may  be  found  thns :  Dir  the  square  of  half 
the  diam  n  r,  by  its  height  o  • ;  to  the  qnot  add  the  height  o  «.  Rolb  2.  The  curved  surf  of  either 
a  segment,  last  Fig,  or  of  a  zone,  (next  Fig,)  bears  the  same  proportion  to  the  surf  of  the  wh(ri« 
sphere,  that  the  height  of  the  seg  or  zone  bears  to  the  diam  of  the  sphere.  Therefore,  first  find  the 
surf  of  the  whole  sphere,  either  by  rule  or  from  the  preceding  table ;  mult  it  by  the  height  of  the  «ci|| 
or  zone ;  dir  the  prod  by  diam  of  sphere.  Rulb  3.  Mult  the  eircumf  of  the  sphere  by  the  height  •  • 
of  the  seg. 

To  find  tbe  solidity  of  a  spherical  sone* 

Add  together  the  square  of  the  rad  e  d.  the  square  of  rad  o  b, 
and  Hd  of  the  square  of  the  perp  height  e  o ;  mult  the  sum  bj 
1.5708;  and  mult  this  prod  by  the  height  to. 

To  find  the  cnrTcd  sarfnce  of  a  spher- 
ical zone. 

RuiB  1.  Mult  together  the  diam  m  n  of  the  sphere ;  the  height 
e  o  of  the  sone.  and  the  number  .n.l416.  Or  see  preceding  Rule  2 
for  surf  of  segments.  Rule  i.  Mult  the  ciroomf  of  the  sphere,  bj 
the  height  of  the  zone. 

To  find  the  solidity  of  a  hollow  spher- 
ical shell. 

Take  from  the  foregoing  table  the  solidities  of  two  spheres  haTlng 
the  diams  a  b,  and  c  d.  Subtract  the  least  firom  the  greatest.  Here 
a  c  or  6  d  is  the  thickness  of  the  shell. 


THE  EI<I«IPSOID,  OR  SPHEROIB, 

Is  a  Bolid  generated  by  the  rerolution  of  an  ellipse  around  either  its  long  or  lU  short  diam.  Wheii 
around  the  long  (or  transverse)  diam,  as  at  a.  Fig  1,  it  is  an  oblonir  or  pro- 
late spheroid ;  when  around  the  short  (or  conjnffate)  one,  as  at  m,  in  Fig  2; 
it  is  oblate. 


Q 


Fig.l. 


Tig.  2. 


For  the  solidity  in  either  case,  mult  the  fixed  diam  or  axis  hj  the  square 

of  the  revolving  one ;  and  mult  the  prod  by  .5286. 
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THE  PARABOI^OID,  OR  PARABOI^IC  CONOID, 

oezt  Ftg,  Is  a  solid  generated  by  tbe  reTolatlon  of  a  parabola  aeb,  around  Its  axis,  e  r. 

For  its  solidity  mult  the  area  of  its  base,  by  half  its  height,  r  e.    Or  mult 
together  the  square  of  the  rad  a  r  of  the  base;  the  height  r  e;  and  the  number  1.5706. 


For  tlK%  solidity  of  a  frastnm, 

mb  g  h,  the  ends  of  which  are  perp  to  the  axis  r  c ;  add  together  the 
squares  of  the  two  diams  a  6  and  g  h ;  mult  the  sum  by  tbe  height  r  I; 
mult  the  prod  bj  the  decimal  .S»'i7. 

To  find  the  surface  of  a  paraboloid, 

Hult  the  rad  a  r  of  its  base,  bj  6.2832;  div  the  prod  by  12  times  the 
square  of  the  height  r  c ;  call  the  quot  p.  Then  add  together  the  square 
or  the  rad  a  r,  and  4  times  tbe  square  of  the  height  r  e.  Cube  the 
sum ;  take  the  sq  rt  of  this  cube ;  from  the  sq  rt  subtract  the  cube  of 
the  rad  a  r.    Mult  the  rem  by  p. 

Either  the  solidity,  or  the  surface  of  a  frustum,  ahgh,  when  gkH 
parallel  to  a  i,  may  be  found  by  calculating  for  the  whole  paraboloid, 
and  for  the  upper  portion  c  y  A,  as  two  separate  paraboloids,  and  taking  tbeir  dilL 

THE   €IR€1JI«AR   SPINOI^E, 

Is  a  solid  ahnif  generated  by  tbe  revolution  of  a  oLronlar  Mgment 
a  6  n  e  a,  around  its  chord  a  »  as  an  axis. 

To  find  its  solidity. 

KiruK  I.   First  find  the  area  oT  ah  e,  or  half  the  generating  circular  < 
segment.    Then  to  the  square  of  a  e.  add  the  square  of  b  e ;  div  the  sum 
by  &  y ;  trom  tbe  quot  take  b  e ;  mult  the  rem  by  the  area  of  a  e  b ;  call  , 
the  prod  p.  Cube  a  e ;  div  the  cube  by  3 ;  from  the  quot  take  p.  Mult  the  / 
rem  by  12.5664.  I 

RuuB  2.  When  the  dist  o  e  is  known,  trom  tbe  center  of  the  circle  to  I 
the  cen  of  the  spindle,  then  mult  that  dist  o  e,  by  tbe  area  of  a  &  e ;  call  \ 
tbe  prod  p ;  cube  a  « :  div  tbe  cube  by  8 ;  trom  tbe  quot  take  p ;  mult  the 
rem  by  12.5664. 

To  find  its  surface. 

RuLB  1.  Pint  find  tbe  length  of  the  circular  are  abn;  and  ranit  ft  bv 
tbe  dist  o  e  from  tbe  center  of  the  circle  to  the  center  of  tbe  spindle.  Call 
tbe  prod  p.    Next  mnlt  tbe  length  a  n  of  th«  spindle,  by  the  rad  o  b  of  the  circle.    From  the  prod 
takep;  mult  tbe  rem  by  €.2832. 

Bulb  2.  First  find  the  length  of  tbe  are  a  b  n.  Square  a  e;  also  square  b  e;  add  these  squares 
together ;  div  their  snm  hj  bp;  call  the  quot'  • ;  and  mult  it  by  a  n ;  call  the  prod  p.  Next  from  « take 
&  c :  mnlt  the  rem  by  the  length  of  the  arc  abn.    Subtract  the  prod  from  p ;  mult  the  rem  by  6.28S2. 

To  find  tlie  solidity  of  a  middle  zone  of  a  circular  spindle, 

X»h*kp 

/  (a  e»— ^)  X  I? «)  -  (o  «  X  areaof y  ftZ t)  j  X  6.28SJ. 


CIRCVIiAR  RIITGS.' 


Tolnme  =- 


area  of  cross  section  of  bar  „ 


r  ^  \  sum  of  inner  and  outer  ^  «  uikqo 
of  which  ring  is  made     ^      diameters,  a  a  and  6  6     ^  o.x»io»o. 
a      -     ^  circumference  of  bar  w  \  sum  of  inner  and  outer  vv  «  141^09 

Snrfoee  =  ^f  ^^ich  ring  is  made  ^     diameters,  a  a  and  6  6     ^  <*.a4iow. 
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LAND  SURVEYING. 


LAND  SURVEYING. 


Ih  sHnreyiog  s  tract  of 
ground,  the  sides  which  oon» 
pose  its  outline  are  desig* 
natedjbf  numbers  in  the 
order  in  which  they  occur. 
That  end  of  each  aide  whiok 
first  presents  itself  in  the 
ceurse  of  the  survey,  may  b« 
called  its  near  end ;  and  the 
ether  its /ar  end.  Tfaenum* 
ber  of  each  side  is  placed  at  its 
far  end.  Thus,  in  Fig  1,  the 
survey  being  supposed  to 
commence  at  the  corner  6, 
and  to  follow  the  directioa 
of  the  arrows,  the  first  aide 
is  6,  1;  and  ita  number  is 
placed  at  iu  far  end  at  Ij 
and  BO  of  the  rest.  Let  N  8 
be  a  meridian  line,  that  is,  a 
north  and  south  line;  and 
K  W  an  east  and  west  line. 
Then  in  any  side  which  runa 
northwardly,  whether  due 
north,  or  northeast,  as  side  2;  or  northwest.  M  rides  S  and  1,  the  dist  in  a  due  north  direction 
between  its  near  end  and  its  far  end,  is  called  its  northing;  thus,  a  1  is  the  northing  of  side  1 ;  1  » 
the  northing  of  side  2;  4  c  of  side  5.  In  like  manner,  if  any  side  runs  In  a  sonthwardlv  direction, 
whether  due  south,  or  southeastwardly,  as  side  S ;  or  southwestwardly,  as  sides  ♦  and  0,  the  corre- 
sponding dist  in  a  due  south  direction  between  its  near  end  and  its  far  end,  is  called  its  Mouthing ;  thus, 
43  is  the  southing  of  side  S ;  3  «  of  side  4 ;  /  6  of  side  6.  Both  northings  and  southings  are  included  in  the 

Seneral  term  Difference  ofLatUude  of  a  side ;  or  more  commonly,  but  erroneously,  its  latitude.  The  dist 
ue  east,  or  due  west,  between  the  near  and  the  far  end  of  anif  aide,  is  in  like  manner  (»ii«d  the  eaeting, 
or  weating  of  that  side,  as  the  case  may  be ;  thus.  6  a  is  the  westing  of  side  1 :  5/  of  side  6 ;  c  6  of  side 
5 ;  e  4  of  side  4 ;  and  b  2  is  the  easting  of  side  2 ;  2  cf  of  side  3.  Both  eastings  and  westings  are  included 
in  the  general  term  Departure  of  a  side ;  implying  that  the  side  departt  so  far  from  a  north  or  south 
direction.  We  may  employ  the  directions  (or  courses,  or  bearings,  as  they  are  usually  called)  of  sides, 
as  verbs ;  and  say  that  a  side  norths,  wests,  southeasts,  *o.  We  shaU  call  the  northings,  southings 
Ac.  the  Ns,  Ss,Iirs.  and  Ws;  the  latitudes,  lata ;  and  the  departures,  deps.    The  Traverse 

Table  consisu  of  the  Uts,  (or  Ns  and  Ss ;)  and  the  deps,  (or  Ss  and  Ws.)  corresponding  to  diff  anglM 
or  courses,  for  a  side  whose  length  is  1 ;  therefore,  to  obtain  the  actual  lat  and  dep  of  any  given  tide, 
those  Uken  ft-om  the  table  must  be  mult  by  the  length  of  the  side.  Beyond  44°,  the  lata  and  deps 
of  this  table  must  be  read  upward  from  the  bottom  of  the  page.  The  angles  in  the  taUe  are  those 
which  the  course  or  bearing  of  any  side  would  make  with  a  meridian  line  drawn  through  either  end 
of  said  side ;  but  it  is  selfement  that  what  would  be  N  fi-om  one  end,  would  be  S  from  the  other ;  and 
so  of  B  and  W ;  in  other  words,  the  angle  is  the  same  at  both  ends ;  but  the  direetion  is  rerersed. 

Perfect  accuracy  is  unattainable  in  any  operation  involving  the  mieasurements  of  angles  and  dirts. 
That  work  is  accurate  enough,  which  cannot  be  made  more  so  without  an  expenditure  more  than  com- 
mensurate with  the  object  to  be  gained.  The  writer  conceives  that  the  accuracy  essential  to  constitute 
practically  fair  surveying  is  purely  a  matter  of  dollars  and  oents.  la  the  purchase  and  sale  of  tracts 
of  land,  such  as  farms.  Ac,  an  uncertainty  of  about  1  part  in  200  respecting  the  content,  and  consequently 
respecting  the  price,  probably  never  prevents  a  transfer ;  and  on  this  principle  we  assume  that  a  survey 
which  proves  itself  withiQ  that  limit,  may  ordinarily  be  regarded  as  accurate  enough.  There  is  no 
great  difficultv  in  attaining  this  limit,  which,  if  exceeded,  is  the  result  of  bad  work.  Many  circum- 
stances oombine  to  render  trifling  errors  absolutely  unavoidable:*  they  always  become  apparent 
when  we  come  to  work  out  the  field  notes ;  and  since  the  map  or  plot  of  the  survey,  and  the  calcula- 
tions for  ascertaining  the  content,  should  be  consistent  within  themselves,  we  do  what  is  usually  called 
corrsc^fH^  the  errors,  but  what  in  fact  Is  simply  humoring  thrnn  in.  no  matter  how  soientiflc  the  pro- 
cess may  appear.  We  distribute  them  all  around  the  survey.  Two  methods  are  used  for  this  purpose, 
both  based  upon  precisely  the  same  principle;  one  of  them  mechanical,  by  means  of  drawing;  the 
other  more  exact,  but  much  more  troublesome,  hy  calculation.  We  shall  describe  both ;  but  will  state 
now.  that  by  pro^rtioalng  the  scale  of  the  plot  in  the  following  manner,  the  mechanical  method 
becomes,  in  the  hands  of  a  correct  draftsman,  sufficiently  exact  for  all  ordinary  purposes.  Add  all 
the  sides  in  feet  together ;  and  div  the  sum  by  their  number,  for  the  average  length.  Div  this  average 
by  8 ;  the  quot  will  be  the  proper  scale  in  feet  per  Inch.  In  other  words,  take  about  8  ins  to  represent 
an  average  side.t   We  ahul  take  it  for  granted,  that  an  engineer  does  not  consider  it  accurate  work  to 


*  A  100  ft  measuring-chain  may  vary  its  length  5  feet  per  mile,  between  winter  and  summer,  by 
mere  change  of  temperature ;  and  by  t|»ls  aloae  we  sbaH  make  a  differenoe  of  about  ll^  acres  in  a  lot 
1  mile  square,  which  oontains  640  acres.  Bven  this  error  amounts  to  1  acre  in  533.  Not  one  farmer 
in  a  hundred  would  dream  of  paying;  for  a  scrupulously  correct  aorvey  and  plot  of  his  property. 

t  It  will  aeldom  happen  that  precisely  this  quotient  will  be  adopted  for  a  scale.  For  instance,  if  the 
quot  should  be  738  feet,  or  83  feet,  per  inch,  we  should  adopt  the  most  eonvenieat  near  number,  if 
smaller  the  better,  as  700,  or  80 ;  or  rather  more  than  8  inches  to  a  side.  With  a  soale  so  proportioned, 
and  with  good  drawing  instruments,  the  error  in  protracting  (excluding  of  course  errors  of  the  field 
work)  will  rarely  exceed  about  -r^jr  part  of  the  periphery  of  the  plot;  and  the  area  may  be  found 
mechanically  by  dividing  the  plot  into  triangles,  within  ^X^  part  of  the  truth.  This  remark  applies 
particularly  to  such  ploU  as  may  be  protracted,  and  computed  within  a  period  so  short  as  not 
to  allow  the  paper  to  coutraot  or  expand  appreciably  by  atmospheric  changes.  A  larger  scale 
will  insure  proportionally  greater  accuracy.  The  young  assistant  should  praotiae  plotting 
from  perfectly  aoourate  data;   as.  for  iostaooe,  ft-om  the  example  given  in  the  table,  p.  175 or, 
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aiemrare  his  angles  to  tbe  nearest  quarter  of  a  degree,  which  fa  the  nsaal  praotloe  among  laDd-sarrar 

or*.    They  can,  by  meaus  of  the  engineer's  transit,  now  in  universal  use  on  our  publio  works,  be  readily 

measured  within  a  minute  or  two ;  and  being  thus  moch  more  accurate  than  the  compass  coorses, 

(which  cannot  be  read  off  so  closely,  and  which  are  moreorer  subject  to  many  senrees  of  error,)  they 

•erre  to  correct  the  latter  in  the  oflQce.  The  noting  of  the  courses,  however,  should  not  be  confined  to 

the  nearest  qnarters  of  a  degree,  but  should  be  read  as  closely  as  the  observer  can  guess  at  the  minutes. 

The  back  coorses  also  should  be  taken  at  every  corner,  as  an  additional  check,  and  for  tbe  detection 

of  local  attraotion.    It  is 

well  in  taking  tbe  com- 
pass  bearings*  to  ad<^t 

as  a  rale,  always  to  point 

the  north  of  the  compass* 

box   toward    tbe    ot^eet 

whose  bearing   is  to  be 

taken,  and    to    read  off 

from  the  north  end  of  the 

needle.     A    person    who 

•aes  indifferently  tbe  N 

aad  the  S  of  the  box,  and 

of  the  needle,  will  be  very 

liable  to  make  mistakes. 

It  is  best  to  measure  the 

least    angle    (shown    by 

dotted  arcs.  Fig  2,)  at  tbe 

corners;   whether   it  be 

exterior,  as  that  at  corner 

5;  or  interior,  as  all  the 

others;  because  it  is  al- 
ways less  than  180° ;  so  ^  ^        ' 

that  there  is  less  danger  X       /  Fig.  2. 

of  reading  it  off  incor-  6  *»v'/ 

rectly .  than  if  It  exceeded  *' 

180^;  taking  it  for  grant* 

ed  that  the  transit  instrument  is  gradoatedlhvm  the  same  sere  to  180°  eaob  way :  if  it  is  graduated 

from  sero  to  360<>  the  preoaation  is  useless.  When  the  small  angle  is  exterior,  subtract  it  fh>m  360° 
for  the  interior  one. 

Supposing  the  field  work  to  be  finished,  and  that  we  require  a  plot  from  which  the  contents  may 
be  obtained  mechanically,  by  dividing  it  into  triangles,  (the  bases  and  heights  of  which  may  be 
measured  by  scale,  and  their  areas  oaioulated  one  by  one,)  a  protraction  of  it  may  be  made  at  once 
from  the  field  notes,  either  by  using  tbe  anglea,  or  by  first  oorreoting  the  bearingB  by  means  of  the 
angles,  and  then  using  them.  The  last  is  the  best,  because  in  the  first  tbe  protractor  must  be  moved 
to  each  angle  ;  whereas  in  tbe  last  it  will  remain  stationary  while  all  the  bearings  are  being  pricked 
off.  Kvenr  movement  of  it  increases  the  liahklity  to  errors.  The  manner  of  correcting  the  bearings 
is  explained  on  the  next  page. 

In  either  case  tbe  protracted  plot  will  certainly  not  close  precisely ;  not  onl  v  in  consequence  of  errors  In 
the  field  work,  but  also  in  tbe  protractiug  itself.  Thus  the  last  side.  No 6,  Fig  2.  instead  of  closing  in  at 
comer  6,  will  end  somewhere  else,  say,  for  instance,  at  (;  the  dist  1 6  being  tbe  doting  error,  which, 
hovever.  as  represented  in  Fig  2,  is  more  than  ten  times  as  great,  proportionally  to  the  size  of  the 
surrey,  as  would  be  allowable  in  practice.  Now  to  humor-in  this  error,  rule  through  every  corner 
a  short  line  parallel  to  (  6;  and,  ia  all  cases,  in  the  direction  from  ((wherever  it  may  be)  to  the 
starting  point  6.  Add  all  the  sides  together ;  and  measure  (  6  by  4he  scale  of  the  plot,  then  begin* 
ning  at  comer  I,  at  tbe  far  end  of  side  I,  say,  as  the 

Sum  of  ali        •       Total  closing       .  .  atA^  i  •  Error 

the  sides         •  error*  6  ••  ""*  *  •         for  side  1. 

laj  oS  this  error  from  1  to  a.    Then  at  comer  2,  say,  as  the 

Sum  of  all        .       Total  olosing       .  .  Sum  of  ,  Error 

the  sides         •  error  <  6  •  •       sides  1  and  2        •         for  side  2. 

Which  error  lay  off  from  2  to  & ;  and  so  at  each  of  the  corners ;  always  using,  as  tbe  third  term,  the 
som  of  tbe  sides  between  the  starting  point  and  the  g^ven  corner.  Finally,  Join  the  points  a,  h,  e, 
d,  s,  6 ;  and  the  plot  is  finished. 

The  correction  has  evidently  changed  the  length  of  every  side ;  lengthening  some  and  shortening 
ethers.  It  has  also  changed  the  angles.  The  new  lengths  and  angles  may  with  tolerable  accuracy 
be  foand  by  means  of  the  scale  and  protractor ;  and  bo  marked  on  the  plot  instead  of  tbe  old  ones. 

fin  which  he  o*n  leara  what  Is 
9  to  12  Ids  in  diam  and  gradu* 
we  prefer  (^rman  silver,  which 
M  accuracy  by  a  skilful  instru- 
i  used  for  pricking  off  dists  and 
St  be  directly  over  it.  The  lead 
lust  be  kept  to  a  sharp  point  by 
scale  should  be  at  least  as  long 
rip  of  the  same  paper  as  the  plot 
Dg  from  contraction  and  expan* 
;  in  the  same  proportion  length* 
ect  corrective.  In  plots  of  com- 
iglected.  For  such  plots  as  mar 
of  appreciable  change,  the  ordi- 
curacy  cannot  be  obtained  with 
tely  moist  and  dry,  or  subject  to 
per  is  worse  in  this  respect  than 

as  mueh  aoooracy  as  is  usually 
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When  the  plot  baa  many  aides,  this  oalculatiag  the  error  for  each  ol  them  beoomes  tedious;  tnt 
since,  in  a  well-perrormedaurTej  and  protraction,  the  entire  error  will  be  but  a  very  small  quantity, 
(it  should  not  exceed  about  7^^^  part  of  the  periphery,)  it  may  uauallj  be  divided  among  the  sides  by 
merely  placing  about  >^,  ^,  and  H  of  it  at  oomers  about  )4,  yi,  and  H  way  aroand  the  plot ;  and  at 

intermediate  corners  proper* 
tion  it  by  eye.  Or  caloalatioa 
may  be  avoided  entirely  by 
drawing  a  line  a  6  of  a  length 

Sual  to  the  united  lengths 
all  the  sides ;  .diTiding  it 
into  distances  a,  1 ;  1,  2 ;  &o,  equal  to  the  respective  sides.  Make  6  c  equal  to  the  entire  dosing  error ; 
join  a  c ;  and  draw  1 ,  1' ;  2,  2' ,  Ac,  which  will  give  the  error  at  each  corner. 

When  the  plot  is  thus  completed,  it  may  be  divided  by  Bne  pencil  lines  into  triangles,  whose 
bases  and  heights  may  be  measured  by  the  scale,  in  order  to  compute  the  contents.  With  care  in 
both  the  survey  and  the  drawing,  the  error  should  not  exceed  about  -^fr  part  of  the  true  area.  At 
least  two  distinct  sets  of  triangles  should  be  drawn  and  computed,  as  a  guard  against  mistakes ;  and  if 
the  two  sets  differ  in  calculated  contents  more  than  about  -r^  P^ut,  they  have  not  been  as  oarefully 
prepared  as  they  should  have  been.  The  closing  error  due  to  imperfect  field-work,  may  be  accurately 
calculated,  as  we  shall  show,  and  laid  down  on  the  paper  before  beginning  the  plot ;  thus  furnishing 
a  perfect  test  of  the  accuracy  of  the  protraction  work,  whicit,  if  correctly  done,  will  not  close  at  the 
point  of  beginning,  but  at  the  point  which  indicates  the  error.  But  this  ealctUatUm  of  the  error ,'by 
a  little  additional  trouble,  furnishes  data  also  for  dividing  it  by  calculation  among  the  diff  sides ; 
besides  the  means  of  drawing  the  plot  coirect/y  at  once,  without  the  use  of  a  protractor ;  thus  ena- 
bling us  to  make  the  snbsequent  measurements  and  oomj^tations  of  the  triangles  with  more  cer- 
tainty, m 

We  shall  now  describe  this  process,  but  would  reoemmend  that  even  when  it  Is  employed,  and 


especially  in  complicated  surveys,  a  rough  plot  should  flrst  be  made  and  corrected,  bj  the  first  of  the 
two  mechanical  methods  already  alluded  to.  It  wiH  prove  to  be  of  great  service  in  using  the  method 
by  calculation,  inasmuch  as  it  furnishes  an  eye  check  to  vexatious  mistakes  which  are  otherwise  apt 


to  occur :  for,  although  the  principles  involved  are  extremely  simple,  and  easily  remembered  when 
once  understood,  yet  the  continual  changes  in  the  directions  of  the  sides  will,  without  great  care, 
cause  us  to  use  Ns  instead  of  Ss ;  Es  instead  of  Ws,  ftc. 

We  suppose,  then,  that  such  a  rough  plot  has  been  prepared,  and  that  the  angles,  bearings,  and 
distances,  as  taken  from  the  field  book,  are  figured  upon  It  In  leadpeneil. 

Add  together  the  interior  angles  formed  at  all  the  corners  :  call  their  sum  a.  Mult  the  number  or 
sides  by  180° ;  from  the  prod  subtract  300°  :  if  the  remainder  is  equal  to  the  sum  a,  it  is  a  proof  that 
the  angles  have  been  correctly  measured.*  This,  however,  will  rarely  if  ever  occur ;  there  will 
always  be  some  discrepancy ;  but  if  the  field  work  has  been  performed  with  moderate  care,  this  will 
not  ttxceed  about  two  min  for  each  angle.  In  this  ease  div  it  in  equal  parts  among  all  the  angles,- 
adding  or  subtracting,  as  the  ease  may  be,  unless  it  amounts  to  less  than  a  min  to  each  angle,  when 
it  may  be  entirely  disregarded  in  common  farm  surveys.  The  oorreoted  angles  may  then  be  marked 
on  the  plot  in  ink,  and  the  pencilled  igures  erased.  We  will  suppoee  the  oorreoted  ones  to  be  as 
shown  in  Fig  3. 

Next,  by  means  of  these 
oorreoted  angles,  correct  the 
bearings  also,  thus.  Fig  8  ; 
Select  some  side  (the  longer 
the  better)  fl-om  the  two  ends 
of  which  the  bearing  and  the 
reverse  bearing  agreed ;  thus 
showing  that  that  bearing 
was  probably  not  influenced 
by  local  attraction.  Let  «ide 
2  be  the  one  so  selected ;  as- 
sume Its  bearing,  N  75° SZ*  E. 
as  taken  on  the  ground,  to  be 
oorreot;  through  either  end 
of  it,  as  at  its  far  end  2,  draw 
the  short  meridian  line;  par* 
allel  to  which  draw  others 
through  every  corner.  Now, 
having  the  bearing  of  side  2, 
N  75°  !)2'  £,  and  requiring 
that  of  side  S,  it  is  plain  that 
the  reverse  bearing  from  cor- 
ner 2  U  S  750  82'  W ;  and 
that  therefore  the  angle  1,  2, 
m,  is  75032'.  Therefore,  If  we 
Uke  75°  82'  from  the  entire 
corrected  angle  1 , 2. 8,  or  144° 
57',  the  rem  60°  25'  wiU  be 
the  angle  m  23 ;  consequently 
the  bearing  of  side  8  must  be 
B  eo©  25'  K.  For  finding  the  bearing  of  side  4,  we  now  have  the  angle  23  a  of  the  reverse  bearing  of 
Bide  3,  also  equal  to  69°  25' :  and  if  we  add  this  to  the  enUre  corrected  angle  234,  or  to69°  82  ,  we  have 
the  angle  a  34  =  09°  25' 4- 69°  32  =1380  57';  which  Ukeu  from  I8OO,  leaves  the  angle  6  84  =  41°  3  ; 
consequently  the  bearing  of  aide  4  must  be  S  41°  3'  W.  For  the  bearing  of  side  5  we  now  have  |^ 
angle  34  c=41°  3',  which  taken  from  the  corrected  angle  345,  or  120°  48',  leaves  the  angle  c  45  =  79° 
40' ;  oonsequenUy  the  bearing  of  side  5  muet  be  N  79°  40'  W.  At  comer  5,  for  the  bearing  of  side  6, 
we  have  the  angle  45  <i  =  79°  40',  which  Uken  from  133°  10',  leaves  the  angle  d  56  =  63° SO' :  oons^ 
quenUy  the  bearing  of  side  6  muet  be  S  53°  30'  W.    And  so  with  each  of  the  sides,  nothing  bnt 

•  BMaam  in  ererr  straight-lined  figure  the  sum  of  all  its  interior  angles  is  equal  to  twioe  as  maoy 
right  angles  as  the  figure  has  sides,  minus  4  right  angle*,  or  860°.. 
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auefal  oteerrmtion  Is  neceasuy  to  tee  bow  the  aereral  anglea  Are  to  be  eoaployed  at  Muih  oeraar. 
Kales  ore  sometimes  given  for  this  purpose,  but  unless  frequeDtlj  used,  they  are  soon  forgotten. 
The  plot  mecbanioally  prepared  obviates  tbe  necessity  for  sucb  rules,  inasmuch  as  tbe  principle  of 
proceeding  thereby  becomes  merely  a  matter  of  sight,  and  tends  greatly  to  prevent  error  from  using 
tbe  wrong  bearings;  while  the  protractor  will  at  once  detect  any  serious  mistakes  as  to  the  angles, 
and  thus  prevent  their  being  carried  farther  along.  After  having  obtained  all  tbe  corrected  bearings, 
they  may  be  figured  on  the  plot  instead  of  those  taken  in  the  field.  They  will,  however,  require  a 
■tili  farther  correction  afterawhile,  since  they  will  be  affected  by  the  adjustment  of  the  elosingamr. 
We  now  proceed  to  calculate  the  closing  error  (6  of  Fig  1,  which  is  done  on  the  principle  that  in  s 
oorrect  survey  the  northings  will  be  equal  to  the  southings,  and  the  eastings  to  tne  westings.  Pre* 
pare  a  table  of  7  columns,  as  below,  and  in  the  first  3  cols  place  the  numbers  of  the  sides,  and  their  "^r- 
rected  courses;  also  thedists  or  lengths  of  the  sides,  as  measured  on  the  rough  plot,  if  such  a  one 
has  been  prepared ;  but  if  not,  then  as  measured  on  the  ground.    Let  them  be  as  follows : 


Side. 

Bearing. 

Dist.  Ft. 

Latitudes. 

Departures. 

N. 

S. 

E. 

W. 

1 
2 
3 

4 
6 

e 

N  leo  40' W 
N  75°  32'  E 
8  69°  25' E 
8  41°    .3'  W 
N  79°  40'  W 
S  63°  30'  W 

1060 
1202 
1110 
850 
802 
706 

1015.5 
300.3 

143.9 

390.2 
641. 

419.3 

1163.9 
1039.2 

304. 

658.2 

789. 
566.7 

1459.7 
1450.5 

1450.5 

Error  in 
Lat. 

2203.1 

Error  in 
Dep. 

2J17.9 
2203.1 

9.2 

14.8 

Now  find  the  N,  S,  E.  W,  of  the  several  sid 
thoi :  By  means  of  the  Traverse  Table  find  out 
of  them  by  the  length  of  the  side ;  and  place  t 
for  side  1.  which  is  1060  feet  long,  the  latitu 
departure  is  .2888:  and  .96U0  X  1060  =  1015.! 
ool.  Again,  .2868  X  1060  =  S04  dep ;  wbicb, 
thus  with  all.  Add  up  tbe  four  cols;  find  t 
the  E  and  W  ones.  In  this  instance  we  fine 
the  Ws  are  14.8  ft  greater  than  the  Es ;  in  oti 
correct  protraction  of  our  first  three  cols,  to  te 
14.8  feet  too  (kr  west  of  it.   So  that  by  placing  , 


Borresponding  four  eoluront, 
le  of  each  course.  Mult  each 
jg  col  of  N.  8,  E.  W.  Thus, 
for  16°  40'  is  .9580;  and  the 
te  norths,  we  put  in  the  N 
}Ut  in  the  W  ool.  Proceed 
i  S  cols;  and  also  between 
reater  than  the  St ;  and  that 
IT  error  which  would  csuse  a 
:.h  of  the  starting  point ;  and 
.  jefore  beginning  to  protract, 


we  should  hare  a  tent  for  tbe  accuracy  of  the  protracting  work ;  but,  as  before  remarked,  a  little  more 
trouble  will  now  enable  us  to  div  tbe  error  proportionally  among  all  the  Ns,  Ss,  Rn,  and  Ws,  and  thereby 
give  as  data  for  drawing  tbe  plot  correctly  at  once,  without  using  a  protractor  at  all. 

To  divide  tbe  errors,  prepare  a  table  precisely  tbe  same  as  tbe  foregoing,  except  that  the  hor  spaeea 
are  farther  apart ;  and  that  the  addingaup  of  the  old  N,  S,  E,  W  columns  are  omitted.  The  additioBS 
here  noticed  are  made  subsequently. 

The  new  table  is  on  the  next  pagt. 

Remark.  The  bearing:  and  the  reverse  bearins:  from  the  two  ends 
of  a  line  will  not  read  precitioly  tlie  same  angle;  and  the  difference  varies  with  the 
latitude  and  with  the  length  of  the  line,  but  not  in  the  same  proportion  with  either. 
It  is,  however,  generally  too  small  to  be  detected  by  the  needle,  being,  according  to 
Oummere,  only  three  quarters  of  a  minute  in  a  line  one  mile  long  in  lac  4{p.  In 
higher  lats  it  is  more,  and  in  lower  ones  less.  It  is  caused  by  the  fact  that  meridians 
or  north  and  Month  lines  are  not  truly  parallel  to  each  other;  but  would  if  extended 
meet  at  the  poles. 

Hence  the  only  benrlngr  that  ean  be  rnn  In  a  stralgrht  line, 

with  strict  aoouraey,  is  a  true  N  and  S  one ;  except  on  tbe  very  equator,  where  alone  a  due  E  and  W 

one  will  also  be  straight.    But  a  true  eurved  E  and  W  line  may  be  found 

any  vhere  with  sufficient  accuracy  for  the  surveyor's  purposes  thus.  Having  first  by  means  of  tbe  N 
star  p  177,  or  otherwise  got  a  truetlf  end  S  bearing  at  tbe  starting  point,  lay  off  from  it  90<>,  for  a  tt-ue 
K  and  W  bearing  at  that  point.  'Ibis  R  and  W  bearing  will  be  tangent  to  the  true  E  and  Vf  curve. 
Run  this  tangent  oarefuily;  and  at  intervals  (say  at  tbe  eudof  each  mile)  lay  off  from  it  (towards 
the  N  if  in  N  lat,  or  vice  versa)  an  offset  whose  length  in  feet  is  equal  to  the  proper  one'  from  tbe 
ft>llowfng  table,  multiplied  by  the  aqttare  of  the  distance  in  mile*  from  tbe  starting  point,  I'bese 
•ffKts  will  mark  points  in  the  true  K  and  W  curve. 


10° 


15° 


20O 


liatltude  Hr  or  N. 

80O    85°    40°    46° 


650 


JB6 


OttketM  In  ft  one  mile  from  startinsr  point. 

.118        .179        .243        .311        .385        .467         ,559        .667         .795         .952         1.15    >    1.43 

^-,  anjr  olIiMt  In  ft  =»  .6666  X  Total  Dist  in  miles*  X  Nat  Tang  of  Lat. 
A  rhnmb  line  is  any  one  that  crosses  a  meridian  obliquely,  that  is,  i» 

Deitber  doe  N  and  S,  nor  E  and  W.  ^   .     , ,   .  ^,  „  ,. , , .. 

Digitized  by  VjW^V  Iv. 


172 


LAND  SURVEYING. 


Side. 

Bearing. 

Dist  Ft 

Latitndes. 

Departures. 

N. 

S. 

E. 

W. 

1 

Nia°40'W 
N  75°  Sy  B 
S  690  25'E 
S  41°    8'  W 

N790  40'W 
S68O80'W 

1060 
1202 
1110 
860 

802 

705 

1015.6 
1.7 

390.2 
1.8 

1163.9 
3.1 

304.0 
2.7 

2 

1013.8... 

300.3 
1.9 

...   301.8 

3 

298.4 

143.9 
1.3 

.« 1167.0 

1039.2 
2.9 

4 

392    ... 

641.0 
1.3 

...1042.1 

558.2 
2.2 

6 

642UJ.. 

419.3 
1.1 

...    566.0 

789.0 
2.1 

« 

142.6... 

...   786.9 

666.7 
1.8 

420.4... 

564.9 

5729 
Sum  of 
Sides. 

1454.8 
Cor'd  Ns. 

1454.7 
Cor'd  Ss. 

2209.1 
Cor'd  E«. 

2209  JL 
Cor'd  W«. 

they  ma 
▲■the 


)  have  already  foond  by  the  old  Uble  that  the  Nt  and  the  We  are  too  long;  conseqaenUj 
t  be  shortened ;  while  the  Ss,  and  Es,  must  be  lengthened ;  all  in  the  following  proportUna  : 


Err  of  lat,  or  dep, 
of  given  side. 


Now 
flgored 


How 
oviin 


Sam  of  all    •    Any  given    .  .    Total  err  of 
the  sides     *         side         *  ■      lat  or  dep 
oommeneing  with  the  lat  of  side  1,  we  have,  as 

Sam  of  all  the  sides.    .    Side  1.    .  .    Total  lat  err.    .    Lat  err  of  side  1. 
5729  •       1060       •  •  9.2  •  1.7 

s  the  lat  of  side  1  is  north,  it  mast  be  shortened ;  hence  it  beoomes = 1015.6 — 1.7~101S.8»  M 
oat  in  the  new  table.    Again  we  hare  for  the  departure  of  side  1, 

Sum  of  all  the  sides.    .    Side  1.    ..    Total  dep  err.    .    Dep  err  of  side  1. 
6729  •       lOeO       •  •  14.8  •  2.7 

thedep  of  side  1  is  west^it  most  be  shorteaed;  henoe  it  becomes  304—2.7=801.8,  m  igand 

Prooeeding  thus  with  eaeh 
side,  we  obtain  all  tbe  corrected 
lats  and  deps  as  shown  in  the 
new  table :  where  they  are  coa> 
neoted  with  their  reepeetiT* 
sides  by  dotted  lines;  bat  ia 
practice  it  is  better  to  cross  ooi 
tbe  original  ones  when  the  eal- 
eolation  is  finished  and  proved. 
If  we  now  add  npthe  4  eols  of 
eorreeted  N,  S.  K,  W.we  find  that 
theNs=theSs;  and  the  Es= 
tbe  Ws;  tbos  proTiag  that  the 
work  is  right.  There  Is,  It  Is 
troe,  a  discrepancy  of  .1  of  a  ft 
between  the  Ks.  and  the  Ss ;  bat 
this  is  owing  to  oar  earryiag 
oat  the  corrections  to  only  one 
decimal  place :  and  is  too  small 
to  be  regarded.  Discrepancies 
of  S  or  4  tenths  of  a  foot  wtH 
sometimes  oocor  ftom  this 
eanse;  bnt  may  be  neglected. 
The  corrected   "  •   .^- 


Fig.  4. 

t  withoat  knowing  either  of  these,  we  c 


mast    evidently    ohaafa    um 
bearing  aad  distance  ef  e^MvV 
plot  the  survey  by  meaas  of  the  oorrdotad 
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Pint  Craw  m  meridian  Um 
•  comtr  of  the  surrey, 
the  corrected  northing  296.4 
It  T,  S'.  the  corrected  south* 
r  side  4;  fW>m  4'  northward 
5',  6'=  southing  of  side  6.t 
d.  or  at  right  angles  to  the 
[  Join  1,  2.  Ifalie  3',  S=dep 
4;  and  Join  8,  4:  make  5',  6 
and  Join  i,6t  Finally  Join 
lie  contents  may  be  found  by 
ad  the  lengths  of  the  sides, 
;  and  perhaps  quite  as  dose 
re  taken  only  to  the  nearest 

quarter  of  a  degree.  We  have  already  said  that  with  a  scale  of  feet  per  lneh=:*^*"**  '"^*''  "^  ******' 

the  error  of  area  need  not  exceed  the  707^^  P"^* 

But  if  it  is  required  to  calculate  tlie  area  of  the  corrected  sarvey  vith  rlgoreu  eaactness,  it  may 
be  done   on   the   following 
principle,  (see  Fig  5.)    If  a    ai 
meridian  line  NS  be  sup-     V9 
posed  to  be  drawn  through 
the  extreme  west  comer  1  of 
a  survey;  and  lines  (called 
middle  dietaneet)  drawn  (as 


of  these  sums  from  the  great- 
est, the  rem  will  be  the  area 


rifir.5. 


•  The  extreme  east  corner  would  answer  as  well,  with  a  slight  change  in  the  subsequent  oper- 
ations,  aS  will  become  evident. 

t  Instead  of  pricking  off  fhese  northings  and  southings  in  succession,  firom  each  other,  it  win  f>e 
more  correct  in  practice  to  prepare  first  a  table  showing  how  far  each  of  the  points  2',8',  tec,  is  north 
or  south.from  1.  This  being  done,  the  points  can  be  pricked  off  north  or  south  from  1,  without  mov- 
ing  the  eeale  eaeh  ttme;  and  of  course  withgreater  accuracy.  Such  a  table  is  readily  formed.  Bnle 
it  as  below ;  and  in  the  first  three  columns  place  the  numbers  of  the  sides  (starting  with  side  S  ftrom 
poiut  1 :)  and  their  respective  corrected  northings  and  southings.  The  formation  of  the  4tb  and  5th 
cols  by  DMaas  of  the  Sd  and  4th  ones,  explains  itself.  Its  accuracy  is  proved  by  the  final  result 
being  0. 


DistK  or  Sft-om  Point  1.1 

Side. 

N.  lat. 

8.  lat. 

N. 

8. 

298.4 

298.4 

392. 

93.6 

642.3 

735.9 

142.6 

693.3 

420.4 

1013.7 

1013.8 

ooo.o 

000.0 

I A  similar  table  should  be  prepared  beforehand  for  the  disu  of  the  points  2,  3,  4,  fto,  east  f^m  the 
meridian  line.  It  is  done  in  the  same  manner,  but  requires  one  col  less,  as  all  the  diets  are  on  the 
same  side  of  the  mer  line.    Thus,  starting  from  point  1,  with  side  2 : 


8lde. 

E.  dep. 

W.  dep. 

Dist  east  ttoTa 
meridian  line. 

1167.0 
1042.1 

566.0 
786.9 
564.9 
801.8 

1167.0 
2209.1 
1658.1 
866.2 
301.8 
000.O 

This  work  like  vise  proves 


itself  by  the  final  result  being  0. 

12 
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•r  tbe  larrej.*  The«orreeted  northings  and  southlDgs  we  hare  already  found ;  as  also  the  eastings 
and  westings.  Tbe  middle  dists  are  found  bj  means  of  tbe  latter,  by  employing  their  hatue* ;  adding 
half  eastings,  and  subtracting  half  westings.  Thus  It  is  erident  that  tbe  middle  dist  'i'  of  side  3,  is 
equal  to  half  the  easting  of  side  2.  To  this  add  tbe  other  half  easting  of  side  2,  and  a  half  easting 
of  side  S;  and  tbe  sum  is  plainly  equal  to  tbe  middle  dist  8'  of  side  3.  To  this  add  the  other  half 
easting  of  side  3,  and  subtract  a>balf  westing  of  side  4,  for  tbe  middle  dist  4'  of  side  4.  From  tbia 
subtract  tbe  other  half  westing  of  side  4,  and  a  half  westing  of  side  5,  for  the  middle  dist  6'  of  lid* 
5;  and  so  on.    The  actual  calculation  may  be  made  thus : 


Half  easting  of  side  3  = 


1167 


S83.5  E  =  mid  dUt  of  side  2. 
583.5  E 


HalfCMtingof  sideft=  • 


Half  westing  of  side  4  = 


1167.0  R 
:    521.0  S 


1688.0  E : 
621.0  S 


2209.0  B 
:    278.0  W 


1931.0  E  = 
278.0  W 


:  mid  dist  of  sides. 


mid  dist  of  Bide  4. 


786.9        1653.0  B 
Hair  wesUng  of  aide  S  =  =    393.5  W 


1259.5  E  =  mid  dist  of  vide  5. 
383.5  W 


Half  westing  of  side  «: 


564.9       866.0  B 

=    282.4  W 

3 


583.6  E  =  mid  dist  ef  ride  8. 
282.4  W 


Half  westing  of  side  1  = 


1.3       301.2  B 
—  =    150.6  W 


150.6  B  =  mid  dist  of  ride  1. 


The  work  always  prores  itself  by  the  last  two  results  being  equal. 

Next  make  a  table  like  the  following,  in  the  first  4  cols  of  which  place  the  nnmberaof  tbe  ridea, 
the  middle  diets,  the  northings,  and  southings.  Mult  each  middle  dist  by  its  corresponding  northing 
or  southing,  and  place  the  producu  in  their  proper  col.    Add  up  each  col ;  sobtraot  tlw  least  from  the 


Side. 

Middle  d»t. 

Northing. 

Southing. 

North  prod. 

South  prod. 

1 
2 
3 
4 
& 
6 

150.6 
683.5 

1688 

1931 

1259^ 
583.6 

1013.8 
298.4 

142.6 

392 
642.3 

420.4 

152678 
174116 

179605 

661696 
1240281 

245345 

506399 

2147322 
606399 

436 

^0)1640923(37. 

67  Acres. 

Fig.  6. 
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irtalMt.    Tbe  rem  will  be  the  area  of  fhe  ranwy  In  aqft;  wbioh,  dlT  bj  4S5iS,  (the  noBiber  ef  ef  fl 
In  an  aere,)  will  be  th^  area  to  aorec ;  la  this  lostaoee,  S7.67  ac. 

It  now  remains  oolj  to  oalcalate  the  corrected  beariugs  and  lengths  of  the  sides  of  the  sarrej,  all 
of  which  are  neoessarilj  changed  bj  the  adoption  of  the  corrected  lau  and  deps.  To  find  the  bearing 
or  anj  side,  dlv  lu  departure  (B  er  W)  by  its  lai  (N  or  8)  {  la  the  table  of  nat  tang,  find  the  quot ; 

the  angle  opposite  It  Is  the  reqd  angle  of  bearing.    Thos,  for  the  oenrse  of  side  1,  we  have  -—-^  —- 

=  .2972=- nat  tang ;  opposite  which  in  the  table  Is  the  reqd  angle,  18^  SS' ;  the  bearing,  thereforB,  Is 

Again :  for  the  dist  or  length  of  any  side,  fttnn  the  table  of  nat  cosines  take  the  oes  opposite  to 

the  angle  of  the  corrected  bearing ;  divide  the  corrected  lai  (N  or  8)  of  the  side  by  the  cos.    Thus, 

for  the  dist  of  side  1,  we  find  opposite  10°  SS',  the  eos  .9688.    And 

Lat-       Cos. 

1013.8  -i-  .9586  =  1067.6  the  reqd  disk 

The  following  table  eontains  all  the  oorrectloae  of  the  foregoing  surrey ;  consequently,  if  the  bear- 


Side. 

Bearing. 

DiBtFt 

1 
2 
3 

4 
6 
6 

N  16°  33'  W 
N  75°  39'  B 
8  ayo  23'  E 
840°  53'  W 
N  79°  44'  W 
8  53°  21' W 

1057.6 
1204.0 
1113.3 
849.6 

-        &00.1 
f   704.3 

d 


-n 


ings  and  dists  are  correctly  plotted,  they  will  close  perfectly.  The  yonng  assistant  Is  advised  to 
practise  doing  this,  as  welt  as  dividing  the  plot  into  trianglea,  and  computing  the  content.  In  this 
manner  he  will  soon  learn  what  degree  of  care  is  necessary  to  Insure  aooarate  resnlu. 

The  following  ktafs  may  orten  be  of  serriee. 
1st.  Avoid  taking  bearings  and 
dists  along  a  ctreoitoos  bound- 
ary line  like  a  6  c,  Fig  7 ;  but  ran 
the  straight  line  a  c;  and  at 
right  angles  to  it,  measure  off. 
sets  to  the  crooked  line.  Hd. 
Vlshing  to  survey  a  straight 
line  from  a  to  c,  but  being  una- 
ble to  direct  the  Instrument 
precisely  toward  c,  on  account 
of  interveuini;  woods,  or  other 
obstacles ;  first  run  a  trial  line, 
as  a  m,  as  nearly  in  the  proper 
direction  as  can  be  guessed  at. 
Measure  m  e,  and  say,  asamistome,so  Is  100  ft  toT  Lay  off  •  o  equal  to  100  ft,  and  o  •  equal 
to  T ;  and  run  the  final  line  ate.  Or.  if  m  cis  quite  small,  calculate  ouiteu  like  o  «  for  every  100  ft 
alMig  a  m,  and  thus  avoid  the  necessity  for  mnning  a  second  line.  td.  When  e  is  visible  from  a,  but 
the  intervening  ground  diflicult  to  measure  along,  oil  account  of  marshes,  tc  extend  the  side  y  • 
to  good  ground  at  t:  then,  making  the  angle  y  td  equal  to  y  a  e,  run  the  line  t  n  to  that  point  d  at 
which  the  angle  n  <i  e  Is  found  by  trial  to  be  equal  to  the  angle  aid.  It  will  rarely  be  necessary  to 
make  more  than  one  trial  for  this  point  d;  for,  suppose  It  to  be  made  at «,  see  where  it  strikes  a  e  at 
i;  measure  i  e,  and  continue  from  x,  making  xd=tc.  4th.  In  case  of  a  very  irregular  piece  of 
land,  or  a  lake.  Fig  8.  surround  it  by  straight  Hues.  Survey  these,  and  at  right  angles  to  them, 
■easare  oflsets  to  the  crooked  boundary.  6th.  Surveying  a  straight  Hue  from  w  toward  y,  Fig  9 


en  •fe^aele.  o.  Is  met.  To  pass  it,  lay  off  a  right  angle  wtu;  measure  any  (  u ;  make  <  w  *  = 
10°:  measure  u  v;  make  u  v  i  =90°;  make  v  i  =  t  u;  make  «<y  =  90°.  Then  Is  <  <  =  «  v;  and 
ly  ia  in  the  straight  line.  Or,  with  leu  trouble,  at  g  make  (  g  a=OBP;  measure  any  g  a;  make 
g  a  «=60° ;  and  a  s  =  |^  a:  make  as  <  =  60°.  Then  is  ^  «  =  9  a  or  a  •;  and  i  »,  continued  toward 
y,  is  in  the  straight  line.  6th.  Being  between  two  objects,  m  and  n,  and  wishing  to  place  myself  in 
range  with  them,  I  lay  a  straight  rod  c  &  on  the  ground,  and  point  It  to  one  of  the  objects  m ;  then 
going  to  the  end  e,  I  find  that  It  does  not  point  to  the  other  object.  By  successive  trials,  I  find  the 
poeitlom  e  d,  in  which  it  points  to  hoth  objects,  and  consequently  is  in  range  with  them.    If  no  rod 
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is  at  hand,  two  stones  will  anawsr,  or  two  obaln-pins.    A  plnmb-Une  (a  pebble  tied  to  a  piece  of 
thread)  will  add  to  the  aocuracj  of  ranging  the  rod,  or  stones,  Ac. 


THE  FOIil^OWINO  TABIiE 


sItcs  dednotloBft  or  additions  to  be  made  erery 

ground,  ia  order  lo  reduce  the  sloping  meaoureoients  to  be 


rig.  lOK. 


100  ft  as  actnally  ohained  along  sloping 

,     _  lorjionlal  ones.     Even  when  it  is  so  nearly 

fevel  that  the  eye  cannot  detect  the  slope,  an  over-measurement  of  an  inch  or  two  in  100  ft  may 
readily  occur.  It  is  plain,  that,  if  we  measure  all  the  nndulations  of  the  gronnd.  we  shall  get 
greater  totals  than  if  we  measure  hor,  as  is  aupposed  always  to  be  done ;  but  since  few  surveyors 
pretend  to  measure  hor  until  the  slope  becomes  apparent  to  the  eye,  their  lines  are  usually  too  long 
by  from  one  to  two  ins  in  100  feet.  To  counteract  this  to  tome  extent,  chains  are  frequently  made 
from  one  to  two  ins  longer  than  100  feet;  and  for  ordinary  purposes  the  precaution  is  a  good  oue. 
When  greater  accuracy  is  required  the  chainmen  should  be  attended  by  a  third  person,  with  a  rod 
and  slope-level,  for  taking  the  inclinations  of  the  ground.  These  deductions  being  nuule,  the  remain- 
der will  be  the  actual  hor  dist. 

For  example*  in  Fig  10M>  ^»e^  100  ft  a  o  measured  np  or  down  the 
slotie  u  e  plaiuly  corresponds  to  the  shorter  horizontal  distance  a  e;  the 
difference  or  deduoiion  being  c  n.  Taking  a  o  as  Bad,  then  a  e  is  the 
oosine,  and  e  n  the  versed  sine  of  the  angle  e  a  n  of  the  slope.  There- 
fore a  o  multiplied  by  the  nat.  cosine  of  the  angle  ean  Kives  the  reduced 
hor  dist  a  c ;  which  taken  from  a  o  trives  the  deduetlOH  e  n  of  our  table. 
But  If  while  ehalalms  alons  tke  slvpe  a  e  we  wish  to  drive 
staked  that  shsll  correspond  with  hor  diftto  »  n  of  100  ft,  it  is  evident 
that  we  must  add  c  n  to  each  100  ft  a  o,  ns  shown  st  x  e  ;  and  the  stake 
must  be  driven  at  e.  fn«tead  of  at  o.  Okserve  that  x  e  =:  e  H  miMt 
be  measHred  horhsoBtally. 
When  the  gronnd  is  verv  sloping.^all  this  calculation  may  be  avoided  where  great  aocuraov  is  not 
required,  by  actually  holding  the  chain  horizontal,  a<i  nearly  as  can  be  judged  by  eyt*.  and  finding, 
by  means  of  a  plumb-line,  where  its  raised  end  would  strike  the  ground.  A  whole  chain  at  a  time 
cannot  be  measured  in  this  way ;  but  shorter  distances  must  be  taken  as  the  ground  requires ;  at 
times,  on  very  steep  gronnd,  not  more  than  5  or  10  feet.    See  note,  p  IIS. 

Table  of  Dednctlonfi  or  Additions  to  be  made  per  100  feet, 
in  ehainin§^  over  sloping^  ipronnd. 

t>  OBDBB  TO  BBDUOB  THB  INCLINID  HCASUBSMKIfTB  ^  HORUOMTAb  UVVS 

See  pp  854,  723,  724,  and  725  for  other  tables. 


Slope 

in 
Deg. 

Deduct 
Feet, 

Ri<.e  in 
100  ft 
hor. 

Slope 
in 
Deg. 

Deduct 
Feet. 

Bise  in 
100  ft 
hor. 

Slope 

in 
Deg. 

Deduct 
Feet. 

Bise  in 
100  ft 
hor. 

14 

.001 

.4.% 

H' 

.420 

9.189 

yi 

1.596 

18  08 

j^ 

8.521 

r.a6 

^ 

.004 

.873 

H 

.460 

9.629 

y^ 

1.675 

18.53 

^ 

8.637 

27,78 

■^ 

.00» 

1.30» 

H 

.508 

10.07 

K 

1.755 

18.99 

^ 

8.754 

38.20 

1 

.015 

1.746 

6 

.548 

10.51 

11 

1.887 

19.44 

16 

8.874 

28.67 

.024 

2.182 

H 

.594 

10.95 

1/ 

1.921 

19.89 

g 

3.995 

29.15 

1^ 

.034 

2.619 

H 

.648 

ir.39 

y^ 

2.008 

20.35 

4.118 

29.62 

^ 

.047 

8.055 

H 

.693 

11.84 

^ 

2.095 

20.80 

^ 

4.243 

80.10 

8 

.061 

8.492 

7 

.746 

12.28 

12 

2.185 

21.26 

17 

4.870 

80.57 

.077 

3.929 

.800 

12.72 

Xi 

2.271 

21.71 

1^ 

4.498 

81.06 

1^ 

.095 

4.366 

.856 

13.17 

1^ 

2.370 

22.17 

y^ 

4.628 

81.58 

a/ 

.115 

4.803 

^ 

.913 

13.61 

s^ 

2.466 

22.63 

^ 

4.760 

82.01 

8 

.137 

5.241 

8 

.978 

14.05 

18 

2.563 

23.09 

18 

4.894 

32.49 

.161 

5.678 

1.035 

14.50 

2.662 

23  55 

^ 

5.080 

82.98 

iz 

.187 

6.116 

Ji 

1.098 

14.95 

H 

2.763 

24.01 

5.168 

33.46 

H 

.214 

6.554 

^ 

1.164 

15.39 

^ 

2.866 

24.47 

^ 

5.307 

83  95 

4 

.244 

6.993 

9 

1.231 

15.84 

14 

2.970 

24.93 

19 

5.448 

34.43 

H 

.275 

7.431 

H 

1.300 

16.29 

8.077 

26.40 

5.591 

34.92 

H 

.308 

7.870 

H 

1.371 

16.73 

^ 

3.185 

25.86 

^ 

5.786 

85.41 

H 

..H43 

8.309 

H 

1.444 

17.18 

^ 

8.295 

26.s:i 

K 

5.882 

85.90 

5 

.381 

8.749 

10 

1.519 

1763 

15 

8  407 

26.79 

20 

6.031 

86.40 

Chain  and  Pins. 

Engineers  have  abandoned  the  Qonter's  chain  of  66  ft,  div  into  100  finks  of  7.92  ins  in  length ;  and 
use  oue  of  100  ft,  with  links  1  ft  long:  and  calculate  areas  in  sq  ft ;  which,  div  by  48560,  reduces  them 
to  acres  and  decimal  parts,  instead  of  roods  and  perches.  Both  the  chain  and  the  chain  pins.  Fig.  11, 
should  be  of  good  strong  steel ;  and  there  should  be  a  stout  leather  bag  for  carrying  them.  To  bear  ham- 
mering into  hard  ground,  the  pins  may  be  of  this  shape 
and  size,  11  or  12  ins  long.  %  inch  thick,  %  wide,  head 
2%  wide,  with  a  circular  hole  of  1 H  diam.  Each  pin 
should  have  a  strip  of  bright  red  flannel  tied  to  its  top, 
that  it  may  be  readily  found  among  grass,  ftc.  by  the 
hind  chainm&n.  The  length  of  the  chain  should  be 
tested  every  ftew  days ;  and  the  target-rod  may  be  used 
for  this  purpose.  While  locating,  it  is  well  to  have  the  chain  one  or  two  ins  longer  than  100  feet. 
Steel  wire,  No  11  or  12,  is  a  good  size  for  a  100  ft  chain.    This  is  scant  one-eighth  inch  diam. 
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YtT. 

Sine. 

Tear. 

Sine. 

Tear. 

Sloe. 

Tear. 

SlM. 

Tew. 

Sine. 

Tear. 

Slae. 

1880 
1881 
1882 

.0232 
.0231 
.0230 

1883 
1884 
1885 

.0229 
.0229 

.0228 

1886 
1887 
1888 

.0227 
.0226 
.0225 

1889 
1890 
1891 

.0224 
.0223 
.0222 

1892 
1893 
1894 

.0221 
.0220 
.0219 

1895 
1896 
1897 

.0218 
.0217 
.0216 

0° 

2 

4 

5 

.6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 


1.000 

tool 

1.002 
1.004 
1.006 
1.006 
1.010 
1.013 
1.016 
1.019 
1.022 
1.026 
1.031 
1.035 
1.040 

ijfm 

1.052 
1.058 
1.064 
1.071 
1.075 
1.079 
1.082 
1.086 
1.090 


1.095 
1.099 
1.103 
1.108 
1.113 
1.117 
1.122 
1.127 
1.133 
1.138 
1.143 
1.149 
1.155 
1.158 
1.161 
1.164 
1.167 
1.170 
1.173 
1.176 
1.179 
1.182 
1.186 
1.189 
1.192 


1.196 
1.199 
1.203 
1.206 
1.210 
1.213 
1.217 
1.221 
1.225 
1.228 
1.232 
1.236 
1.240 
1.244 
1.248 
1.252 
1.256 
1.261 
1.265 
1.269 
1.273 
1.278 
1.282 
1.287 
1.291 


1.296 
1.301 
1.805 
1.310 
1.315 
1.320 
l..%25 
1.330 
1.835 
1.340 
1.346 
1.351 
1.356 
1.862 
1367 
1.878 
1.379 
1.884 
1.390 
1.896 
1.402 
1.408 
1.414 
1.420 
1.427 


1.433 
1.440 
1.446 
1.458 
1.460 
1.466 
1.473 
1.480 
1.487 
1.495 
1.602 
1J$09 
1.617 
1.624 
1.532 
1.540 
1.548 
1.656 
1.664 
1.572 
1.681 
1.589 
1.598 
1.606 
1.615 


1.624 
1.633 
1.648 
1.662 
1.662 
1.671 
1.681 
1.691 
1.701 
1.712 
1.722 
1.738 
1.748 
1.754 
1.766 
1.777 
1.788 
1.800 
1.812 
1.824 
1.886 
1.849 
1.861 
1.874 
1.887 


To  And  a  Herldian  Ijine  (a  trne  liTorth  and  South  line)  bjr 
means  of  the  North  Star.    (Polaris.) 

The  north  star  appears  to  desoribe  a  ■malt  elrele,  n  n',  ke,  Fig  14,  aroand  tbe  true  north  point,  or 
north  pole,  as  a  eenter.  The  rail  of  thin  circle  I*  estimated  by  tbe  angle  between  the  atar  and  tbe 
pole,  as  measored  from  tbe  eartb  ;  and  is  called  the  pebtr  dlst  of  the  star.  This  polar  dist  be> 
comes  19-Ar  seconds,  or  verj  nearly  >^  of  a  minate  less  every  year.  On  Jan  1,  1885,  tt  is,  approx- 
imately, l^  if  58".  On  tbe  flrst  of  1800,  it  will  be  about  1°  1«'  41'',  Ac.  When,  in  iu  r«Tolution.  the 
star  is  farthest  east  or  west  trom  the  pole,  as  at  m'  or  n",  it  is  said  to  be  at  its  sreatost  C  or  W 


_^ Then  its  apparent  motion  for  several  Bin  is  nearly  vert,  and  ooiuequenUy  aHoras 

the  best  opportanitv  for  an  obitervation  in  the  simple  manner  here  described.    The  arrows  in  Fig  14 
show  the  direction  in  which  the  stars  appear  to  move  from  east  to  west  when  the  spectator  faces  the 

Tbe  latitude  of  the  plsoe  mast  be  known  approximately.  Taking  it  at  the  closest  one  in  our  fore* 
going  table,  the  error  in  tbe  position  of  the  meridian  will  not  exceed  half  a  min  of  azimuth  in  lat  57^, 
or  ooe  quarter  min  in  lat  iQP ;  and  still  less  in  lower  lau. 

About  8  ft  above  ground  fix  firmly,  perfectly  level,  and  as  nearly  east  and  west  as  may  be,  a 
•Booth  narrow  pleoe  of  board,  aboot  S  ft  long,  to  serve  as  a  kind  of 
«aMe.  Also  prepare  another  piece  a  a,  about  a  foot  long ;  and  fasten 
to  it,  at  right  angles,  a  eompass- sight,  or  aatrip  of  tbin  metal,  with 
a  itraight  slH,  ^shown  by  a  blaek  line  in  the  fig.)  about  6  ins  long 
and  JC  iueh  wide.  This  pleoe  of  board  Is  to  be  slid  along  the 
table,  as  tbe  observer  follows  the  motions  of  the  star  toward  the 
east  or  west :  looking  at  It  throagb  the  vert  slit.  Plant  a  stout 
pole,  about  20  ft  long,  firmly  in  the  ground,  with  its  top  as  nearly 
north  as  possible  from  the  middle  of  the  table.  Its  top  should 
lean  3 or  S  ft  toward  either  the  east  or  the  west;  and  a  plumb- 
line  must  be  suspended  ft-om  iU  top,  with  a  bob  weighing  one  or  two  lbs.  which  mav  swlngln  a 
boeket  of  water  pisoed  on  the  ground.  This  is  to  prevent  the  line  from  »»e«n8»  «Mnyinoved  by 
■Ught  currents  of  air ;  and  for  ftirther  steadiness,  the  pole  itself  should  be  well  braced  trom  within,  a 
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hw  feet  below  Iti  top.  Tke  proper  diet  o  o,  of  tbe  pole  p  o.  from  the  table  (  a,  maj  be  round 
Ihas :  Make  an  aogle  nm»,  equal  approzimatel j  to  the  lat  of  the  place.  Open  a  pair  of  dlvidefa 
to  equal,  by  any  convenient  acale,  the  height  t  a  oT  the  uble ;  and  draw  t  a.  Then  take,  by  the 
same  aoale,  the  height,  p  o,  of  the  pole  above  ground ;  and  place 
it  upon  the  ■ketch,  so  that  the  top  p  shall  be  by  scale  a  ft  or 
two  above  m  n.  Then  a  o,  by  the  same  scale,  will  be  about  th» 
dist  reqd ;  probably  fh>m  3  to  5  yards.  A  deviation  of  a  ft  or  so 
from  this  will  not  be  important. 

The  correct  clock  time  at  any  place,  for  the  elongation,  may  be 
found  within  a  few  min  from  the  following  table. 

Instead  of  a  pole  and  plumb-line,  the  writer  would  suggest  a 
planed,  straight-edged  board  planted  vert  and  braoed;  lu  »id* 
toward  the  observer. 

The  observer  should  be  at  his  station  at  least  ^  of  an  hour  !■ 
advance  of  the  Ume.  Placing  the  board  a  a,  upon  the  table  and 
in  range  with  the  plnmb-llne  and  star,  he  will  watch  both  of  them 
through  the  vert  slit ;  sliding  the  board  along  the  table,  so  as  to 
keep  the  slit  in  the  range  as  long  as  the  star  continues  to  move 
toward  the  east  or  west,  as  the  case  may  be.  An  assistant  most 
hold  a  candle,  or  lantern,  on  a  pole  near  the  plumb-line,  to  enable 
the  observer  to  see  the  latter.  As  the  star  approaches  iu  elonga- 
tion, it  will  appear  to  move  nearly  vert  for  several  min,  so  that- it  can  be  seen  without  moving  the 
lilt.  When  certain  by  this  that  the  star  has  reached  iU  elongation,  confine  ttie  sliding  beard  to  the 
table  by  sticking  a  fbw  tacks  around  iU  edges.  Then  let  a  third  person,  with  another  candle,  go  off 
some  dist,  (a  hundred  yards  or  more  if  eonvenient.)  in  a  direction  toward  the  star;  and  then  drive 
a  stake  as  directed  by  the  observer,  who  will  take  oare  that  it  is  exactly  in  range  with  the  slit  and 

Blumb-line.  Another  stake  must  then  be  driven  exactly  under  either  the  slit  or  the  plumb-lihe. 
[aving  thus  plaoed  the  two  stakes  in  the  rattle  of  the  elongation,  defer  the  remainder  of  the  operation 
antil  morning.  From  the  \ables  given  above  take  out  the  sine  of  the  polar  dist,  and  also  the  secant 
of  the  hit.  Molt  these  together.  The  prod  will  be  the  nat  sine  of  aa  aogle  called  the  •nlaiHth 
of  the  star.  Find  the  sine  in  table,  p  60,  &o.  and  the  angle  which  oorresponds  to  it.  This  atimuth 
angle  will  be  between  1°  20*  and  2P  30',  acoording  to  lat.  Place  an  instrument  over  the  8  stake,  sight 
to  the  N  one,  and  lay  off  this  angle  to  the  E  if  the  elong  was  W,  or  vice  versa,  and  drive  a  stake  to 
mark  it.  This  last  direction  is  true  N  and  8.  It  might  be  supposed  that  after  driving  the  first  two 
Stakes,  a  true  meridian  could  be  had  by  merely  laying  off  the  polar  dist,  by  means  of  a  compass  or 
transit :  but  this  is  not  so.  Place  the  compass  over  the  south  stake,  and  take  sight  to  the  north  one. 
if,  then,  the  north  end  of  the  needle  pointa  east  of  the  line,  the  variation  of  the  oompaas  is  east,  and 
vice  versa. 

Times  bjr  m  correet  elock  of  Elont^Atioiis  of  the  H,  St«r. 

Deduced  fh>m  U.  S.  Coast  Survey  table,  calculated  for  April  1, 1888,  to  April  1, 1884,  and  for  lat 
S8P  N ;  but  will  answer  within  aboot  6  minutes  for  any  lat  np  to  60<>  N,  and  until  1880. 


Times  of  Eastern  Elongrations. 

Day  of 
Month. 

Apr. 

Max* 

June. 

J«lj. 

All.. 

SeiK 

1 
7 

IS 
19 
25 

H.  M. 
6    41AM 
6    18   " 
6    64   "• 
6    30   " 
6     7" 

H.M. 

4    43A.M 

4    20    " 
8    66    " 
8    82    " 
8      9" 

H.M. 
2    41  AM 
2    18    " 
1    64    " 
vl    80    " 
17" 

H.  M. 

12    43  A  M 
12    20     " 
11    52  PM 
11     29     " 
11     5    " 

H.  M. 
10    87  PM 
10    14    " 
9    60    " 
9    27     " 
9      8" 

H.  M. 
8    .36PM 
8    12     •• 
7    48     " 
7    25    " 
7      1    " 

Times  of  Western  Elonirations. 

Day  of 
Month. 

o«t. 

N»T. 

l»ee. 

JaH. 

Fe1>. 

Mar. 

7 
IS 
19 

25 

H.M. 
6    81  AM 
6      8" 
5    44    " 
5    11    " 
4    57    " 

H.M.      ■ 
4    29AM 

4  6" 

5  41   " 
8    19   " 
2    65   " 

H.M. 

1    82  A  M 
18" 
1    44    " 
1    21    " 
12    67    " 

H.  M. 
12    80  AM 
12      6     " 
11    89PM 
11     15     " 
10    51     " 

H.  M. 

10    24  PM 
10    00    " 
9    36     " 
9    IS     " 
8    49    " 

H    M. 
8    SOPM 
8      6" 
7    48     •• 
7    19     •• 
6    65     " 

For  days  of  the  month  intermediate  of  those  In  the  table.  It  will  be  near  enoogh  to  make  the  time 
i  min  earlier  each  succeeding  day. 

During  nearly  all  of  the  four  months.  March,  April,  September,  and  October,  the  elongations  take 
place  in  daylight ;  so  that  this  method  cannot  then  be  used.  Nor  can  it  be  used  at  anv  time  in  plaoea 
south  of  about  4°  north  of  the  equator,  because  there  the  north  star  is  not  visible.  But  doring  that 
time  a  meridian  may  be  found  by  reoelleeting  that  when  the  north  star  niaon  the  mertdtmn,  or,  in 
other  words,  is  ^rulj/  north  from  us.  the  star  Alloth.  m,  Is  very  nearly  vertically  oAovs  it,  if  the 
north  atar  (•  is  on  the  meridian  ftelow  the  pole ;  or  below  it,  as  at  a'",  if  the  north  star,  n"'  is  on 
the  meridian  abov«  the  pole.  When  the  north  star  n*  Is  at  its  east  elooRatlon.  Alloth  Is  horizon- 
tally west  of  It,  as  at  a':  and  when  the  north  star.  n".  Is  at  its  west  elongation.  Alloth  is  horisontally 
^  I}t  ■'*'**'•  ■*"  '***'  *"  necessary,  therefore.  Is  to  prepare  an  arrangement  of  table,  pole 
plumb  line,  to,  precisely  as  before  :  except  that  the  plumb- line  must  be  nearer  the  observer,  as  ho 
will  have  to  watch  Alloth  above  the  north  star.  Watch  through  the  movable  slit  until  Alloth  is  on 
the  same  vert  line  with  the  north  star.  Then  put  In  two  stakes  as  before,  and  they  will  be  nearly 
In  a  tiue  north  and  south  line.    But  to  be  more  exact,  either  Uy  off  (to  the  B  if  Aliotb  is  above 
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FMarU.  or  to  the  W  if  below)  ma  azimath  jingle  of  11  miaatee;  or  elae  do  net  drive  the  «takee  wbes 
the  two  stars  are  in  »  vert  lioe,  bat  not«  the  time,  and  then  wait  ti.b  mioatcs.  Tbra  take  tlM 
raoge  to  Polaris  alone.    Tkis  last  range  will  be  true  N  and  8  within  2  or  S  minntes  dependinc  on  lab 

until  1890.    A  transit  with  illuminated  cros»-wire8  can  plainly  be  used  in- 

ttead  of  the  planibliae,  4e.  but  is  more  troubtesooie  except  to  an  expert.  A  very  oorreot  Method 
adapted  to  both  N  and  S  lats,  ia  to  take  the  two  ranges  to  any  N  or  S  ciroanpolar  star  on  the  saase 

\ight;  when  it  is  at  any  two  eaual  altitudes.  Half  way  between  them 
yiU  be  true  N  and  S. 


There  eaa  be  no 
dilBonlty  in  find- 
log  Alloth,  as  it 
Is  one  of  the  7 
bright  stars  in 
the  fine  oenstel- 
lation  so  well 
known  as  the 
Great  Bear,  or 
the  Wagon  and 
Horses.  Aliothis 
the  horse  nearest 
to  the  fore-wheels 
of  the  wagon. 
The  two  hind- 
wheels  (  t  are 
known  to  every 
schoolboy  as  the 
"  Pointers,"  be- 
cause they  point 
nearir  ia  the  di- 
rection  to  tho 
KorthStar.  The 
relative  ponitious 
of  these  7  stars. 
as  shown  ia  Fig 
14,  are  tolerably 
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32 

SO 
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30 
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40 
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.9951 
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42 
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18 

50 
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10 

50 
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50 
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52 
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H 

54 
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56 
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4 
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.7586 

J6574 

64 

6 

.7972 

.6037 

52 

8 

.7757 

.6311 

52 

8 

.7582 

.6678 

62 

10 

.7969 

.6041 

50 

10 

.7753 

.6316 

50 

10 

.7528 

.6588 

50 

12 

.7965 

.6046 

48 

12 

.7J49 

.6320 

48 

12 

.7524 

.6587 

48 

14 

.7962 

.6051 

46 

14 

.7746 

.6325 

46 

14 

.7520 

.6591 

46 

16 

.7958 

.6055 

44 

16 

.7742 

.6329 

44 

16 

.7516 

.6596 

44 

18 

.7955 

.6060 

42 

18 

.7738 

.6334 

42 

18 

.7618 

.6600 

42 

20 

.7951 

.6065 

40 

20 

.7735 

.6838 

40 

20 

.7609 

.6604 

40 

22 

.7948 

.6069 

88 

22 

.7731 

.6343 

88 

22 

.7806 

.6i0e 

88 

24 

.7944 

.6074 

86 

24 

.7727 

.6347 

86 

24 

.7501 

.6618 

86 

26 

.7941 

.6078 

84 

26 

.7724 

.6352 

84 

26 

.7497 

.6617 

84 

28 

.7987 

.6063 

82 

28 

.7720 

.6356 

82 

28 

.7498 

.6622 

82 

80 

.7984 

.6088 

SO 

80 

.7716 

.6861 

80 

80 

.7490 

.6626 

80 

82 

.7980 

.6002 

28 

32 

.7713 

.6365 

28 

88 

.7486 

UMBl 

28 

84 

.7926 

.6097 

26 

84 

.7709 

.6870 

26 

84 

.7482 

.6686 

26 

86 

.7923 

.6101 

24 

86 

.7705 

.6874 

24 

86 

.7478 

.6689 

24 

38 

.7919 

.6106 

22 

88 

.7701 

.6879 

22 

38 

.7474 

.6644 

22 

40 

.7916 

.6111 

20 

40 

.7608 

.6383 

20 

40 

.7470 

.6648 

20 

42 

.7912 

.6115 

18 

42 

.7694 

.6888 

18 

42 

.7466 

.6662 

18 

44 

.7909 

.6120 

16 

44 

.7690 

.6892 

16 

44 

.7468 

Mil 

16 

46 

.7905 

.6124 

14 

46 

.7687 

.6897 

14 

46 

.7469 

.6661 

14 

48 

.7902 

.6129 

12 

48 

.7683 

.6401 

12 

48 

.7455 

.6665 

12 

50 

.7898 

.6134 

10 

50 

.7679 

.6406 

10 

50 

.7451 

.6670 

10 

52 

.7894 

.6138 

8 

52 

.7675 

.6410 

8 

52 

.7447 

.6674 

8 

64 

.7891 

.6143 

6 

54 

.7672 

.6414 

6 

54 

.7448 

.6678 

6 

56 

.7887 

.6147 

4 

66 

.7668 

.6419 

4 

56 

.7489 

.6688 

4 

58 

.7884 

.6152 

2 

58 

.7664 

.6423 

2 

58 

.7486 

.6687 

2 

I8O0' 

.7880 

.6157 

52«0' 

4000- 

.7660 

.6428 

60O0' 

42O0' 

.7481 

.6691 

4800' 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

or 

or 

or 

or 

or 

or 

K.W. 

N.S. 

B.W. 

N.S. 

E.W. 

N.S. 
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Trwweme  Table  for  a  Distance  — 

1.  (Concludes.) 

Lai. 

Dep. 

Lat. 

[>ep. 

Lat. 

Dep. 

or 

or 

or 

or 

or 

or 

N.S. 

E.W. 

N.S.    1 

.W. 

N.S. 

E.W. 

4200 

.7431 

.6691 

48O0' 

18O0' 

.7314 

6820 

470O' 

4400' 

.7193 

.6947 

46^' 

i 

.7428 

.6696 

58 

2 

.7310 

6824 

58 

2 

.7189 

.0651 

58 

4 

.7424 

.6700 

56 

4 

.7306 

6828 

56 

4 

.7186 

.6965 

56 

« 

.7420 

.6704 

64 

6 

.7302 

6833 

54 

6 

.7181 

64 

8 

.7416 

.6709 

62 

8 

.7298 

6837 

52 

8 

.7177 

'.6963 

62 

10 

.7412 

.6713 

60 

10 

.7294 

«841 

60 

10 

.7173 

.6967 

50 

It 

.7408 

.6717 

48 

12 

.7290 

6845 

48 

12 

.7169 

.6972 

48 

14 

.7404 

.6722 

46 

14 

.7286 

6850 

46 

14 

.7166 

.6976 

46 

1« 

.7400 

.6726 

44 

16 

.7282 

6H64 

44 

16 

.7161 

.6980 

44 

18 

.7396 

.6730 

^. 

18 

.7278 

6858 

42 

18 

.7157 

.6064 

42 

» 

.7802 

.6784 

40 

20 

.7274 

6862 

40 

20 

.7153 

.6888 

40 

a 

.7388 

.6739 

38 

22 

.7270 

6867 

88 

22 

.7149 

.6992 

88 

M 

.7386 

.6743 

36 

24 

.7266 

6871 

86 

24 

.7146 

.6997 

86 

36 

.7381 

.6747 

34 

26 

.7262 

6875 

84 

26 

.7141 

.7001 

34 

» 

.7377 

.6752 

82 

28 

.7258 

6879 

32 

28 

.7187 

.7006 

32 

SO 

.7373 

.6756 

30 

80 

.7254 

6884 

30 

80 

.7188 

.7009 

80 

33 

.7360 

.6760 

28 

32 

.7256 

6888 

28 

32 

.7128 

.7013 

28 

S4 

.7365 

.6764 

26 

34 

.7246 

6892 

26 

34 

.7124 

.7017 

26 

S6 

.7361 

.6769 

24 

36 

.7242 

6896 

24 

36 

.7120 

.7021 

24 

38 

.7367 

.6773 

22 

88 

.7238 

6900 

22 

38 

.7116 

.7026 

22 

40 

.7353 

.6777 

20 

40 

.7234 

sm 

20 

40 

.7112 

.7030 

20 

42 

.7349 

.6782 

18 

42 

.7230 

6909 

18 

42 

.7108 

.7034 

18 

44 

.7345 

.6786 

16 

44 

.7226 

6913 

16 

44 

.7104 

.7038 

16 

46 

.7341 

.6790 

14 

46 

.7222 

6917 

14 

46 

.7100 

.7042 

14 

48 

.7337 

.6794 

12 

48 

.7218 

.6921 

12 

48 

,7096 

.7046 

12 

50 

.r333 

.6799 

10 

50 

.7214 

6926 

10 

50 

.7092 

.7050 

10 

52 

.7329 

.6803 

8 

52 

.7210 

.6930 

8 

52 

.7068 

.7065 

8 

64 

.7325 

.6807 

6 

54 

.7206 

6934 

6 

54 

.7083 

.7059 

6 

56 

.7321 

.6811 

4 

56 

.7201 

6938 

4 

66 

.7079 

.7063 

4 

56 

.7318 

.6816 

2 

58 

.7197 

6942 

2 

58 

.7075 

.7067 

2 

43O0' 

.7314 

.6820 

470O' 

4400' 

.7193 

6947 

46O0' 

450O' 

.7071 

.7071 

450O' 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

*  Lat. 

or 

or 

or 

or 

or 

or 

E.W. 

N.S. 

K.  W.    ] 

«.S. 

B.W. 

N.S. 

I  tlie  aaiile  ezoeedt  45"*  the  lati  aod  deps  are  read  apward  ft-om  the  bottom. 
BflOk— Since  these  lata  and  dep*  are  fsr  a  dfst  1,  we  may  proceed  as  follows  for  greater  dists. 
Tboft,  let  the  disi  be  86&1.    Add  together  800  times,  50  times,  6  times,  and  JL  time  the  correspond- 
fag  late  and  dep*  of  the  UUe. 
Ex.— What  U  the  lat  and  dep  for  856.1  feet ;  the  angle  being  43P1 
Here  for  4y  we  hare  from  the  UMe,  lat  .7314 ;  dep  .6820. 

Hence,  .7314  X  800  =  585.12;  and  .6820  X  800  —  546.00 
.7314  X  50  =  86.57 ;  and  .6820  X  60  =  84.10 
.7314  X  6=  4.39:  and  .^20  X  6=  4.09 
.7314  X     .1  =       .07 ;  and  .6820  X    .1  =       .07 

Lat  626.15  Dep  583.86 

Thew  mnltlpHeations  may  be  made  mentallj.  Or  we  may,  with  a  little  more  trouble,  molt  the  lat 
sud  dep  of  the  Uble  by  the  given  dist.    Thus. 

.7314  X  856.1  =  626.15  lat ;  and  .6820  X  856.1  =  583.86  dep.» 

•  Inasronch  as  the  engineer  bnt  rarelj  needs  a  traverse  table,  we  have  thonght  it  best  to  give  a 
eorreet  one,  rather  than  the  common  one  for  }i  degrees.  The  first  Involves  more  trouble  in  using  it ; 
bat  the  last  is  entirely  nnflt  for  orber  than  the  mde  ealeolatioDS  for  common  surveying  with  oompass 
oooraes  taken  to  the  nearest  }i  degree. 

To  divide  a  scale  of  one  mile  into  feet,  first  cut  off  one-sixth  of  it; 
(hen  divide  the  remainder  into  four  eqaal  parts.    Each  of  these  parts  will  be  1 100  feet. 
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THE  engineer's  TRANSIT.  189 

Thr  details  of  the  transit,  like  those  of  the  level,  are  dlfferentlj  arranged  by 
diff  makers,  and  to  suit  particular  purposes.  We  describe  it  in  its  modern  form, 
as  made  bj  Heller  and  Brightly,  of  Philada.  Without  the  lonfr  bubble-tnbe 
F  F,  Fig  1,  un<ier  the  telescope,  and  the  grradnated  arc  g,  it  is  their  plaiM 
transit.  With  these  appendages,  or  rather  with  a  graduated  drde  in  place  of 
the  are,  it  becomes  virtnally  a  Complete  Theodolite.* 

B  D  D,  Fig  2,  is  the  tripod-heaa.  The  screw-threads  at  v  receive  the  screw 
of  a  wooden  tripod-head-cover  when  the  instrument  is  out  of  use.  S  S  A  is  the 
lower  parallel  plate.  After  the  transit  has  been  set  very  nearly  over  the 
center  of  a  stake,  the  shifting^-piate,  dd  cc,  enables  us,  by  slightly  loosening 
the  leTelliii|r<-serew«  K,  to  shift  the  upper  parts  horizontally  a  trifle,  and 
thus  brinff  the  plumb-bob  exactly  over  the  center  with  less  trouble  than  by  the 
older  method  of  pushing  one  or  two  of  the  legs  further  into  the  ground,  or  spread- 
ing them  more  or  less.  The  screws,  K,  are  then  tightened,  thereby  pushing  up- 
ward the  npper  parallel  plate  mm^xx,  and  with  it  the  hali-ball  ft,  thus 
pressing  c  c  lightly  up  against  the  under  side  of  &    The  plumb-line 


throagh  the  vert  hole  in  h.  Screw-caps,  /  g,  protect  the  levelling-acrews  from 
dust,  ^  The  feet,  t,  of  the  screws,  work  in  loose  sockets,./  made  flat  at  bottom, 
to  preserve  S  from  being  indented.  The  parts  thus  &r  described  are  generally 
left  attached  to  the  legs  at  all  times.    Fig  1  shows  the  method  of  attachment. 

To  set  the  upper  parts  upon  the  parallel  plates.  Place  the 
lower  end  of  U  U  in  r  c,  holding  the  instrument  so  that  the  three  blocks  on  m  m 
(of  which  the  one  shown  at  F  is  movable)  may  enter  the  three  corresponding 

•The  price  of  a  tkntrcXxm  plain  transit  with  shifting-plate  and  plumb-bob,  by  Hot- 
ler  A  Brightly,  is  $186.    One  with  vertical  arc  g  aud  long  bubl;le-tube  ¥  V,  $220. 

la 
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190  THE  engineer's  TRANSIT. 

recesses  ia  a,  thus  allowiog  a  to  bear  fullj  on  m,  npon  which  the  upper  parts 
then  rest.  (The  inner  eud  of  the  spring-catch,  /,  in  the  meantime  enters  a  groove 
aroDDd  U,  jiet  below  a,  and  prevents  toe  upper  parts  from  falling  off,  if  the  in- 
strument is  now  carried  over  the  shoulder.)  Revolve  the  upper  parts  horizontally 
a  trifle,  in  either  direction,  until  they  are  stopped  by  the  striking  of  a  small  lug 
on  a  against  one  of  the  blocks  F.  The  recesses  in  a  are  now  clear  of  the  blocks. 
Tighten  o,  thereby  pushing  inward  the  movable  block  F,  which  clamps  the 
bevelled  flange  a  between  it  and  the  two  fixed  blocks  on  m  m,  and  confines  the 
spindle  U  to  the  fixed  parallel  plates.  It  remains  so  clamped  whUe  the  instrument 
is  being  used. 

To  remove  the  upper  parts  from  the  parallel  plates.  Loosen 
q,  bring  the  recesses  in  a  opposite  the  blocks  F.  Hold  back  Z,  and  lift  the  upper 
parts,  which  are  then  held  together  by  the  broad  head  of  the  screw  inserted  into 
the  foot  of  the  spindle  w. 

T  T  is  the  outer  rewolvinir  spindle*  cast  in  one  with  the  snj 


iuff^plate  Z  Z,  to  which  is  fastened  the  irraduated  limb  O  O.  The  limb 
extends  beyond  the  compass-box,  and  thus  admits  of  larger  graduations  than 
would  otherwise  be  obtainable.   «;  ti;  is  the  inner  rewolirin|{r  spindle.   At 

its  top  it  has  a  broad  flange,  to  which  is  fastened  the  vernier  plate  P  P.  To 
the  latter  are  fastened  the  compass- box  C,  one  of  the  bnbble-tubes  M  M 

(the  one  shown  in  Fig  2),  the  dust-box  W  W,  the  standards  V  V,  supporting 
the  telescope,  Ac.  Each  bubble-tube  is  supported  and  adjusted  by  two  capstan- 
screws,  one  at  each  end.  One  is  shown  at  r.  The  bent  strip  curving  over  the 
tube  protects  the  glass. 

The  clamp-screw,  H,. presses  the  split  collar,  1 1,  tightly  against  the  fixed  spindle, 
U,  but  not  against  Z  or  T.  The  set-screws,  G  G,  working  in  nuts  that  are  cast  in 
one  with  Z,  hold  between  them  the  tongue,  y,  which  projects  from  tt,  and  the 
graduated  limb  is  thus  held  fast,  except  that  by  moving  the  screws,  G,  it  may  be 
made  to  revolve  slightly. 

In  Fig  1,  the  tangent-screw,  b,  is  seen  passing  through  two  towers,  in  which  it 
works.  One  of  the  towers  is  fast  to  the  lower  one  of  tne  two  small  pieces  at  the 
foot  of  the  clamp-screw  e.  Fig  2.  When  e  is  tightened,  it  draws  the  two  small 
pieces  together,  confining  between  them  an  edge  of  the  graduated  limb,  which  is 
thus  made  fast  to  the  above-mentioned  tower.  The  other  tower  is  fast  to  the 
vernier-plate;  and  the  tangent-screw,  b,  holds  the  towers  at  a  fixed  dist  apart. 
The  clamping  of  f  thus  prevents  the  vernier-plate  from  revolving  over  the  grtidu- 
ated  limb,  except  that  It  may  be  moved  slightly  by  turning  6,  and  thus  chanuing 
the  dist  apart  of  the  towers.  In  Heller  and  Brightly's  instruments,  the  screw,  6, 
is  provided  with  means  for  taking  up  its  "  wear,"  or ''  lost-motion." 

There  are  two  verniers.  One  is  shown  at  p.  Fig  1.  Both  may  lie  read,  and 
their  mean  taken,  when  great  accuracy  is  required.  Ivoi^  reflectors,  c,  facilitate 
their  reading.  Before  the  instrifment  is  moved  from  one  place  to  another,  the 
eompass-needle,  k,  Fig  2,  should  al  wavs  be  pressed  up  against  the  glass  cover 
of  the  compass-box  by  means  of  the  upright  milled-head  screw  seen  on  the  ver- 


nier-plate in  Fig  1,  just  to  the  right  of  the  nearest  standard.  The  pivot-point  is 
thus  protected  nom  injury. 

R,  Fig  1,  is  a  ring  with  a  clamp  (the  latter  not  shown)  for  holding  the  telescope 
in  any  required  position.  It  is  nest  to  let  the  cyc-end,  e.  of  the  telescope  revolve 
doumward,  as  otherwise  the  shade  on  O,  if  in  use,  may  fall  off.  The  tangent-«crew, 
rf,  moves  a  vert  arm  attached  to  R,  and  is  thus  used  for  slightlv  changing  the 
elevation  of  the  telescope.  In  the  arm  is  a  slit  like  that  seen  in  the  vernier-arm 
/.  When  QP  of  the  vernier  is  placed  at  SOP  on  the  arc,  g,  and  the  index  of  the 
opposite  arm  is  plaAad  over  a  small  notch  on  the  horizontal  brace  (not  seen  in  our 
figs)  of  the  standards,  the  two  slits  will  be  opposite  each  other,  and  may  be  used 
for  laying  off  offsets,  Ac,  at  right-angles  to  the  line  of  sight. 

One  end,  R,  of  the  telescope  axis  rests  in  a  movable  box,  under  which  is  a  screw. 
By  means  of  the  screw,  the  box  may  be  raised  or  lowered,  and  the  axis  thus  ad- 
justed for  very  slight  derangements  of  the  standards.  For  E,  B,  O,  and  A,  see 
Level,  p  201.    a  fs  a  dust-guard  for  the  object-slide. 

Stadia  Hairs.  Immediately  behind  the  capstan-screw,  j>,Fig  1,  is  seen  a 
smaller  one.  This  and  a  similar  one  on  the  opposite  side  of  the  telescope,  work 
in  a  ring  inside  the  telescope,  and  hold  the  ring  in  position.  Across  the  ring  are 
stretched  two  additional  horizontal  hairs,  called  stadia  hairs,  placed  at  such  a 
distance  apart,  vertically,  that  they  will  subtend  say  10  divisions  of  a  graduated  rod 
placed  UH)  ft  from  the  instrument,  15  divisions  at  IdO  ft,  Ac.  They  are  thus  used  for 
meHsuring  bor  and  sloping  distances. 

Tbe  louKT  bubble-tube.  F  F,  Fig  1,  enables  us  to  use  the  transit  as  a  level, 
although  it  is  not  so  well  adapted  as  the  latter  to  this  purpose. 
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To  a«yu9t  a  ptaOat  Transit. 

When  either  a  lerel  or  a  transit  is  purchased,  it  is  a  good  precaution  (but  on* 
which  the  >rriter  has  «eTer  seen  alluded  to)  to  first  screw  the  olject-glaiis  firmly  home 
to  its  place;  and  then  make  a  short  continuous  scratch  upou  the  ring  of  the  glass,  nod 
upon  its  slide;  so  as  to  be  able  to  see  at  any  time  when  at  work,  that  the  glass  is 
always  in  the  same  position  with  regard  to  the  slide.  For  if,  after  all  the  adjustments 
are  completed,  the  position  of  the  glass  should  become  changed,  (as  it  is  apt  to  be  if 
imscrewed,  aud  afterward  not  screwed  up  to  the  same  precise  spot,)  the  adjustments 
may  thereby  become  materially  deranged;  especially  if  the  object-glass  is  eccentric, 
or  not  truly  ground,  which  is  often  the  case.  Such  scratches  shouTd  be  prepared  bj 
tlie  maker.  Jn  making  adjustments,  as  well  as  when  using  a  transit  or  level,  be 
careful  that  the  eye-gla^s  and  obiect-glass  are  so  drawn  out  that  there  shall  be  no 
parallax.  The  eye-glass  must  first  be  drawn  out  so  as  to  obtain  perfect  distinctnesai 
uf  the  cross-hairs ;  it  must  not  be  disturbed  afterward ;  but  the  olject-glass  must 
be  moved  for  diffisrent  distances. 

First,  to  ascertaia  tliat  tlie  bnbbl««tnbes,  91  Uf ,  are  placed 
parallel  to  tlie  Ternier-plate,  and  that  ther^ore  when  both  bubbles  are  in 
the  centers  qf  their  tubes  the  axis  of  the  inst  is  verL  By  means  of  the  four  leveUiog- 
screws,  K,  bring  both  babbles  to  the  centers  of  their  tubes  in  one  position  of  the 
inst ;  then  turn  the  upper  parts  of  the  inst  htilj-way  round.  If  the  bubbles  do  not 
remain  In  the  center,  correct  half  the  error  by  means  of  the  two  capstan-screws 
rr:  and  the  other  half  by  the  levelling-ecrews  K.  Repeat  the  trial  until  both 
bubbles  remain  in  the  center  while  the  lost  is  being  turned  entirely  around  on 
its  spindle. 

Second,  to  see  that  tbe  standards  have  snflored  no  deraufre- 
ment  t  that  is.  that  they  are  of  equal  height  and  perpendicular  to  the  vernier- 
plate,  as  they  always  are  when  they  leave  the  maker  s  hands.  Level  the  inst 
perfectly ;  then  direct  tbe  intersection  of  tbe  hairs  to  some  point  of  a  high  object 
(as  the  top  of  a  steeple)  near  by ;  clamp  the  inst  by  means  of  screws  H  and  e, 
and  lower  the  telescope  until  the  intersection  strikes  some  point  of  9  low  object. 
(If  there  is  none  such  drive  a  stake  or  chain-pin,  Ac,  in  the  line.)  Then  un- 
clamp  either  H  or  e,  and  turn  the  upper  parts  of  the  inst  half-way  round ;  fix  the 
intersection  again  upon  tbe  high  point;  clamp;  lower  the  telescope  to  the  low 
point.  If  the  intersection  still  strikes  the  low  point,  the  standards  are  in  order. 
If  not.  correct  one'^uarler  of  the  dlff  (same  principle  as  In  Fig  4)  by  means  of  the 
adjusting-block  and  screw  at  the  end,  R,  of  the  telescope  axis,  Fig  1,  and  repeat 
the  trial  de  novo,  resetting  the  stake  or  chain-pin  at  each  trial.  If  the  inst  has  no 
adjusting-block  for  the  axis,  it  should  be  returned  to  the  maker  for  correction  of 
any  derangement  of  the  standards. 

A  transit  may  be  used  for  running  straight  lines,  even  if  the  standards  become 
Slightly  bent,  by  the  process  described  at  the  end  of  the  fourth  adjustment. 

Tbird,  to  see  tbat  tbe  cross-bairs  are  truly  vert  and  bor 
wben  tbe  inst  is  level.  When  the  telescope  inverts,  the  cross-hairs  are 
nearer  tbe  eve-end  than  when  it  shows  objects  erect.  The  maker  takes  care  to  place 
the  cross-hairs  at  right-angles  to  each  other  in  their  ring,  or  diaphragm ;  and  gene- 
rally he  so  places  the  ring  in  the  telescope,  that  when  levelled,  they  shall  be  vert  - 
and  hor.  Sometimes,  however,  this  is  neglected ;  or  the  ring  may  by  accident  be- 
come tomed  a  little.  To  be  certain  that  one  hsAr  is  vert,  (in  which  case  the  other 
must,  by  construction,  be  hor,)  after  having  adjusted  the  bubble-tubes,  level  the  in- 
strument carefnlly,  aud  take  sight  with  the  teleucope  at  a  plumb-line,  or  other  vert 
straight  edge.  If  the  vert  hair  coincides  with  this  object, 
it  is,  sofar^  in  adjustment ;  but  if  not,  then  loosen  slightly 
onlv  t\oo  adjacent  screws  of  the  four,  j>p  1 1',  Fig  1 ;  and 
with  a  knffe,  key,  or  other  small  instrument,  tap  very 
gently  against  the  screw-heads,  so  as  to  turn  the  ring  a 
little  in  the  telescope  ;i)ei"severing  until  the  bair  be- 
comes truly  vertical.  When  this  is  done,  tighten  the 
screws.  In  the  absence  of  a  plumb-line,  or  vert  straight 
edge,  sight  the  cross-hair  at  a  very  small  distinct 
point;  and  see  if  the  hair  still  cuts  that  point,  when 
the  telescope"  is  raised  or  lowered  by  revolving  it  on 
its  axis. 
The  mode  of  performing  the  foregoing  will  be  readily 
nnderttood  from  this  Fig,  which  represents  a  section  across  the  top  part  of  tbe  tele- 
scope, and  at  the  cross-hairs.  The  hair-ring,  or  diaphragm,  a;  vert  hair,  r;  tele- 
scope tube,  g ;  ring  outside  of  telescope  tube,  d;  bis  one  of  the  four  capstan-headed 
screws  which  hold  the  hair-ring,  n,  in  its  place,  and  also  serve  to  adjust  it.  The 
lower  ends  of  these  screws  work  in  the  tnickness  of  the  hair-ring;  so  that  when 
they  are  loosened  somewhat,  they  do  not  lose  their  hold  on  the  ring.    Small  loose 
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washers,  r,  are  placed  under  the  heads  b  of  the  acxsews.  A  space  yyia  left  around 
each  screw  where  it  passes  through  the  telescope  tube,  to  allow  the  screws  and  ring 
together  to  be  moved  a  little  sideways  when  the  screws  b  are  slightly  loosened. 

Fourtli,  to  see  that  tlie  wertieal  lialr  Is  In  tbe  line  of  colli- 
mation.  Plant  the  tripod  firmly  up<m  the  ground,  as  at  a.  Level  the  inst; 
clamp  it;  and  direct  the  vert  hair  by  means  of  tangent-screws  G  (figs.  1  and  2) 
upon  some  convenient  object  h ;  or  if  there  is  none  such,  drive  a  thin  stake,  or  a 
CQHin-pin.    Then  revolving  the  telescope  vert  on  its  Hxis,  ^c 

observe  some  object,  as  c,  where  the  vert  hair  now  strikes;  j,         a       ,^" 

or  if  there  is  none,  place  a  second  pin.    Uiiclamp  the  instru-  « ._. :^'j:1- ,0 

ment  by  the  clamp-screw  H;  and  turn  the  whole  upper  •  " 

part  of  it  around  until  the  vert  hair  again  strikes  b.  pif ,  4, 
Clamp  again;  and  aeain  revolve  the  telescope  vert  on  its 
axis.  If  the  vert  h  iir  now  strikes  c,  as  it  did  before,  it  shows  that  c  is  really 
at  d;  and  that  6,  a,  c,  art  in  the.  game  straight  Hue;  and  therefore  this  adjustment 
is  in  order.  If  not.  observe  where  it  does  strike,  say  at  »»,  (ihedist  a  m  being 
ta'cen  equal  to  a  c,)  and  place  a  pin  there  also.  Mohsuto  mc;  and  place  a  pm 
at  u,  in  the  line  m  c,  making  mv  —  one-fourth  of  m  c.  Also  put  a  pin  at  o,  half- 
way between  m  and  c,  or  in  range  with  a  and  6.  By  means  of  the  two  hor 
screws  that  move  the  ring  calf  yiug  tbe  crosshairs,  adjust  the  vert  hair  until  it 
cuts  V.  Now  repeat  the  f^ire  operation ;  and  persevere  until  the  telescope,  after 
l>eing  directed  to  h,  shall  strike  the  same  object  0,  both  times,  when  revolved  on 
its  axis.  See  whether  the  movement  of  tbe  ring  in  this  4th  adjustment  has  dis- 
turbed the  verticality  of  the  hair.  If  it  has,  repeat^  the  8d  a^ustment.  Then  re- 
pe  it  the  4th,  if  necessary ;  and  so  on  until  both  adjustments  are  found  to  be  ri.:ht 
at  the  same  time.  Thus  a  straight  line  mav  be  run,  even  If  the  hairs  are  out  of 
adjustment ;  but  with  somewhat  m<»re  trouble.  For  at  each  station,  as  at  <(,  two 
back-sights,  and  two  fore-sigiits,  a  c  and  a  m,  may  be  taken,  as  when  making  the 
adjustment ;  and  the  point  0,  half-way  between  c  and  m,  will  be  in  the  straightline. 
The  inst  may  then  be  moved  to  o,  and  the  two  back-sights  be  taken  to  a ;  and  so  on. 

Angles  measur<  d  by  the  transit,  whether  vert  or  hor,  will  evidently  not  be 
affected  by  the  hairs  being  out  of  a^ustment,  provided  either  that  the  vert 
hair  is  truly  vert,  or  that  we  use  the  inttrsection  of  the  hairs  when  measuring. 

The  foregoing  are  all  the  adjastments  needed,  unless  the  tran- 
sit is  requlrecffor  levelling,  in  which  case  the  following  one  must  be  attended  to : 


To  aiUnsti  the  lonv  habUe-tlibe,  F  F.  Fig.  1.  we  first  place  the  line 

of  sight  of  the  tele:M;ojpe  hor,  and  then  make  the  bubble-tube  hor,  so  that  the 
two  are  parallel.  Drive  two  pegs,  a  and  b  Fig.  5,  with  their  tops  at  precisely 
the 'same  level  (see  Rem.  p.  193)  and  at  least  about  100  ft.  apart;  3U0  or  more 
will  be  better.  Plant  the  inst  firmly,  in  range  with  them,  as  at  e,  making  h  e 
an  aliquot  part  of  a  b,  and  as  short  as  will  permit  focusing  on  a  rod  at  h.  The 
inst  need  not  be  leveled.  Suppose  th6  line  of  sight,  to  cut  e  and  d.  Take  the 
reidings  b  e  and  a  <i.  Their  aiff  is  be  —  ad  =  an  —  ad^dn;  and  ab:ne:: 
dn:d$;  s  being  the  height  of  the  target  at  a  when  the  readings  (a  «,  b  o)  on  the 

two  stakes  are  equal.     as  =  ad  +  d s  =  ad -\ r — •    If  the  reading  on  a 

exceeds  that  on  b  (as  when  the  li  ne  of  sight  i»vfg)  the  diff  of  readings  is  =  a  ^  — 

bf=^ag  —  ai  =  gi\  and  as  =  ag  —  gs  =  ag  —  ^^^^'    Sight  to  «,  bring  the 

bubble  to  the  cen  of  its  tube  by  means  of  the  two  small  nuts  n  n  at  one  end  of  the 
tube,  Fig.  1,  and  assume  that  the  telescope  and  tube  are  paralleL*    The  seros  of 

•  Tliia  DftgleoM  a  «mall  error  dae  to  the  ourratore  of  the  earth ;  for  a  Mor  line  at  «  U  «  *.  tan* 
gentlal  to  the  eurTed  (nr  "  leTel")  sarfaoe  of  Mill  water  at  v,  whereas  «  a  ia  taoseotlal  to  water  sorT 
at  a  peint  midway  between  «  and  h.  Henoe  if  the  telescope  at «  points  to  •  It  will  not  be  parallel  to 
the  level  babbte-tabe.  To  allow  for  this,  and  for  the  refhiotlon  by  the  atr,  whieh  Mmimitkm  the 
*"T' J2J!S  *•"*  '*'■«**  on  a  to  a  point  h  above  •.  *  •  » .O00000OM&  X  square  of  «  «  in  ft  ;  bot  wbra 
I  e  Is  8M  ft,  *  a  i«  only  about  one  tenth  of  an  iuoh  and  barely  oovmsi4hjB[#p^(|^i^Uhiokne88  of  Um 
iross-halr  in  the  teleseope.  ^ir\^efrrTfr'KrT^'f.j^ 
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tiM  vert  cirele,  and  of  its  vornier,  may  now  be  adjusted,  if  they  nq«iie  it| 
bj  looseaing  the  yernier  screws  and  then  moving  the  vernier  until  the  two  eoin- 

Rem.  If  no  level  is  at  hand  for  levelling  the  two  pegs  a  and  6,  it  may  be  done 
by  the  transit  itself;  thus :  Carefully  level  ihe  two  short  bubbles,  by  means  of  the 
levelliiig-screwB  K.  Brivo  a  peg  tis  from  100  to  300  feet  from  the  instrameat  o. 
Then  placing  a  target-rod  on  m,  clamp  the  target  tight  at  whatever  height,  as  «v, 
~,^-  tbe  hor  hair  happens  to  cut  it;  it  being  of  no  Im- 

tY> -        Iji^  '" Xportance  whether  the  telescope  is  level  or  not; 

^  ^                   m  "tL  although  it  might  as  well  be  as  nearly  so  as  can 

g«  _  /  i\ J|  conveniently  be  guessed  at.    Clamp  the  telescope 

m~     — * o ir  in  its  position  by  the  cUmp-ring  R,  Fig  1.    Re- 

Pl—  II  volve  the   inst  a  coiisideiable  yf«y  round;   say 

xj|f.  o.  neHrly  or  quite  half  way.    Place  another  peg  n, 

at  precwly  the  same  diat  from  the  insfrnment  that  m  is ;  and  continue  to  drive  it  un- 
til the  hor  hair  cnts  the  target  placed  on  it,  and  still  kept  clamped  to  the  rod,  at  the 
same  lieight  as  when  It  wss  on  m.  When  this  is  done,  the  tops  of  the  two  pegs  are 
on  a  level  with  each  ot^er,  and  are  ready  to  be  used  as  before  directed. 

When  a  transit  Is  intended  to  be  used  for  surveying  Ihrms,  Ac,  or  for  retracing 
lines  of  old  surveys,  it  is  very  useful  to  set  the  compass  so  as  to  allow  for  the  *'vap 
riation**  during  the  Interval  between  the  two  surveys.  For  ihto  purpose  a 
**  warlaf  ion-wemler '*  is  added  to  such  transits;  and  also  (o  the  compass. 

When  the  graduations  of  a  transit  are  figured,  or  numbered,  so  as  to  resd  both 

ways  firom  zero,  thus,  ti  1 1 1 1 1 1  i  i  i  1 1 1 1 1  ni  1 1 1 1 1  1 1 1       the  vernier  also  is  made 

double :  that  is,  it  also  is  graduated  and  numbered  from  its  zero  both  wajrs.  In  this 
case,  if  the  angle  is  measured  from  aero  toward  the  right  hand,  the  reading  must  be 
made  from  the  right  hand  half  of  the  vernier;  and  vice  versa.  If  the  figuring  is 
single,  or  only  in  one  direction,  from  zero  to  360°,  then  only  the  single  veniier  is 
neoesaary,  as  the  angles  are  then  measured  only  in  the  direction  that  the  figuring 
counts.  Engineers  differ  in  their  preferences  for  various  manners  of  figuring  the 
graduations.  The  writer  prefers  from  zero  each  way  to  ISO^*,  with  two  double  ver- 
niers. 

To  replace  eross-liaira  In  a  level,  ar  franslt.  Take  out  the  tube 
from  the  eye  end  of  the  telescope.  Looking  in,  notice  which  side  of  the  cross- 
hair diaphragm  U  turned  toward  the  eye  end.  Then  loosen  the  four  screws  which 
hold  the  diaphragm,  so  ss  to  let  the  latter  fall  out  of  the  telescope.  Fasten  on  new 
hairs  with  l>eeswax,  varnish,  glne,  or  gum-arabic  water,  Ac.  This  requires  care. 
Then,  to  return  the  diaphragm  to  its  place,  press  firmly  into  one  of  the  screw-holes 
on  the  circumf  of  the  diaphragm  itself,  the  end  of  a  piece  of  stick,  long  enough  to 
reach  easily  into  the  telescope  as  far  as  to  where  the  diaphrttgm  belongs.  By  this 
stick,  as  a  handle,  insert  the  diaphragm  edgewise  to  its  place  in  the  telescope,  and  hold 
it  there  until  two  opposite  screws  are  put  in  place  and  screwed.  Then  draw  the  stick 
out  of  the  hole  in  the  diaphragm ;  and  with  it  turn  the  diaphragm  until  the  same 
side  presents  itself  toward  the  eye  end  as  before;  then  put  in  the  other  two  screws. 

The  so-called  cross-hairs  are  actually  spider-web,  so  fine  as  to  be  barely  visible  to 
the  naked  eye.  Heller  A  Brightly  use  very  fine  platina  wire,  which  is  much  better. 
Human  hair  is  entirely  too  coarse. 

To  replace  a  spirit-level,  or  bnbble-irlasA.  Detach  the  level  from 
the  instrument;  draw  off  its  sliding  ends;  push  out  the  broken  glass  vial,  and  the 
cement  which  held  it ;  insert  the  new  one,  with  the  proper  side  up  (the  upper  side 
is  always  marked  with  a  file  by  the  maker);  wrapping  some  paper  around  its  ends, 
if  it  fits  loosely.  Finally,  put  a  little  putty,  or  melted  beeswax  over  the  ends  of  the 
vial,  to  secure  it  against  moving  in  its  tube. 

In  purchasing  instruments,  especially  when  they  are  to  be  used  far  from  a  miiker, 
it  is  advisable  to  provide  extras  of  such  parts  as  may  be  easily  broken  or  lost ;  such 
as  glass  comx>ass -covers,  and  needles;  ad(justing  pins;  level  vials;  magnifiers,  Ac. 


Tkeodoltte  a4justment8  are  performed  like  those  of  the  level  and  transit. 

1st.  That  of  the  cross-hairs :  the  same  as  in  the  level. 

2d.  The  long  bubble-tube  of  the  telescope ;  also  as  in  the  level. 

8d.  The  two  short  bubUe-tubes :  as  in  the  transit. 

4th  The  vernier  of  the  vert  limb ;  as  in  the  transit  with  a  vert  circle. 

6th.  To  see  thai  the  vert  hair  travels  vertically ;  as  in  the  fourth  a^ustment 
of  the  tnmsit.  In  some  theodolitess  no  adjustment  is  provided  tor  this ;  but  in 
large  ones  it  is  provided  for  by  screws  under  the  feet  of  the  standards. 

Sometimes  a  second  telescope  is  added ;  it  is  placed  below  the  hor  limb,  and  is 
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ealled  a  watcher.  It  has  its  own  clamp,  and  tangent-screw.  Its  use  fa  to  ascertvin 
whether  the  zero  of  that  limb  has  moved  daring  the  measurement  of  hor  angles. 
When,  previously  to  bejfinning  the  measurement,  the  zero  and  upper  telescope  are 
directed  toward  the  first  object,  point  the  lower  telescope  to  any  small  distant 
object,  and  then  clamp  it.  During  the  subsequent  measurement,  look  through  it, 
from  time  to  time,  to  be  sure  that  it  still  strikes  that  object;  thus  proving  that  no 
slipping  has  occurred. 


THE  BOX  OR  POCKET  SEXTANT. 


The  portability  of  the  pocket  sextant,  and  the  fact  that  it  reads  to  single  minutes, 
render  it  at  times  very  useful  to  the  engineer.*  By  it,  angles  can  be  measured  while 
in  a  boat,  or  on  horseback :  and  in  many  situationa  which  preclude  the  use  of  a 
transit.  It  is  useful  for  obtaining  latitudes,  by  aid  of  an  artificial  horizon.  Whea 
closed,  it  resembles  a  cylindrictU  brass  box,  about  3  inches  in  diameter,  and  1^ 
inches  deep.  This  box  is  in  two  parts: 
by  unscrewing  which,  then  inverting 
one  part,  and  then  screwing  them  to- 
gether again,  the  lower  part  becomes  a 
handle  for  holding  the  instrument. 
Looking  down  upon  its  top  when  thus 
arranged,  we  see,  as  in  this  figure,  a 
movable  arm  I  C,  called  the  index, 
which  turns  on  a  center  at  C,  and  car- 
ries the  vernier  V  at  its  other  end.  (i 
\3t  is  the  graduated  arc  or  limb.  It 
actually  subtends  about  73<=*,  but  is  di-  . 
vided  into'  about  146°.  Its  zero  is  at 
one  end.  Its  gi-aduationei  are  not  shown 
in  the  Fig. 

Attached  to  the  index  is  a  small  mov- 
able lens,  (not  shown  in  the  figure,) 
likewise  revolving  around  C,  for  read- 
ing the  fine  divisions  of  the  limb.  When 
measuring  an  angle,  the  index  is  moved 
by  turning  the  milled-hcad  P  of  a 
pinion,  which  works  in  a  rack  placed  within  the  box.  The  eye  is  applied  to  a  cir- 
cular hole  at  tlie  side  of  the  l.ox,  near  A.  A  small  tele8co|)e,  about  3  inches  long, 
accompanies  the  instrument;  but  may  generally  be  dispensed  with.  When  so,  the 
eye-hole  at  A  should  be  partially  closed  by  a  slide  which  has  a  very  small  eye-hole 
in  it;  and  which  is  moved  by  the  pin  A,  moving  in  the  curved  slot.  Another  slide, 
at  the  side  of  the  box,  carries  a  dark  glaKs  for  covering  the  eye-hole  when  observing 
the  sun.  When  the  telescope  is  used,  it  is  fastened  on  by  the  milled-head  screw  T. 
The  top  part  shown  in  our  ftgure^qan  be  separated  from  the  cylindrical  part,  by 
removing  3  or  4  small  screws  aroif  nd  its  edge ;  and  the  interior  can  then  be  exam- 
ined, and  cleaned  if  necessary.  Like  nautical,  and  other  sextants,  this  one  has 
two  principal  glasses,  both  of  them  mirrors.  One,  the  index-irlASS,  is  attached 
to  the  underside  of  the  index,  at  C;  its  upper  edge  being  Indicated  by  the 
two  dotted  lines.  The  other,  the  borlBOu-fclasHi,  (because,  when  meas- 
uring the  vert  angles  of  celestial  bodies,  it  is  directed  toward  the  horizon,)  is  also 
within  the  box;  the  position  of  its  upper  edge  being  shown  by  the  dotted  lines  at 
R.  The  horizon-glass  is  silvered  only  half-way  down;  so  that  one  of  the  observed 
objects  may  be  seen  directly  through  its  lower  half,  while  the  Image  of  the  other 
object  is  seen  in  the  upper  half,  reflected  from  the  index-glass.  That  the  instrument 
may  be  in  adjustment,  ready  for  use,  these  two  glasses  must  be  at  right  angles  to  th€ 
plane  of  the  jnstrament ;  that  Is,  to  tlie  under  side  of  the  top  of  the  bon,  to  whicb  tfiey 
are  attached;  and  must  also  be  parallel  to  each  other,  when  the  eerae  of  the  vernier 
and  of  the  limb  coincide.  The  index-glass  is  already  permaneatly  fixed  by  the 
maker,  and  requires  no  other  adjustment.  But  the  horizon-glass  has  two  adinst- 
ments,  w4iich  are  made  by  a  key  lik«  that  of  a  watch,  and  having  a  milled-head  K. 
It  is  screwed  into  the  top  of  the  box,  so  as  to  foe  alwavs  at  liana  for  use.  When 
needed,  it  is  unscrewed.    This  key  fits  upon  two  smalf  square-heads,  (like  that  for 

•  Price,  wlUi  tek»oope,  about  tSO.    Made  bj  a«a«kpole  k  Bro.,  41  PuUoo  St.,  New  Tert.   - 
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winding  a  wateh-;)  one  of  which  is  shown  at  S;  while  the  other  it  near  it,  bnt  on  the 
SIDE  of  the  box.  These  squares  are  the  heads  of  two  small  ecrews.  If  the 
horizon  glass  H  should,  Bf,  in  this  sketch,  (where  it  is  shown  endwise,)  not  be  at 
right  angles  to  the  top  G  il  of  the  box,  it  is  brought  right  by  turning  the  square- 
head S  of  the  screw  S  T ;  and  if,  after  being  so  far  rectified,  it  still  is  not  parallel  to 
the  index-giai>s  wlien  the  zeros  coincide,  it  is  moved 
a  little  bi^kward  or  forward  by  the  square  head 
at  the  side. 

To  adjnst  »  boiL  sesLtaiit.  bring  the  two 
Eeros  to  coincide  precisely ;  tiieu  look  through  the 
eye-hole,  and  the  lower  or  unflilvered  part  of  the 
horizon-glass,  at  some  distant  object.  If  the  instru- 
ment is  in  a4}U8tmeut,  the  ol)ject  thus  seen  directly, 
will  coincide  precisely  with  its  reflected  image, 
seen  at  the  same  time,  at  the  same  spot.  But  if  it 
is  not  in  adjustment,  the  two  will  appear  separated 
either  hor  or  vert,  or  both,  thus, »  *;  in  which  case 
apply  the  key  K  to  the  square-head  S ;  and  by  turning  it  slightly  in  whichever  direc- 
tion may  he  necessary,  still  looking  at  Vit  object  and  its  imagf,  bring  the  two  into  a  hor 
position,  or  on  a  level  with  each  other,  thus,  *  *.  Then  apply  the  key  to  the  square- 
head in  the  side  of  the  box;  and  by  turning  it  slightly,  bring  the  two  to  coincide 
perfectly     The  instrument  is  then  ac(justed. 

in  some  instruments,  the  hor  glass  has  a  hinge  at  v,  to  allow  !t  play  while  being 
adjusted  by  the  single  screw  ST;  but  othei-s  dispense  with  this  hinge,  and  nse  two 
screws  like  S  on  top  of  the  box,  in  addition  to  the  one  in  the  side. 

If  a  sextant  is  used  for  meu»uring  vert  angles  by  means  uf  an  artificlftl 
horlsou,  the  actual  altitude  will  be  but  one-half  of  that  read  otf  on  the 
limb;  because  we  then  read  at  once  both  the  actual  and  the  reflected  angle.  The 
great  objection  to  the  sextant  for  Engineering  purposes,  Is  that  it  does  not  measure 
angles  horizontally,  as  the  transit  d<  >cb  ;  unless  when  the  observer,  and  the  two  ob- 
jects happen  to  he  in  the  same  lior  plane. 
Thus  an  observer  with  a  sextant  at  A,  if 
measuring  the  angle  subtended  by  the 
mountain-peaks  B  and  C,  must  hold  the 
graduated  plane  of  the  sextant  in  the 
plane  of  A  B  C ;  and  must  actually  meas- 
^        ''-'''«  ^         I  "''®  **^®  angle  BAG;   whereas  what  he 

g^  y::'. '*  I  wants  is  the  hor  angle  wAw.    This  is 

^f^~ -'Wl      greater  than  BaC,  because  thedists  An 

A  and  A  m  are  shorter  than  A  B  ajid  A  C. 

The  transit  gives  tlie  hor  angle  n  A  m,  be- 
cause its  graduated  plane  is  first  fixed  hor  by  the  levelling-screws :  and  the  subse- 
quent measurement  of  the  angle  is  not  affected  by  bis  directing  merely  the  line  of 
sight  upward,  to  any  extent,  in  order  to  fix  it  upon  B  and  C.  For  more  on  this  sub- 
ject ;  and  for  a  method  of  partially  obviating  this  ol^ection  to  the  sextant,  see  the 
note  to  Example  2,  Case  4,  of  "  Trigonometry,"  page  113. 

The  mMrtteAl  sextant,  used  on  ships,  is  constructed  on  the  same  principle 
an  the  box  sextant:  and  its  n(^nstment8  are  very  similar.  In  it,  also,  the  index- 
glass  is  permanently  fixed  by  the  maker;  and  the  horizon-glass  has  the  two  adjtMt- 
menta  of  the  box  sextant.  It  also  has  its  dark  glasses  for  looking  at  the  sun ;  and 
a  small  sight-hole,  to  be  used  when  the  telescope  is  dispensed  with. 


THE  COMPASS. 


To  adJnAit  a  Compass* 

The  first  adjastment;  is  that  of  the  bubbles.  Plant  firmly ;  and  level  the 
instrument,  in  any  position;  that  is,  bring  the  bubbles  to  the  centers  of  their  tubes. 
Then  turn  the  instrument  half-Way  round.  Tf  the  babbles  then  remain  at  the  cen- 
ters, they  are  in  acyostment;  but  if  not,  correct  one.-half  the  diff  in  each  bubble, 
by  means  of  the  acUusting-screws  of  the  tubes.  Level  the  Instrument  agaia ;  turn 
it  half  round;  and  if  the  bubbles  still  do  not  remain  at  the  center,  the  B4|usting. 
•crews  must  bo  again  moved  a  little,  so  as  to  rectify  half  the  remalmng  diff.  Gener- 
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ally  several  trials  mnat  bo  thus  made,  tintii  the  bubbles  will  remain  at  the  center, 
while  the  compass  is  being  turned  entirely  around. 

filecond  adjastment.  Level  the  compass,  and  then  see  that  the  needle  is 
hor ;  and  if  not,  make  it  so  by  means  of  the  small  piece  of  wire  wJiich  is  wrapped 
around  it ;  sliding  tho  wire  toward  the  high  end.  A  needle  thus.  horizontaIl3'  ad- 
justed at  one  place,  will  not  remain  so  if  removed  far  north  or  south  from  that  place. 
If  carried  to  the  north,  the  north  end  will  dip  down ;  and  if  to  the  south,  the  south 
end  will  do  so.    The  sliding  wire  is  intended  to  counteract  this. 

Third  adjustment*  This  is  always  fixed  right  at  first  by  the  maker;  that 
is,  the  sights,  or  slits  for  sighting  through,  are  placed  at  right  angles  to  the  compass 
plate ;  so  that  when  the  latter  is  levelled  by  the  bubbles,  the  sights 
are  vert.  To  test  whether  they  are  so,  hang  up  a  plumb-line ;  and 
having  levelled  the  compass,  take  sight  at  the  line,  and  see  if  the 
slits  coincide  with  it.  If  oue  or  both  slits  should  prove  to.be 
out  of  plumb,  as  shown  to  an  exaggerated  extent  in  this  sketch, 
it  should  be  unscrewed  from  the  compass,  and  a  portion  of  its  foot 
on  the  high  side  be  filed  or  ground  off,  as  per  the  dotted  line ;  or  .^..^ 

as  a  temporary  expedient,  a  small  wedge  may  be  placed  under  the  ^  j 

low  side,  so  as  to  raise  it. 

Fourtb  adjnAtineiit,  to  straighten  the  needle,  if  it  should  become  bent. 
The  compass  being  levelled,  and  the  needle  hor,  and  loose  on  its  pivot,  see  whether 
its  two  ends  continue  to  point  to  exactly  opposite  graduations,  (that  is,  graduations 
180°  apart ;)  while  the  compass  is  turned  completely  around.  If  it  does,  the  needle 
is  straight ;  and  its  pin  is  in  the  center  of  the  graduated  circle ;  but  if  it  does  not, 
then  one  or  both  of  these  require  adjusting.  First  level  the  compass.  Then  turn  it 
until  some  graduation  (say  90°)  comes  precisely  to  the  north  end  of  the  needle.  If 
the  south  end  does  not  then  point  precisely  to  the  opposite  90°  division,  lilt  off  the 
needle,  and  bend  the  pivot-point  until  it  does ;  remembering  that  every  time  said 
point  is  bent,  the  compass  must  be  turned  a  hairsbreadth  so  as  to  keep  the  nortli  end 
of  the  needle  at  its  90°  mark.  Then  turn  the  compass  half-way  round,  or  until  the 
opposite  90°  mark  comes  precisely  to  the  north  end  of  the  needle.  Make  a  fine  pen- 
cil mark  where  the  south  end  of  the  needle  now  points.  Then  take  off  the  needle, 
ami  bend  it  until  its  south  end  points  haJf-way  between  its  90°  mark  and  the  pencil 
mark,  while  its  north  end  is  kept  at  90°  by  moving  the  compass  round  a  hairsbreadth. 
The  needle  will  then  be  straight,  and  must  not  be  altered  in  making  the  following 
adjustment,  although  it  will  not  yet  cut  opposite  degrees. 

FlfHb  adjustment,  of  the  pivot-pin.  After  being  certain  that  the  needle  i« 
straight,  turn  the  compass  around  until  a  part  is  arrived  at  where  tho  two  ends  of  the 
needle  happen  to  '•ut  opposite  degrees.  Then  turn  the  compass  quarter  way  around, 
or  through  90°.  If  the  needle  then  cuts  opposite  degrees,  the  pivot-point  is  already 
in  adjustment ;  but  if  the  needle  does  not  so  cut,  liend  the  pivoi-point  until  it  does. 
Repeat,  if  necessary,  until  the  needle  cuts  opposite  degrees  while  being  turned  entirely 
around. 

Care  and  nicety  of  observation  are  necessary  in  making  these  adjustments  properly ; 
because  the  entire  error  to  be  rectified  is,  in  it8elf,a  minute  quantity ;  and  the  novice 
is  very  apt  to  increase  his  trouble  by  not  knowing  how  to  use  his  ■■ni;niiirr. 
when  looking  at  the  end  of  the  needle  and  the  corresponding  graduations.  The  mag- 
nifier must  always  be  held  with  ita center direcUy  over  the  point  to  be  examined;  ai^ 
it  must  be  held  parallel  to  the  graduated  circle.  Otherwise  annoying  errors  of 
several  minutes  will  be  made  in  a. single  observation;  and  the  accumulation  of  .two 
or  three  such  errors,  arising  from  a  cause  unknown  to  him,  may  compel  him  to 
abandon  the  adjustments  in  despair.  This  suggestion  applies  also  to  the  ipading  of 
angles  taken  by  the  transit,  Ac ;  althou^  the  errors  are  not  then  likely  to  be  so 
great  as  in  the  case  of  the  compass.  In  purchasing  a  magnifier  for  a  compass,  see 
that  no  part  of  it,  as  hinges,  or  rivets,  are  made  of  iron ;  for  such  would  change  the 
direction  of  the  needle. 

If  the  sight-slits  of  a  compass  are  not  fixed  by  the  maker  in  line  with  the  two 
opposite  zeros,  the  engineer  cannot  remedy  the  defect.  This  can  be  ascertained  by 
passing  a  piece  of  fine  thread  through  the  slits,  and  observing  whether  it  stands 
precisely  over  the  zeros. 

Tariatlon  of  the  <^mpass.* 

The  numerous  disturbing  influences  to  which  the  compass  is  subject,  render  its 

..  *r»  «'^  iorormation  oQ  this  sul^oet  see  that  mefwl  little  book  "  Magnetio  Variatioa  in  the  U  8/ 
by  il  B  Stoae,  O  B,  1878.    It  la  Invaluable  in  retracing  old  Unas. 
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indicatioiis  of  bemtegs  or  courses  rery  unreliaMe.  The  dally  Turiation  itself  sonw- 
times  amonnts  to  i^  of  a  degree ;  and  always  to  at  least  seTeral  minntes.  It  is  almost 
incessantly  changing  the  direction  of  the  needle,  to  one  side  or  the  other,  at  tlie  rate 
of  1  or  2  minutes  per  hour,  especially  in  snramer.  Local  attraction,  from  iron  in  the 
soil,  ferruginous  gravel,  trap  roclcs,  Ac,  is  another  source  of  inaccuracy;  as  are  also 
the  annual  and  the  secular  Tariations.  Electricity,  either  atmospheric,  or  excited 
by  rubbing  the  glass  cover,  sometimes  gives  trouble.  It  may  be  removed  by  touch- 
ing the  glass  with  tlie  moist  tongue,  or  finger.  It  is  plain  that  none  of  these  causes 
(except  the  last^  will  affect  the  measurement  of  angles  by  the  compass. 

In  1885  tne  line  of  no  variation  enters  the  U.  S.  near  the  N  end  of 
Liike  Superior;  passes  through  the  Straits  of  Mackinaw ;  40  m  W  of  Detroit,  Mich ; 
50  m  E  of  Columbus,  0:  and  reaches  the  Atlantic  about  half  way  between  Charles- 
ton, S  C,  and  Wilmington,  N  C.  A  compass  placed  anywhere  in  the  vicinity  of  that 
line,  will  point  nearly  due  north  and  south.  To  the  eastward  of  this  line,  the  varia* 
tion  is  westward;  and  vice  versa;  becoming  greater,  the  farther  the  place  is  from 
the  line;  until  in  some  parts  of  Maine  and  along  the  Pacific  coast  it  is  as  great  as 
18<>  to  21<^.  This  line  is  moving  westward,  at  an  average  rate  of  about  3  or  4  min> 
utes  per  year. 

The  needle,  if  of  soft  metal,  sometimes  loses  part  of  its  magnetism,  and  consequently 
does  not  work  ^ell.  It  m^y  be  restored  by  simply  drawing  the  north  pole  of  a 
cummon  magnet  (either  straight  or  horseshoe)  about  a  dozen  times,  from  the  center 
to  the  end  of  the  south  half  of  the  needle ;  and  the  south  pole,  in  the  same  way,  along 
the  north  half ;  pressing  the  magnet  gently  upon  the  needle.  After  each  stroke, 
remoTe  the  magnet  several  inches  from  the  needle,  while  bringing  it  back  to  the 
center  for  making  another  strolce.  Each  half  of  the  needle  in  turn,  while  being  thus 
operated  on,  should  Ite  held  flat  upon  a  smooth  hard  surface.  Sluggish  action  of  the 
needle  is,  however,  more  generally  pruduced  by  the  dulling  or  other  iivjury  of  the 

Kint  of  the  pivot.    Remagnetizing  will  throw  the  needle  out  of  balance ;  which  must 
counteracted  by  the  sliding  wire. 

In  or«lor  to  prevent  mistakes  by  readingT  sometimes  from  one  end, 
and  sometimes  from  the  other  end  of  the  needle, it  is  lest  to  always  point  the  N  of 
the  compass-box  toward  the  object  whose  bearing  is  to  be  taken ;  and  to  read  off 
from  the  north  end  of  the  needle.    This  is  also  more  accurate. 


GONTOUB  LINES. 


A  CONTOUB  UNB  is  a  curved  hor  one,  every  point  in  which  represents  the  same  level ; 
thus  each  of  the  contour  lines  88c,  91c,  91c,  Ac,  Fig  I,  indicates  that  every  point  in 
the  ground  through  which  it  is  traced  is  at  the  same  level ;  and  that  that  level  or 
height  is  everywhere  88, 91,  or  94  ft  above  a  certain  other  level  or  height  called 
daUun ;  to  which  all  others  are  referred. 

Frequently  the  level  of  the  starting  point  of  a  survey  is  taken  as  being  0,  or  zero, 
or  dstum ;  and  if  we  are  sure  of  meeting  with  no  points  lower  than  it,  this  answers 
every  purpose.  But  if  there  is  a  probability  of  many  lower  points,  it  is  better  to 
assume  the  starting  point  to  be  so  far  above  a  certain  supposed  datum,  that  none  of 
these  lower  points  shall  become  minus  quantities,  or  bdow  said  supposed  datum  or 
zero.  The  only  object  in  this  is  to  avoid  the  liability  to  error  which  arises  when 
some  of  the  levels  are  +,  or  plus ;  and  some  — ,  or  minus.  Hence  we  may  assume 
the  level  of  the  starting  point  to  be  10,  100, 1000,  Ac,  ft  above  datum,  according  to 
circnmrttances. 

The  vert  dists  between  each  two  contour  lines  are  supposed  to  be  equal ;  and  in 
railroad  surveys  through  well-known  districts,  where  the  engineer  knows  that  his 
actual  line  of  survey  will  not  require  to  be  much  changed,  the  dist  may  be  1  or  2  ft 
only ;  and  the  lines  need  not  be  laid  dovm  for  widths  greater  than  100  or  200  ft  on 
each  side  of  his  center^takes.  But  in  regions  of  which  the  topography  is  compara> 
tlvely  unknown ;  and  where  consequently  unexpected  obstacles  may  occur  which 
require  the  line  to  be  materially  changed  for  a  considerable  dist  back,  the  observv- 
tions  should  extend  to  greater  widths ;  and  for  expedition  the  vertical  dists  apart 
may  be  increased  to  3,  6,  or  even  10  ft,  depending  on  the  character  of  the  country, 
kc.  Also,  when  a  survey  is  made  for  a  topt^raphical  map  of  a  State,  or  of  a  county, 
vert  dists  of  5  or  10  ft  will  generally  suffice. 

Let  the  line  A  B,  Fig  1,  starting  from  O,  represent  three  stations  (S  1,  S  2,  S  3,)  of 
the  center  line  of  a  railroad  survey ;  and  let  the  numbers  100, 103,  101, 104,  along 
that  line  denote  the  heights  at  the  stakes  above  datum,  as  determined  by  levelling. 
Then  the  use  of  the  contour  lines  is  to  show  in  the  officn  what  would  be  the  effect 
of  changing  the  surveyed  center  line  A  B,  by  moving  any  pwrt  <^{j*p,^f,J**^^  **' 
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left  hand .♦  Thtis,  if  it  should  be  moved  100  ft  to  the  left,  the  starting  point  0  would 
be  on  ground  about  6  ft  liigher  than  at  present ;  inasmuch  as  its  level  would  then 
bo  about  106  ft  above  datum,  instead  of  100.  Station  1  would  be  about  7  ft  higher, 
or  110  ft  instead  of  103  Station  2  would  be  about  7  ft  higher,  or  108  ft  instead  or 
101.    If  the  line  he  thrown  to  the  right,  it  will  plainly  be  on  lower  ground. 

The  field  observations  for  contour  lines  are  sometimes  made  with  the  spirit-level ; 
but  more  frequently  by  a  slope-man,  with  a  straight  12-ft  graduated  rod,  and  a  slope 
instrument,  or  clinometer.    At  each  station  he  lays  his  rod  upon  the  ground,  as 


—  B 


Tig.L 

nearly  at  right  angles  to  the  center  line  A  fi  as  he  can  judge  by  eye ;  and  placing 
the  slope  instrument  upoa  it,  he  tftkes  the  angle  of  the  slope  of  the  ground  to  the 
nearest  ^  of  a  degree.  He  also  observes  how  iar  beyond  the  rod  the  slope  continues 
the  same ;  and  with  the  rod  he  measures  the  dist.  Then  laying  down  the  rod  at  that 
point  also,  be  takes  the  next  slope^  and  measures  its  length ;  and  so  on  as  far  as  may 
be  juf^ed  necessary.  His  notes  are  entered  in  his  field-book  as  shown  in  Fig  2;  the 
angles  -of  the  slopes  being  written  above  the  lines,  and  their  lengths  below ;  and 
should  be  accompanied  by  such  remarks  as  the  locality  suggests ;  such  as  woods, 
rocks,  marsh,  sand,  field,  garden,  across  small  run,  Ac,  &c. 

*  In  thas  Qsing  thp  word*  right  and  left  we  are  supposed  to  have  oar  backs  turned  to  the  starting 

point  of  the  survey.  In  a  river,  the  ri^rbt  bank  or  shore  is  that  which 
18  on  the  right  hand  as  we  deneeiid  it,  that  is,  in  speaking  of  its  right  or  left 
tank,  we  aro  supposed  to  have  our  bausks  turned  towards  ita  bead,  or  orifin ;  and  so  with  a  tunrej. 
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It  is  not  abeolately  necessary  to  represent  the  slopes  roughly  in  the  field-book,  as 


«up;"  •^"down;"  and  =  "level," 


'"^2^ 


in  Fig  2 ;  for  by  using  the  sign  +  to  signify 
the  slopes  may  be  writ- 
ten in  a  straight  line, 
as  in  Fig  2}^ 

The  notes  naving  been 
taken,  the  preparation 
of  the  cx>ntour  lines  by 
means  of  them,  is  of 
course  office- work  ;  and 
id  usually  done  at  the 
same  time  as  the  draw- 
ing of  the  map,  &c.  The 
field  observations  at  each 
station  are  then  sepa- 
rately drawn  by  pi»trao- 
tor  and  scale,  as  shown 
in  Fig  3  for  tlie  starting 
point  0.  The  scale  should  not  be  less  than  about  -fj  inch  to  a  ft,  if  anything  like 
accuracy  is  aimed  at.  Suppose  that  at  said  station  the  slopes  to  the  riglit,  taken  in 
their  order,  are,  as  in  Fig  2,  16°,  4°,  and  'Zip;  and  those  to  the  left,  20°,  10°,  and  16°; 
and  their  lengths  as  in  the  same  Fig.  Draw  a  hor  line  h  o,  Fig  '6 ;  and  consider  the 
center  of  it  to  be  the  station-stake.  From  this  point  as  a  center,  lay  off  these  angles 
with  a  protractor,  as  shown  on  the  arcs  in  Fig  'd.  Then  beginning  say  on  the  right 
hand,  with  a  parallel  ruler  draw  the  first  dist  a  c,  at  its  proper  slope  of  15° ;  and  of 
its  proper  length,  45  ft,  by  scale.  Then  the  same  with  c  y  and  y  t.  Do  the  same  with 
those  on  the  left  hand.  We  then  have  a  cross-section  of  the  ground  at  Sta  0.  Then 
on  the  map,  as  in  Fig  1,  draw  a  line  as  m  n,  or  A  to,  at  right  angles  to  the  line  of  road, 
and  passing  through  th  3  station-stake.  On  this  line  lay  dovm  the  hor  dists  a  (Z,  d  «,  s  v, 
^^*'ffyff  ^y  marking  them  with  a  small  star,  as  is  done  and  lettered  in  Fig  I,  at  Sta  O. 

When  extreme  accuracy  is  protended  to,  these  hor  dists  must  be  fbund  by  measure 
on  Fig  3;  but  as  a  general  rule  it  will  be  near  enough,  when  the  slopes  do  not  ex- 
ceed 10°,  to  assume  them  to  be  the  same  as  the  sloping  dists  measured  in  the  field. 
Next  ascertain  how  high  each  of  the  points  cytlniia  above  datum.  Thus,  measure 
by  scale  the  vert  dist  dc.  Suppose  it  is  found  to  be  5  ft ;  or  in  other  words,  that  c 
is  5  ft  below  station-stake  0.  Then  since  the  level  at  stake  0  is  100  ft  above  datum, 
that  at  c  must  be  5  ft  less,  or  100  —  6  =  05  ft  above  datum ;  which  may  be  marked  in 
light  lead-pencil  figures  on  the  map,  as  at  d,  Fig  1.  Next  for  the  point  y,  suppose 
we  find  «  y  to  be  11  ft,  or  y  to  be  11  ft  betow  stake  O ;  then  its  height  above  datum 
must  be  100  — 11  =  89 :  which  also  write  in  pencil,  as  at  s.  Proceed  in  the  same 
way  with  t.  Next  going  to  the  left  hand  of  the  station-stake,  we  find  « 2  to  be  say 
2  ft ;  bat  2  is  above  the  level  of  the  station-stake,  therefore  its  height  above  datum  is 
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100  4-  2  =  102  ft,  as  figured  at  e  on  the  map.  Let  ng  be  5  ft;  then  is  ti,  100  +  5  = 
105  ft  above  datum,  as  marked  at  g ;  and  so  on  at  each  station.  When  this  has  been 
done  at  several  stations,  we  may  draw  in  the  contour  lines  of  that  portion  by  hand 
thus:  Suppose  they  are  to  represent  vert  heights  of  3  ft.  Beginning  at  Station  0 
(of  which  the  height  above  datum  is  100  ft)  to  lay  down  a  contour  line  103  ft  above 
datum,  we  see  at  once  that  the  height  of  103  ft  must  be  at  t,  or  at  }<  the  dist  from  « 
to^.  Hake  a  light  lead-pencil  dot  at  t;  and  then  go  to  the  next  Station  1.  Here 
we  see  that  the  height  of  103  ft  coincides  with  the  station-stake  itself;  place  a  dot 
tnere,  and  go  to  Sta  2.    The  level  at  this  stake  is  101 ;  therefore  th§  contour  for  103 
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ft  mutt  etidently  be  2  ft  higher,  or  at «',  %  of  the  dist  from  8ta  2  to  +104;  thenftyrt 
make  a  dot  at  t.  Then  go  to  Sta  -SL  Here  the  level  being  104  above  datum,  the  con- 
tour of  103  must  be  at  y,  or  i  of  the  dist  from  Sta  3  to  +99 ;  put  a  dot  at  y.  Finally 
draw  by  hand  a  curving  line  through  t,  81,  i,  and  y;  and  the  contour  line  of  103  ft 
U  done.  All  the  others  are  prepared  in  the  same  way,  one  by  one.  The  level  of  each 
must  be  figured  upon  it  at  short  intervals  along  the  map,  as  at  103  c,  106  c,  Ac. 

Or,  instead  of  first  placing  the  +  points  on  the  map,  to  denote  the  slope  dists  actu- 
ally measured  upon  the  grouud,  we  may  at  once,  and  with  less  trouble,  find  and  show 
those  only  which  represent  the  points  t,  8 1,  t,  y,  Ac,  of  the  contours  themselves. 
Thus,  say  that  at  any  given  station-stake,  Fig  4,  the  level  is  104;  that  the  cross-sec- 
tion c  «  of  the  ground  has  been  prepared  as  before ;  and  that  we  want  the  hor  dista 
fi'om  the  stake,  to  contour  liuue  for  94,  97, 100  ft,  Ac,  3  ft  apart  vert. 
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Draw  a  vert  line  v  7,  through  the  station-stake,  and  on  it  by  scale  mark  levels  of 
04,  97, 100,  Ac  tt.  This  is  readily  done,  inasmuch  as  we  have  the  level  104  of  the 
stake  already  given.  Through  these  levels  draw  the  hor  tines  a,  6,  m,  n,  Ac  to  the 
ground-slopes.  Then  these  lines,  measured  by  the  scale,  plainly  give  the  required 
diste. 

When  the  ground  is  very  irregular  transversely,  the  cross-sections  must  be  taken 
in  the  field  nearer  together  than  100  ft.  The  preparation  of  contour  lines  will  be 
greatly  facilitated  by  the  use  of  paper  ruled  into  small  squares  of  not  less  than  about 
^  inch  to  a  side,  for  drawing  the  cross-sections  upon. 

When  the  ground  is  very  steep,  it  is  usual  to  shade  such  portions  of  the  map  to 
represent  hill-side.  The  closer  together  the  contoiuv  come,  the  steeper  of  oowrse  is 
the  ground  between  them;  and  the  shading  should  be  proportionally  darker  at  such 
portions.    Bat  for  vorkmg  maps  it  is  best  to  omit  the  shading. 

In  surveys  of  wide  districts,  the  transit  instrument  with  a  graduated  vertical  cir- 
cle or  arc,  g,  p.  188,  is  used  for  measuring  the  angles  of  slope,  instead  of  the  common 
slope-instrument.* 


1 
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•  Th«  preparing  of  oootour  Unea  is  a  slow  and  tedious  offloe-work ;  and  the  writer  oonsiders  them 
of  but  little  value  in  many  eases ;  as  when  they  are  taken  for  onlj  about  100  ft  on  eaeb  side  of  the 
line,  with  reference  to  slight  changes  of  direction.  M«  eoneetves  that,  ordinarily,  every  useful  purpose 
is  fnlfllled  if  the  ieveUor  or  the  topographer  enters  into  his  fleld*book  at  each  statloo,  notsa  simUar 
tothefUlowing: 

BUCO... -8.1R.    +2.1L. 

61 +2.aR.    — 1.8L. 

C2 trI.R.  +4.aL. 

6i .••  •* 

WUdh  meatis  that  at  sution  €0,  the  slope  of  the  greohd  on  the  right,  as  neaHy  as  be  en  lodge  by 
eye,  er  by  his  hand-level,  Is  about  •  ft  downward,  for  1  chain,  or  100  ft;  and  on  the  left,  about  t  ft 
upward  In  1  obaio.  At  61.  2  ft.  up,  in  2  chains  to  th«  right;  and  1  ft  down  in  8  ehalns  to  the  left. 
At  82,  level  fbr  1  chain  to  the  right ;  and  ascending  4  ft  In  S  chains  to  the  left.  At  <S,  the  same  as  at 
9i.    At  some  spots  it  will  be  well  to  add  a  sketch  of  a  cross-sectioa,  Ube  fig  S ;  only,  Instead  of  the 


angles,  nse  ft  of  rise  or  fall,  to  indicate  the  Hopes,  as  Judged  by  eye,  or  by  a  hand«leveL  By  this 
teeutod,  the  result  at  every  sutioo  will  be  somewhat  iu  error  {  but  these  small  errors  will  balance 
each  other  so  nearly  that  the  total  may  be  regarded  as  sufDclently  correct  for  all  the  purposes  of  « 
Pi!!  TL"*'^..*"*"***  "'  *••*  "^^  **'  *  *^*^-  ^•»en  **>«  ''oal  stakes  for  guiding  the  workmen  arc  placed, 
tne  Kiopes  sheuld  be  eantally  taken,  in  orOer  to  calculate  the  quantity  of  cxeavatlott  aeearatcly  for 
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Altbouoh  the  leTols  of  different  makers  vary  somewhat  in  their  details*  still  theif 
priiiciiMkl  parts  will  be  understood  from  the  foUowiug  figure.*  The  telescope  T  T 
rests  upon  two  supports  YY,  called  Ys;  out  of  which  it  can  be  lifted,  first  removing 
the  pins  t  s  which  confine  the  semicircular  clips  e  e,  and  then  opening  the  clipa. 
The  pins  should  be  tied  to  the  Ys,  by  pieces  of  strins,  to  prevent  their  being  lost. 
The  slide  of  the  object-glass  0,18  moved  backward  or  rorward  by  a  rack  and  pinion, 
by  means  of  the  milled  head  A.  The  slide  of  the  ey^-glass  £,  is  moved  in  the  same 
way  bv  the  milled  head  e.  A  cylindrical  tube  of  brass,  called  a  shade,  is  usually 
furnished  with  each  level.  It  is  intended  to  be  slid  on  to  the  object^nd  O  of  the 
telescope,  to  prevent  the  glare  of  the  sun  upon  tftie  oUect-glass,  when  the  sun  is 
low.  At  B  is  an  outer  ring  encircling  the  telescope,  ancl  carrying  4  small  capstan- 
headed  screws;  two  of  which,  »p,  are  at  top  and  bottom;  whUe  the  other  two, 
of  which  i  is  one,  are  at  the  sides,  and  at  right  angles  to  p  p.  Inside  of  this  outer 
ring  is  another,  inside  of  the  telescope,  and  which  has  stretched  across  it  two 
spider-webs,  usually  called  the  cross-hairs.  These  are  much  finer  than  they  ap- 
pear to  be,  being  considerably  magnified.  They  are  at  right  angles  to  each  oiher ; 
and,  in  levelling,  one  is  kept  vert,  and  the  other  hor.   They  are  liable  at  times  to  be 


thrown  out  of  this  position  by  a  partial  revolution  of  the  telescope,  when  canying 
the  level,  or  when  setting  the  tripod  down  suddenly  upon  the  ground ;  but  since,  iu 
levelling,  the  irUarsedum  ot  the  hairs  is  directed  to  the  target-rod,  this  derangement 
does  not  affect  the  accuracy  of  the  work.  Still  it  is  well  to  keep  them  nearly  vei-t 
and  hor,  by  keepingjhe  bubblb-tubb  D  D  as  nearly  directly  over  tlie  bar  V  F  as  can 
be  judged  by  eye.  This  enables  the  leveller  to  see  that  the  rod-raan  holds  his  rod 
nearly  vert,  which  is  absolutely  essential  for  correct  levelling.  If  perfect  verticality 
is  desired,  as  is  sometimes  the  case,  when  staking  out  work,  it  may  be  obtained  {if 
Vtf.  instrument  is  in  per/wt  a4;^justment,  and  lewUed)  by  sighting  at  a  plumb-line,  or 
other  vert  object,  and  then  turning  the  telescope  a  little  in  its  Ts,  so  as  to  bring  the 
hair  to  correspond.  When  this  is  done,  a  short  continuous  scratch  may  be  made  on 
the  telescope  and  Y,  to  save  that  trourle  in  future.  Heller  &  Brightly,  however, 
provide  their  levels  with  a  small  projection  inside  of  the  Ys,  and  a  corresponding 
sU^  on  the  telescope,  the  contact  of  which  insures  the  verticality  of  tne  hair. 
Should  the  hairs  be  oroken  by  accident,  they  may  be  replaced  as  directed  here- 
after. 

The  small  holes  around  the  heads  of  the  4  small  capstan-screws  p,  i,  j  ust  referred  to, 
are  for  admitting  the  end  of  a  small  steel  pin.  or  lever,  for  turning  them.  If  first 
the  upper  screw  p  be  loosened,  and  then  the  lower  one  tightened,  the  interior  ring 
will  be  lowered,  and  the  horizontal  hnir  with  it.    But  on  looking  throuKh  the  tele- 

•  The  priee  of  »  flrat-claiis  level,  by  HeUer  4,ify^tl:s<UKIi45.  It  is 
bad  ■soDoaiy  to  buj  inferior  Instrainento.  O 
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scope  they  will  appear  to  be  raised.  If  first  the.  lower  one  be  loosened,  nnd  the  tipper 
one  tightened,  tho  hor  hair  will  Iw  actually  raised,  but  apparently  lowered.  This  is 
because  the  glasses  in  the  eye-piece  E  reverse  the  apparent  position  of  objects  inside 
-of  the  telescope;  which  effect  is  obviated,  as  regards  exterior  objects,  by  means  of 
the  object-glass  0.  This  must  be  remembered  when  adjusting  the  cross-hairs ;  Ibr  if  a 
hair  appears  to  strike  too  high,  it  must  be  raised  still  higher;  if  it  appears  to  be 
already  too  far  to  the  right  or  left,  it  must  be  actually  moved  still  more  in  the  same 
direction. 

This  remark,  however,  does  not  apply  to  telescopes  which  make  objects  appear 
inverted. 

There  is  no  danger  of  injnring  the  hairs  by  these  motions,  inssmnch  as  the  four 
screws  act  against  the  ring  only,  and  do  not  come  in  contact  with  the  hairs  them- 
selves. 

Under  the  telescope  is  the  bubblb^tvbb  D  D.  One  end  of  this  tube  can  be  mised  oi' 
lowered  slightly  by  means  of  the  two  oapsta»4ieaded  nuts  n  n,  one  of  which  moat 
be  loosened  btfore  the  other  is  tightened.  On  top  of  the  bubble'tnbe  are  scratches 
for  showing  when  the  bubble  Is  central  in  the  tube.  Frequently  these  scratches,  ot 
marks,  are  made  on  a  strip  of  brass  placed  above  the  tube,  as  in  our  fig.  There  are 
several  of  them,  to  allow  for  the  lengthening  or  shortening  of  the  bnbble  by  changes 
of  temperatuie.  At  the  other  end  of  the  bubble-tube  are  two  small  capstan-screws, 
placed  on  opposite  sides  horisontally.  The  circular  head  of  one  of  tlusm  is  shown 
near  t  By  moans  of  these  two  screws,  that  end  of  the  tube  can  be  slightly  moved 
hor,  or  to  right  or  left.  Under  the  bnl>ble-tube  is  the  B4B  V  F;  at  one  end  of  which, 
as  at  V,are  two  large  capstan-mits  «v  to,  whiefe  operate  upon  a  stout  interior  screw 
which  forms  a  prolongation  of  the  Y.  The  holes  in  these  nuts  are  larger  than  the 
others,  as  they  require  a  larger  lever  for  turning  them.  If  the  lower  nut  is  loosened 
and  the  upper  one  tightened,  the  Y  above  is  raised ;  and  that  end  of  the  telescope 
becomes  farther  removed  from  the  bar;  and  vice  versa.  Some  makers  placea  similar 
screw  and  nuts  under  both  Ys ;  while  others  dispense  with  the  nuts  entirely,  and 
substitute  beneath  one  end  of  the  bar  a  large  circular  milled  head,  to  be  turned  l.y 
the  fingers.  This,  however,  is  exposed  to  accidental  alteration,  which  should  be 
avoided. 

When  the  portions  above  m  are  put  upon  m,  atid  fastened  by  the  screw  Y,  all 
the  upper  part  mav  be  swung  round  hor,  in  either  direction,  by  loosening  the 
damp-screw  II ;  or  such  motion  may  be  prevented  by  tightening  that  screw. 
It  frequently  happens,  after  the  telescope  has  been  sighted  very  nearly  upon  an 
object,  and  then  clamped  by  H,  that  we  wish  to  bring  the  cross-hairs  to  coincide 
more  precisely  with  the  object  than  we  can  readily  do  by  turning  the  telescope  bp 
hand;  and  in  this  case  we  use  the  taiiftrenC-ttcrew  6,  by  means  of  which  a 
slight  but  steady  motion  may  be  given  after  the  instrument  is  clamped.  For 
fuller  remarks  on  the  clamp  and  tangent-ecrews,  see  **  Transit." 

The  parallel  plates  m  and  S  are  operated  hf  four  ieTellin|ir-sci*ews ; 
three  of  which  are  seen  in  the  figure,  at  K  K.  The  screws  work  in  sockets  R ; 
which,  as  well  as  the  screws,  extend  above  the  upper  plate.  When  the  instrument 
is  placed  on  the  ground  for  levelling,  it  is  well  to  set  it  so  that  the  lower  parallel 
plate  S  shall  be  as  nearly  horizontal  as  can  be  roughly  judged  by  eye ;  in  order 
to  avoid  much  turning  of  the  levelling  screws  K  K  in  making  the  upper  plate 
m  hor.  The  lower  plate  S,  and  the  brass  parts  below  it,  are  together  called  the 
trlpod-head;  and,  in  connection  with  three  woodea  legs  QQQ,  constitute 
the  tripod.  In  the  figure  are  seen  the  heads  of  wing^nuts  J  which  confine  the 
legs  to  the  tripod-head.  Under  the  center  of  the  tripod-head  should  always  be 
placed  a  small  ring,  from  which  a  plumb-bob  may  oe  suspended.  This  is  not 
needed  in  ordinary  lerelllng,  but  becomes  uselul  when  ranging  center-stakes,  Ac 

To  adjnst  a  JjeweV 

This  is  a  quite  simple  operation,  but  requires  a  little  patience.  Be  careful  to  avoid 
itraining  any  of  the  screws.  The  large  Y  uuts  w  w  sometimes  require  some  force  to 
itart  them ;  but  it  should  be  applied  by  pressure,  and  not  by  blo\\  s.  Before  begin- 
ning to  a4ju8t,  attend  to  the  object-glass,  aB  directed  in  the  first  sentence  under  **  To 
AiUnst  a  plain  tninsit,"  p.  191. 

Three  adjustments  are  necessary ;  and  must  be  made  in  the  following  order : 

First,  tbat  of  tbe  crfMS-batrs ;  to  secure  that  their  intersection  shall 
continue  to  strike  tbe  same  point  of  a  distant  object,  while  the  telescope  is  being 
turned  round  a  complete  revolution  in  its  Ys.  This  is  called  adjusting  the  line 
«f  eollimation,  or  sometimes,  the  line  of  tight;  but  it  Is  not  strictly  the  line 
of  sight  until  all  the  adjustments  are  finished;  for  until  then,  the  line  of  colliir.atiou 
will  not  serve  for  taking  levelling  sights.      If  eross-iialrs  break,  see  o  1«3. 

Seeond,  tbat  of  tbe  bnbble-tnbe  DD,  to  place  it  parallel  to  the  Uoe 


yGoOgk 


THB  UEVEL.  203 

of  eollimatioo.  pFeTiomly  Myiuted ;  90  that  when  the  babble  vUDda  at  the  centre  of 
118  tube,  indicating  that  it  is  level,  we  know  that  our  sight  through  the  telescope  is 
hor.    To  replace  broken  bnbMe  tabe,  see  p  193. 

Third,  that  of  the  Ts,  by  wMch  the  telescope  and  bnbble-tnbe  are  supported ; 
uo  that  the  bnbble'tube,  and  line  of  sight,  shall  be  perp  to  the  rert  axis  of  the  instru- 
ment; so  as  to  rfmat^  hor  while  the  telescope  is  pointed  to  objects  in  dilT  directions, 
as  when  takmg  back  and  fore  sights. 

To  make  the  first  adjastment,  or  that  of  the  cross-hairs,  plant  the 
tripod /r/rtfy  upon  the  ground.  In  this  adjustment  it  is  not  necessary  to  level  the 
instmment.  C^en  the  clips  of  the  Ys;  unclamp;  draw  out  the  eve-glasa  E,  until 
the  cross-hairs  are  neen  perfectly  clear ;  sight  the  telescope  toward  some  clear  dis- 
tant point  of  an  object ;  or  still  better,  toward  some  straight  line,  whether  vert  or 
not.  Move  the  object-glass  0,  by  means  of  the  milled  head  A,  so  that  the  object  shall 
be  clearly  seen,  wlfnont  parallax,  that  is,  without  any  apparent  dancing 
about  of  the  cross-hairs,  if  the  eye  is  moved  a  little  up  or  down  or  sideways.  To 
secure  this,  the  object-glass  alone  is  moved  to  suit  different  distances ;  the  eye-glass 
is  not  to  be  chang«)(d  after  it  is  once  properly  fixed  upon  the  cross-hairs.  The  neglect 
of  parallax  is  a  source  of  f^nent  errors  in  levelling.  Clamp ;  and,  by  means  of  the 
taogent-screw  6,  bring  either  one  of  the  cross-hairs  to  coincide  precisely  with  the 
obj^;t.  Then  gently,  and  without  jarring,  revolve  the  telescope  half-way  round  in 
its  Ys.  When  this  is  done,  if  the  hair  still  coincides  precisely  with  the  object,  it  is 
in  adjnstment;  and  we  proceed  to  try  the  other  hair.  But  if  It  does  not  coincide, 
then  by  means  of  the  4  screws p,  i,  move  the  ring  which  carries  the  hairs,  so  as  to 
rectify,  as  nearly  as  can  be  jndged  by  eye,  only  oiu-half  of  the  error;  remembering 
that  the  ring  must  be  moved  in  the  direction  opposite  to  what  appears  to  be  the 
right  one ;  unless  the  telescope  is  an  inverting  one.  Then  turn  the  telescope  back 
again  to  its  former  position :  and  ^ain  by  the  tangent-screw  bring  the  cross-hair  to 
coincide  with  the  object.  Then  again  turn  the  telescope  half-way  round  as  before. 
The  hair  will  now  be  found  to  be  more  nearly  in  its  right  place,  but,  in  all  probabil- 
ity, not  precisely  so ;  inasmuch  as  it  is  difficult  to  estimate  one-half  the  error  accu- 
rately by  eye.  Therefore  a  little  more  alteration  of  the  ring  must  be  made ;  and  it 
may  be  necessary  to  repeat  the  operation  several  times,  before  the  adjustment  is 
perfect.  Afterward  treat  the  other  hair  in  precisely  the  same  manner.  When  both 
are  adjusted,  their  intersection  will  strike  the  same  precise  spot  while  the  telescope 
is  being  turned  entirely  round  in  its  Ys.  This  must  be  tried  before  the  adjustment 
can  be  pronounced  perfect ;  because  at  times  the  adjustment  of  the  second  hair, 
slightly  deranges  that  of  the  first  one;  especially  if  both  were  much  ovt  in  the  be- 
ginning. 

To  make  the  second  adjustment,  or  to  place  the  bubble-tube  parallel 
to  the  line  of  coUimation.  This  consists  of  two  dis- 
tinct adjustments,  one  vert,  and  one  hor.  The  first 
of  these  is  effected  by  means  of  the  two  nuts  m  n  on 
the  vert  screw  at  one  end  of  the  tube ;  and  the  second 
by  the  two  hor  screws  at  the  other  end,  ty  of  the  tube. 
Looking  at  the  bobble-tube  endwise,  from  I  in  tlie 
foregoing  Fig,  its  two  hor  adjuBting-ecrews  1 1  are 
seen  as  in  this  sketch.  The  ^rger  capstan-headed 
nnt  below,  has  nothing  to  do  with  the  adjustments ; 
it  merely  hold«  the  end  of  the  tube  in  its  place. 

To  make  the  vert  adjustment  of  the  bnbble-tnbe,  by  means  of  the  two  n  uts  nn.  Place 
the  telescope  over  a  diagonal  pair  of  the  levelling-screws  K  K;  and  clamp  it  tbero. 
Open  the  clips  of  the  Ys ;  and  by  means  of  the  levelliug-screws  bring  the  bubble  to 
the  center  of  its  tabe.  Lift  the  telescope  gently  out  of  the  Ys,  turn  it  end  for  end,  and 
pat  it  back  again  in  its  reversed  position.  This  being  done,  if  the  bubble  still  remniiis 
at  the  center  of  its  tube,  this  adjustment  is  in  order ;  but  if  it  moves  toward  one  end, 
that  end  is  too  high,  and  must  be  lowered ;  or  else  the  other  end  must  be  raised. 
First,  correct  half  the  error  by  means  of  the  levelling-sorews  K  K,  and  then  the  re- 
niainiug  half  by  means  of  the  two  small  c^Kitan-headed  nuts  n  n.  To  raise  the  end 
0,  first  loosen  the  upper  nut  and  then  tighten  the  lower  one;  to  do  which,  turn  each 
nut  so  that  the  near  side  moves  toward  your  right.  To  lower  it,  first  loosen  the  lower 
nut,  tiien  tighten  the  upper  one,  moving  the  tiear  side  of  each  nut  toward  your  left. 
Having  thus  brought  the  bubble  to  the  middle  again,  i^aiu  lift  the  telescope  out  of 
its  Ys ;  turn  it  end  for  end,  and  replace  it.  The  bubble  Mill  now  settle  nearer  the 
center  than  it  did  before,  but  will  probably  require  still  further  adjustment.  If  so, 
correct  half  the  remaining  error  by  the  levelling-screws,  and  half  by  the  nuts,  as  l>e- 
fore;  and  so  continue  to  repeat  the  operation  until  the  bubble  remains  at  the  center 
in  both  positions.    For  another  method,  see  **  To  adjust  the  long  l»ubble-tube,"  p  192. 

Horiaontal  adjustment  of  bubble- tube;  to  see  that  its  axis  is  in  the  same  plane 
with  that  of  the  teleeoope,  as  it  usually  is  in  new  instrameuts.    It  is  not  easily  de- 
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ranged,  except  by  blows.  Have  the  bubble-tube,  as  nearly  as  may  be,  directly  under 
tite  telescope,  or  over  the  center  of  the  bar  Y  F.  Bring  the  telescope  over  two  of  the 
levelling-screws  KK;  clamp  it  there;. center  the  bubble  with  said  screws;  turn  the 
telescope  in  its  Ys,  say  about  W  iuch,  bringing  the  bubble-tube  out  from  over  the 
center  of  the  bar,  first  on  one  side,  then  on  the  other.  If  the  bubble  stays  centered 
while  so  swung  out,  this  adjustment  is  correct.  If  it  runs  toward  opposite  ends  of  its 
tube  when  swung  out  on  opposite  sides  of  the  center,  move  the  end  (  of  the  tube  by 
the  two  horizontal  screws  1 1  until  the  bubble  stays  centered  when  the  tube  is  swung 
out  on  either  side.  If  the  bubble  runs  toward  the  Mtne  end  of  its  tube  on  both  tiden^ 
the  tube  is  nut  truly  cylindrical,  but  slightly  conical,*  so  that  if  the  telescope  is 
turned  in  its  Ys  the  bubble  will  leave  the  center,  even  when  the  horizontal  acQust- 
ment  is  correct.  It  is  known  to  be  correct,  in  such  tubes,  if  the  bubble  runs  the  aame 
didance  from  the  center  when  swung  out  the  same  distance  on  each  side. 

Having  made  the  horizontal  adjustment,  turn  the  telescope  back  in  its  Ys  until  the 
bubble-tube  is  over  the  bar.  Bepeat  the  vertical  a4justment  (p  203),  which  may  have 
become  deranged  in  making  this  horizontal  one.  Persevere  until  both  acUustments 
are  found  to  be  correct  at  the  same  time. 

To  make  tlie  third  adjiistineiit,  or  to  adjust  the  heights  of  the  Ys,  m> 
as  to  make  the  line  of  collimation  parallel  to  the  bar  V  F,  or  perp  to  the  vert  axis 
of  the  instrument.  The  other  adjustments  being  made,  fasten  down  the  clips  of  the 
Ys.  Make  the  instrument  nearly  level  by  means  of  all  four  of  the  levelling-screws 
K.  Place  the  telescope  over  two  of  the  levelling-screws  which  stand  diHgonally; 
and  leave  it  there  undamped.  Then  bring  the  bubble  to  the  center  of  its  tube,  by 
the  two  levelling-screws.  Swing  the  upper  part  of  the  instrument  half-way  around, 
so  that  the  telescope  shall  again  stand  over  the  same  two  screws ;  but  end  for  end. 
This  done,  if  the  bubble  leaves  the  center,  bring  it  half-way  back  by  the  large  cap- 
stan nuts  10,  w ;  and  the  other  half  by  the  two  levelling-screws.  Remember  that  to 
raise  the  Y,  and  the  end  of  the  bubble  over  «o,  w,  the  lower  w  must  be  loosened ;  and 
the  upper  one  tightened ;  and  vice  versa.  Now  place  the  telescope  over  the  other 
diagonal  pair  of  levelling-screws;  and  repeat  the  whole  operation  with  them.  Hay- 
1x1%  completed  it,  again  try  with  the  first  pair;  and  so  keep  on  until  the  bubble  re- 
mains at  the  center  of  its  tube,  in  every  position  of  the  telescope. 

dorrect  levelling  may  be  performed  even  if  all  the  foregmug  acfjustments  are 
out  of  order ;  provided  each  fore-sight  be  taken  at  precisely  Oie  same  distance  from 
the  instrument  as  the  back-sight  is.  But  a  good  leveller  will  keep  his  instrument  always 
in  adjustment;  and  will  test  the  a4justments  at  least  once  a  day  when  at  work.  As 
much,  however,  depends  upon  the  rodman,  or  target-man,  as  upon  the  leveller.  A  rod- 
man  who  is  careless  about  holding  the  rod  vert,  or  about  reading  the  sights  correctly, 
should  be  discharged  without  mercy. 

The  levelling-screws  in  many  instrumeii^  become  very  hard  to  turn  if  dirty.  Glean 
with  water  and  a  tooth-brush.    Use  no  oil  on  field  instruments. 

Forma  Ibr  level  note-lMM»lc9.  When  the  distance  is  short,  so  as  n6t  to 
require  two  sets  of  books,  the  followmg  is  perhaps  as  good  as  any. 

I  g'SJioll.'SSw.l^ru.l  »"■  I  i-">|«™*'l  °^  I  «"•  I 

But  on  public  works  generally  the  original  field-books  have  only  the  first  five  cols. 
After  the  gra^  have  been  determined  by  means  of  the  profile  drawn  fiiom  these, 
the  results  are  placed  in  another  book,  which  has  only  the  first  col  and  the  last  four. 
In  both  cases,  the  right-hand  page  is  reserved  for  memoranda.  The  writer  considers 
it  best,  both  with  the  level  and  with  the  transit,  to  consider  the  term  '*  Station  "  to 
apply  to  the  whole  dist  between  two  consecirtive  stakes ;  and  that  its  number  shall 
be  that  ^tten  on  the  last  stake.  Thus,  with  the  transit.  Station  6  means  the  dist 
from  stake  5  to  stake  6;  that  it  has  a  bearing  or  conrse  of  so  and  so;  and  its  length 
is  so  and  so.  And  with  the  level.  Station  6  also  means  the  dist  from  stake  6  to  stake 
0 ;  the  back-sight  for  that  dist  being  taken  at  stake  6,  and  the  fore-sight  on  stake 
6 ;  and  that  the  level,  grade,  cut,  or  fill  is  that  at  stake  6.  The  starting-point  of  the 
survey,  whether  a  stake,  or  any  thing  else,  we  call  and  mark  simply  0. 

*  This  delect  can  be  remedied  only  by  removing  the  tube  and  inserting  a  correctly- 
shaped  one,  and  this  is  best  done  by  an  instrument-maker;  but  correct  work  can 
be  done  in  spite  of  it,  thus:  Make  all  the  adjustments  as  nearly  correct  as  possible. 
Level  the  iustrument.  By  turning  the  telescope  in  its  Ys,  make  the  vertical  hair 
coincide  with  a  plumb-line  or  other  vertical  line,  and  make  a  short  continuous  knife- 
scratch  on  the  collar  nearest  the  object-glass,  and  on  the  adjoining  Y.  Lift  the  tele- 
scope out  of  its  Ys,  turn  it  end  for  end,  replace  it  in  its  Ys ;  again  bring  the  upright 
hair  vertical,  and  make  on  the  other  Y  a  scratch  coinciding  with  that  on  the  collar. 
Then,  in  levelling  or  in  adjusting,  always  see  that  the  scratch  on  the  collar  coincides 
with  that  on  the  adjoining  Y  when  the  bubble-tube  is  under  the  telescope. 
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This  rerj  xnetvil  little  instrument,  as  arranged  by  Professor  rx>cke,  of  Cincinnati,  is 
but  about  five  or  six  inches  long.  Simply  holding  it  in  one  hand,  and  looking  through 
ft  in  any  direction,  we  can  ascertain  at  once,  approximately,  what  objects  are  at  the 
same  level  with  the  eye.  E  is  the  eye  end:  and  O  the  object  end.  L  is  a  smnll 
level,  enclosed  in  a  kind  of  brass  boxing  t  g^  the  bottom  of  which  is  open,  with  a  cor- 
responding opening  under  it,  through  the  top  of  the  main  tube  E  O.  Immediately 
at  the  bottom  of  ths  small  level  L,  is  a  cross-wire,  stretched  across  said  opening,  and 
carried  by  a  small  plate,  which,  for  adjusting  the  wire,  can  be  pushed  backward  a 
trifle  by  tightening  the  screw  f,  or  pushed  forward  by  a  small  spring  within  the  box- 
ing, near  j7,  when  the  screw  t  is  loosened.  At  m  is  a  small  semicircular  mirror  a  a, 
silvered  on  the  back  m.  This  is  placed  at  an  angle  of  45*^,  and  occupies  one-half  the 
width  of  the  tube  E  0.  Through  the  forementioned  openings,  the  images  of  the 
cross-wire  and  of  the  level-bubble  are  reflected  down  on  the  unsilvered  face  a  a  of 
the  mirror,  and  thence  to  the  eye,  as  shown  by  the  single  dotted  lines  c  and  tp;  and 
when  the  instrument  is  adjusted,  and  held  level,  the  wire  will  i4)pear  to  be  at  the 
center  of  the  bubble.  At  &  is  one-half  of  a  plano-convex  lens,  at  the  inner  end  of  a 
short  tube  k  p,  which  may  be  moved  backward  or  forward  by  a  pin  n,  projecting 
tlirough  a  short  slit  in  the  main  tube.  By  this  means  the  image  of  the  cross-wire  is 
rendered  distinct ;  and  the  half  lens  must  be  moved  until,  when  viewing  an  object, 
(be  wire  shall  show  no  parallax;  but  appear  steady  against  the  object  when  the  eye 
is  slightly  moved  up  or  down.  At  each  end  of  the  tube  £  O  is  a  circular  piece  of 
plain  glass  for  excluding  dust.  , 

To  adJUMt  tlie  hand-level,  first  fix  two  precisely  level  marks,  say  fh)n\ 
50  feet  to  100  yards  apart.  This  being  done,  rest  the  instrument  against  one  of  the 
level  marks,  and  take  sight  at  the  other.  If,  then,  the  wire  does  not  appear  to  be 
precisely  at  the  center  of  the  bubble,  move  it  slightly  backward  or  forward,  as  the 
case  may  be,  by  the  screw  /,  until  it  does  so  appear. 
The  two  level  marks  may  be  fixed  by  means  of  the 
hand-level  itself,  even  if  it  is  entirely  out  of  adjust- 
ment, thus :  First,  by  the  pin  n  arrange  the  half  lens 
ilr,  so  as  to  show  the  vrire  distinctly  and  without  paral- 
lax. Then  holding  the  level  steadily,  at  any  selected 
object,  as  a,  so  that  the  wire  appears  to  cut  the  center 

of  the  bubble,  see  where  it  cuts  any  other  convenient  object,  as  h.  Then  go  to  5, 
and  from  it,  in  like  manner,  sight  back  toward  a.  If  the  instrument  is  in  adjust- 
ment, the  wire  will  cut  a;  but  if  not,  it  will  strike  either  above  it  or  below  it,  as  at  c. 
In  either  case,  make  a  mark  m,  half-way  between  c  and  a.  Then  h  and  m,  will  be  the 
two  level  marks  required.  With  care,  these  adjustments,  when  once  made,  will 
remain  in  order  for  years.  The  instrument  generally  has  a  small  ring  r,  for  hanging 
It  around  the  neck :  it  is  not  adapted  to  very  accurate  work,  but  admirably  so  for 
exploring  a  route.  The  height  of  a  bare  hill  can  be  found  by  beginning  at  the  foot, 
and  sighting  ahead  at  any  little  chance  object  which  the  cross-wire  may  strike,  as  a 
pebble,  twig,  Ac;  then  going  forward,  stand  at  that  object,  and  fix  the  wire  on 
another  one  still  forther  on,  and  so  to  the  top.  At  each  observation  we  plainly  rise 
a  height  equal  to  that  of  the  eye,  say  5^  feet,  or  whatever  it  may  be.  Whether 
going  up  or  down  it,  if  the  hill  is  covered  with  grass,  bushes,  Ac,  a  target  rod  must 
be  used  for  the  fore-sights;  and  the  constant  height  of  the  eye  may  be  regarded  as 
the  back-sight  at  each  station.  An  attachment  may  be  made  for  screwing  tlie  level 
to  a  small  ball  and  socket  on  top^  of  a  cane,  or  of  a  longer  stick,  fur  occasional  use, 
when  rather  more  accuracy  is  desired.* 

*  Price,  about  $10  or  $12;  with  abont  $3  more  for  attachable  ball  and  mcket. 
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To  ndinst  a  baflder's  plnmli- 
level,  tod;  stand  it  upon  any  two  sup- 
ports m  and  n,  and  mark  where  the  plumb- 
line  cuts  at  o.  Then  reverse  it.  placing  the 
foot  t  upon  n,  and  d  upon  »<,  and  mark  where 
the  line  now  cuts  at  c.  Half-way  between  o 
and  c  make  the  permanent  mark.  Whenever 
the  line  cuts  this,  the  feet  t  and  d  are  <m  a 
level. 


To  adjust  a  slope-insf  mment,  or  elinom^tor.  As  usually  made, 
the  bubble-tube  is  attached  to  the  movable  bar  by  a  screw  near  each  end,  and  the 
head  of  one  oi  the  screws  conceals  a  small  slot  in  the  bar,  which  allows  a  slight  vert 
motion  to  the  screw  when  loose,  and  with  it  to  that  end  of  the  tube.  Therefore,  in 
order  to  adjust  the  bubble,  this  screw  is  first  loosened  a  little,  and  then  moved  op 
or  down  a  trifle,  as  may  be  reqd.    It  is  tken  tightened  again. 
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I.ET1XI.I1VG  BT  THE  BAROMETEB. 

1.  Many  circumetancee  combine  to  render  tlie  resnlts  of  thin  kind  of  levelling  nn- 
reliable  where  great  accoracy  is  required.  This  fact  waa  moot  oouclnsiTely  proved 
by  the  obeerrations  made  by  Captain  T.  J.  Cram,  of  the  U.  8.  Coast  Snnrey.  See 
Beport  of  U.  S.  C.  S^  vol.  for  1854.  It  is  difficult  to  read  off  Arom  an  aneroid  (the 
kind  of  barom  generally  employed  for  engineering  purposes)  to  within  from  two  to 
five  or  six  ft,  depending  on  its  size.  The  moisture  or  dryness  of  the  air  affects  the 
results;  also  winds,  the  vicinity  of  mountains,  and  the  daily  atmospheric  tides, 
which  cause  incessant  and  irregular  fluctuations  in  the  barom.  A  barom  hanging 
quietly  in  a  room  will  often  vary  ^  of  an  inch  within  a  few  hours,  corresponding 
to  a  diff  of  elevation  of  nearly  100  ft.  No  forratrta  can  possibly  be  devised  that  shall 
embrace  these  sources  of  error.  The  variations  dependent  upon  temperature,  lati- 
tude,  ftc,  are  in  some  measure  provided  for ;  so  that  with  verjf  ddicaU  instruments,  a 
skil^d  observer  may  measure  the  diff  of  altitude  of  two  points  close  together,  such 
as  the  bottom  and  top  of  a  steeple,  with  a  tolerable  confidence  that  he  is  within  two 
or  three  feet  of  the  truth.  But  if  as  short  an  interval  as'even  a  few  hours  elapses 
between  his  two  observations,  such  changes  may  occur  in  the  condition  of  the  atmo- 
sphere that  he  may  make  the  top  of  the  steeple  to  be  lower  than  its  bottom ;  or  at 
leiist,  cannot  feel  by  any  means  certain  that  he  is  not  ten  or  twenty  ft  in  error;  and 
this  may  occur  without  any  prrcfpUbU  change  in  the  atmosphere.  Whenever  prac- 
ticable, therefore,  there  should  be  a  person  at  each  station,  to  observe  at  both  points 
at  the  same  time.  Single  observations  at  points  many  miles  apart,  and  made  on  d\U 
ferent  days,  and  in  different  state8  of  the  atmosphere,  are  of  little  value.  In  such 
cases  the  mean  of  many  observations,  extending  over  several  days,  weeks,  or  months, 
and  made  when  the  air  is  apparently  undisturbed,  will  give  tolerable  approximations 
to  the  truth.  In  the  tropics  the  range  of  the  atmospberic  pres  is  much  less  than 
in  other  r^ous,  seldom  exceeding  )j|  inch  at  any  one  spot ;  also  more  regular  in 
time,  and,  therefore,  less  productive  oferror.  Still,  the  barometer,  especially  either 
the  aneroid,  or'  Bourdon's  metallic,  may  be  rendered  highly  useful  to  the  civil  engi- 
neer, in  cases  where  great  accuracy  is  not  demanded.  By  hurrying  from  point  to 
point,  and  especially  by  repeating,  he  can  form  a  judgment  as  to  which  of  two  suia- 
mlts  is  the  lowest.  Or  a  careful  observer,  keeping  some  miles  ahead  of  a  surveying 
party,  may  materially  lessen  their  labors,  especially  in  a  rough  country,  by  select- 
ing the  'general  route  for  them  in  advance.  The  accoants  of  the  agreement  within 
a  few  inches,  in  the  measurements  of  high  mountains,  by  diff  observers,  at  diff 
periods ;  and  those  of  ascertaining  accurately  the  grades  of  a  railroad,  by  means  of 
an  aneroid,  while  riding  in  a  car,  will  be  belie  vedby  those  only  who  are  ignorant 
of  the  subject.    Such  results  can  happen  only  by  chance. 

When  possible,  the  observations  at  different  places  should  be  taken  at  the  same 
time  of  day,  as  some  check  upon  the  effects  of  the  daily  atmospheric  tides ;  and  in 
very  important  cases,  a  memorandum  should  be  made  of  the  year,  month,  day,  and 
hour,  as  well  as  of  the  state  of  the  weather,  direction  of  the  wind,  latitude  of  thu 
place,  Ac,  to  be  referred  to  an  expert,  if  necessary. 

The  eflReetn  of  latlinde  are  not  included  in  any  of  our  formulas.  When 
reqd  they  may  be  found  in  the  table  page  209.  Several  other  corrections  must  be 
made  when  great  accuracy  is  aimed  at ;  out  they  require  extensive  tables. 

In  rapid  railroad  exploring,  however,  such  refinements  may  be  neglected,  inas- 
much as  no  approach  to  such  accuracy  is  to  be  expected }  but  on  the  contrary,  errors 
of  from  1  to  10  or  more  feet  in  100  of  height,  will  frequently  occur. 

A«  a  very  roa||rl>  averaire  we  may  assume  that  the  barometer  fails  ^ 
inch  for  every*  90  feet  that  we  ascend  above  the  level  of  the  sea,  up  to  1000  ft  But 
iu  fJKct  its  rate  of  fall  decreases  continually  as  we  rise ;  so  that  at  one  mile  high  it 
falld  ^  inch  for  about  106  ft  rise.    Table  2  shows  the  true  rate. 
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^gp  aseertain  tlie  dlflT  of  height  between  two  points. 

Bulb  1.    Take  xeadiug&of  the  barom  and  therm  (Fah)  in  tbe  sliacie  at  both 

stations.  Add  together  the  two  readings  of  the  barom,  and  div  their  sum  by  2,  for 
their  mean ;  which  call  b.  Do  the  same  with  the  two  readings  of  the  thermom,  and 
call  the  mean  t.  Subtract  tlie  least  reading  of  the  barom  from  the  greatest ;  and  call 
the  diff  (2.  Then  mult  together  this  diff  d;  the  number  from  the  next  Table  No.  1, 
opposite  t ;  and  the  consUnt  number  30.    Div  the  prod  by  b.    Or 

Ileight      Diff  (d)  of  ^  Tabular  number  opposite  v^  fi««,*-„«.  on 
iu  feet  ^     barom      ^       mean  (Q  of  thermom      X  i^onatftPt  ^^v. 

mean  {b)  of  barom. 
ExAMPLS.    Reading  of  tlie  barom  at- lower  station,  26.64  ins;  and  at  the  upper 
Bta  20.82  ins.    Thermom  at  lowest  sta,  70^;  at  upper  sta,  4AP.    What  is  the  diff  in^ 
height  of  tbe  two  stations  ?    Here, 

Barom,  26.64  Therm,  7(P 

"       20.82  *•       40O 

— .  Also,  — 

2)47.46  2)110 

23.73  mean  of  bar,  or  b,  669  mean  of 

therm,  or  t. 
The  tabular  number  opposite  55°,  is  917:2. 
Bar.       Bar. 
Again,  26.64  —  20.82  =  6.82,  diff  of  bar ;  or  d.    Hence, 
d.      Tab  No.  Con. 
Height _  5.82  X  917.2  xao  .  160143.12  ^  0748.6  ft;  answer, 
in  feet  23.78  (or  6)      ""      23.73 

Then  correct  fbr  latitude,  if  more  accuracy  is  reqd,  by  rule  on  next  page. 
The  serew  at  the  back  of  an  aneroid  is  for  adjusting  the  index  by  a  stand- 
ard barom.  After  this  has  l>eeu  dune  it  must  by  no  means  be  meddled  with.  Iu 
some  instruments  specially  made  to  order  with  that  intention,  this  screw  may  be 
used  also  for  turning  the  index  back,  after  liaving  risen  to  an  elevation  so  great  that 
the  index  has  reached  the  extreme  limit  of  the  graduated  arc.  After  thus  turning 
it  back,  the  indications  of  the  index  at  greater  heights  must  be  added  to  that  at- 
tained when  it  was  turned  back. 

TABUB  1.    For  Bale  1. 


Hean 

Mean 

Mean 

Mean 

of 

No. 

of 

No. 

of 

No. 

of 

No. 

Tber. 

Ther. 

Tbor. 

Tber. 

(P 

801.1 

80° 

884.4 

60° 

927.7 

90° 

901.0 

1 

803.2 

31 

866.5 

61 

929.8 

91 

993.1 

2 

805.8 

82 

868.6 

62 

981.9 

92 

995.2 

S 

807.4 

88 

870.7 

68 

934.0 

98 

997.8 

* 

800.6 

84 

872.8 

«4 

986.1 

94 

990.4 

6 

811.7 

86 

874.9 

65 

938.2 

95 

10014 

8 

813.8 

86 

877.0 

66 

940.8 

96 

1003.7 

t 

815.9 

.17 

879.2 

67 

942.4 

97 

1006.8 

8 

818.0 

88 

881.8 

66 

944.6 

98 

100T0 

9 

820.1 

89 

«83,4 

69 

946.7 

99 

1010.0 

10 

822.2 

40 

885.4 

70 

948.8 

JOQ 

1018.1 

11 

824.8 

41 

887.5 

71 

996.9 

101 

1014.2 

u 

826.4 

«t 

889.6 

72 

868.0 

102 

1016.8 

IS 

828.6 

48 

891.7 

78 

056.1 

m 

1018.4 

14 

830.6 

44 

893.8 

74 

967.2 

,i» 

1080.6 

IS 

8S2.8 

46 

896.0 

78 

900.8 

1022.T 

16 

834.9 

46 

898.1 

76 

961.4 

106 

1024.8 

17 

837.0 

47 

900.3 

77 

068.6 

107 

1026.9 

18 

8S9.1 

48 

902.3 

78 

965.6 

106 

1029.0 

19 

841.2 

49 

904.6 

79 

967  7 

109 

1031.1 

20 

843.8 

60 

906.6 

80 

969.9 

110 

1088.2 

'21 

845.4 

51 

908.7 

81 

972.0 

IU 

1086.8 

n 

847.5 

52 

910.8 

82 

974.1 

112 

1037.4 

23 

849.6 

53 

913.0 

83 

976.2 

118 

1038.6 

24 

851.8 

5* 

916.1 

84 

978.8 

114 

1041.6 

25 

853.9 

56 

917.2 

86 

9H0.4 

116 

1048.8 

28 

856.0 

66 

919.3 

86 

982.6 

116 

1046.9 

27 

858.1 

67 

921.4 

87 

964.7 

117 

1048.0 

29 

860.2 

68 

923.5 

88 

986.8 

118 

1060.1 

29 

862.3 

60 

926.6 

89 

988.9 

119 

1061.2 
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RuLK  2.  Belville'fl  sliort  Approx  rule  is  the  one  best  adapted  to  rapid 
field  use,  namely,  add  together  the  two  readings  of  the  barom  only.  Also  find  the 
diff  between  said  two  rcadines;  then,  as  the  Bnm  of  tlie  two  rentflng^M 
is  to  tlieir  dlff,  so  is  55000  tieet  to  the  reqd  altitude. 

Correction  for  latitude  is  usually  omitted  where  great  accuracy  is  not 
required.  To  apply  it,  first  find  the  altitude  by  the  rule,  as  before.  Then  divide  it 
by  the  number  in  the  following  table  opposite  the  latitude  of  the  place.  (If  the  two 
places  are  in  different  latitudes,  use  their  mean.)  Add  the  quotient  to  the  altitude 
if  the  latitude  is  Um  tlian  4.§°.  fmbtrael  it  if  the  latitude  is  more  than  46P.  No  cor- 
rection required  for  latitude  45°. 


Table  of  eorreetions 

tor  latitude. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Lat. 

Oo 

352 

14° 

899 

283 

630 

430 

3367 

540 

1140 

68O 

490 

» 

S54 

16 

416 

30 

705 

44 

lOlOl 

56 

941 

70 

460 

4 

856 

18 

436 

S3 

804 

45 

00 

58 

804 

73 

696 

6 

S(W 

20 

460 

34 

941 

46 

lOlOl 

60 

705 

74 

416 

8 

867 

Ti 

4M 

36 

1140 

48 

3367 

62 

6S0 

76 

899 

10 

375 

24 

627 

38 

1458 

50 

3028 

64 

572 

78 

886 

IS 

386 

26 

572         40 

2038 

58 

1458 

C6 

527 

80 

875 

liovellinir  l>y  Bavoiiieter;  or  by  tlie  boiling  point. 

Bulk  8.  The  following  table.  No.  2,  enables  ns  to  measure  heights  either  l^  means 
of  boiling  water,  or  by  the  barom.  The  third  column  shows  the  approximate  alti- 
tude above  8ea4eTel  corresponding  to  diff  heights,  or  readings  of  the  barom ;  and  to 
the  diff  degrees  of  Fahrenheit's  thermom,at  which  water  boils  in  the  open  air.  Thus 
when  the  barom,  under  undisturbed  conditions  of  the  atmosphere,  stands  at  24.08 
inches,  or  when  pure  rain  or  distilled  water  boils  at  the  temp  of  201°  Fah ;  the  place 
is  about  5764  ft  above  the  level  of  the  sea,  as  shown  by  the  table.  It  is  therefore 
very  easy  to  find  the  diff  of  altitude  of  two  places.  Thus :.  take  out  from  table  No  2, 
the  altitudes  opposite  to  the  two  boiling  temperatures ;  or  to  the  two  barom  readings. 
Subtract  the  one  opposite  the  lower  reading,  from  that  opposite  the  upper  reading. 
The  rem  will  be  the  reqd  height,  as  a  rwigh  approximation.  To  correct  this,  add 
together  the  two  thevm  readings ;  and  div  the  sum  by  2,  for  their  mean.  From  table 
for  temperature,  p  211,  takeout  the  number  opposite  this  mean.  Mult  the  ap- 
proximate height  just  found,  by  this  tabular  number.    Th^x  correct  for  lat  if  reqd. 

Ex.  The  same  as  preceding ;  namely,  barom  at  lower  sta,  26.64 ;  and  at  upper  sta. 
20.82.  Tbermom  at  lower  sta,  TOP  Pah ;  and  at  the  upper  one,  40°.  What  is  the  dUT 
of  height  of  the  two  stations  ? 

Alt. 

Here  the  tabular  altitudes  are,  for  20.82 9579 

and  for  26.64 8115 

6464  ft,  approx  height. 
70°  -t-  40°       llOP 
To  correct  this,  we  have  — J =  -^-  =  65°  mean ;  and  in  table  p  211,  opp  to 

65°,  we  find  1.048^    Therefore  6464  X  1-048  =  ff774  ft,  the  reqd  height. 

This  is  about  26  ft  more  than  by  Rule  1  ;  or  nearly  .4  of  a  ft  in  each  100  ft 

At  70°  Fah,  pure  water  will  boil  at  1°  less  of  temp,  for  an  average  of  about  550  ft 
of  elevation  above  sea-level,  up  to  a  height  of  U  a  mile.  At  the  height  of  1  mile,  1° 
of  boiliug  temp  will  correspond  to  about  560  ft  of  elevation.  In  table  p  210  t.lio 
mean  of  the  temps  at  the  two  stations  is  assumed  to  be  32°  Fah  ;  at  which  no  correc- 
tion for  temp  is  necessary  in  using  the  table;  hence  the  tabular  number  opposite 
32°,  in  toble  p  211,  is  1. 

This  difif  produced  in  the  temp  of  the  hailing  pointy  by  change  of  elevation,  must 
not  be  confounded  with  that  of  the  atmosphere^  due  to  the  same  cause.  The  air  be- 
comes cooler  as  we  ascend  above  sea-level,  at  the  rate  (very  roughly)  of  about  1°  Fah 
for  every  200  ft  near  sea-level,  to  350  ft  at  the  height  of  1  mile.    See  "  Air,"  p  215. 

The  follOwiiiCT  table,  No.  2,  (so  far  as  it  relates  to  the  barom.)  was  de- 
dnced  by  the  writer  from  the  standard  worl;  on  the  barom  by  Lieut.-Col.  R.  S.  Wil- 
liamson, U.  8.  army.* 

•  Pnbllahed  by  permiuion  of  Government  in  1868  by  Yan  Noitrand,  N.  T. 
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TABI^i:  2. 
lievelliniir  by  Barometer;  or  by  the  boillnip  poiut. 

Assumed  temp  in  the  shade  ^29  Fah.    If  not  32*^,  mult  barom  alt  as  per  Table,  p  211 


Boil 

Altitude 

Boil 

AlUtade 

BoU 

Altitude 

Boil 

Aiatnd* 

poiDt 

Baxom. 

above 

poiot 

Barom. 

above 

point 

Barom. 

above 

point 

Barom. 

above 

Indeg 

•ea  level 

iDdeg 

sea  level 

indeg 

■ea  level 

indeg 

sea  level 

Fah. 

Ids. 

Peet. 

Fab. 

Int. 

Feet. 

Fab. 

In«. 

Peet. 

Kah. 

Ins. 

Feet. 

1840 

16.79 

15221 

.8 

19.66 

noes 

.6 

22.98 

7048 

.9 

2650 

8164 

.1 

16.88 

15159 

.4 

19.7U 

11029 

.7 

22.98 

6991 

206 

26.64 

8115 

.2 

16.86 

15112 

.5 

19.74 

10976 

.8 

23.02 

6945 

.1 

26  69 

8066 

.8 

16.90 

15050 

.6 

19.78 

10028 

4) 

at; 

6888 

J» 

26.75 

8007 

A 

16  93 

15008 

.7 

19.82 

10870 

199 

6843 

J 

26.80 

2958 

.5 

16  97 

14941 

.8 

19.87 

10804 

,1 

28.16 

6786 

.4 

9686 

2899 

.6 

17.00 

14895 

.9 

19.92 

10738 

.2 

23.21 

6729 

.5 

96.91 

2850 

.T 

17  04 

14888 

192 

19.96 

10685 

.8 

23.26 

6673 

.6 

26.97 

2792 

.8 

17.08 

147T2 
14710 

.1 

20.00 

10633 

.4 

23.31 

6617 

.7 

27.02 

2743 

.9 

17.12 

.2 

20.05 

10567 

.6 

23.36 

6560 

.8 

27.08 

2685 

18S 

17.16 

14649 

.8 

20.10 

10508 

.6 

28.40 

6616 

.9 

27.18 

2687 

.1 

17.20 

14688 

.4 

90.14 

10450 

.7 

28  46 

6460 

207 

27.18 

258B 

.t 

17.23 

14548 

.5 

20.18 

10398 

.8 

23.49 

6415 

.1 

27.28 

2540 

Ji 

17.27 

14482 

.6 

20.22 

10346 

.9 

23  64 

6369 

.2 

27.29 

2488 

A 

17.81 

1U21 

.7 

J0.27 

10281 

200 

28  69 

fSi 

.8 

27.34 

2485 

A 

17^ 

14861 

.8 

20,31 

10230 

.1 

23  64 

.4 

27.40 

23n 

.6 

i7je 

14tl6 

J» 

19.85 

lom 

.2 

28  69 

6193 

.5 

27.46 

2329 

.7 

17.42 

14255 

193 

20.39 

10127 

.8 

28.74 

6137 

.6 

27.51 

2278 

^ 

1^.46 

14195 

.1 

20.48 

10075 

.4 

28.79 

6062 

.7 

27.56 

8224 

.» 

17^ 

14135 

.2 

20.48 

10011 

.5 

28  64 

6027 

.8 

27.62 

2167 

186 

17.54 

14075 

3 

20.58 

9947 

.6 

28.89 

5972 

.9 

27.67 

2120 

.1 

17.58 

14015 

.4 

20.57 

9896 

.7 

23.94 

5917 

208 

27.78 

2068 

.2 

17.62 

18906 

.5 

20.61 

9845 

.8 

28.98 

6874 

.1 

27.78 

2016 

A 

17.66 

13896 

.6 

20.65 

9794 

.9 

24.03 

6819 

.2 

27.84 

1959 

A 

17.70 

18887 

.7 

90.60 

9748 

201 

24.08 

6764 

4 

27.89 

1918 

.5 

17.74 

18T» 

.8 

SB 

9698 

.1 

24.18 

5710 

.4 

!I»* 

185C 

.6 

17.78 

18718 

.9 

9642 

.2 

24.18 

5666 

.5 

28.00 

1809 

•T 

lt.82 

18680 

194 

20.82 

9679 

.8 

24.28 

6602 

.6 

28.06 

1758 

.8 

17.86 

18801 

.1 

90.87 

9516 

A 

24.28 

6647 

.7 

28.11 

1706 

^ 

17.90 

13542 

.8 

20.91 

9466 

.6 

24.88 

5494 

.8 

28.17 

16M 

187 

17.98 

18486 

.3 

20.96 

9408 

.6 

24.88 

5440 

.9 

28.28 

1695 

.1 

17.97 

13440 

.4 

21.00 

9353 

.7 

24.43 

6386 

209 

28.29 

1589 

.t 

18.00 

13896 

.5 

81.05 

9291 

.8 

24.48 

5832 

.1 

28.85 

1488 

J 

18.04 

18888 

S 

21.09 

9241 

.9 

24.58 

6279 

.2 

28.40 

1487 

.4 

18.06 

18980 

.1 

21.14 

9179 

202 

94.58 

6225 

.8 

28.46 

1391 

.5 

18.12 

13222 

.8 

21.18 

9130 

.1 

24.63 

5172 

.4 

28.51 

1336 

.« 

1816 

18164 

.9 

21.22 

9060 

.2 

24.68 

5119 

.5 

28.56 

1290 

.7 

18.20 

18106 

195 

81.26 

9081 

J» 

24.78 

5066 

.6 

28.62 

1286 

.8 

18.24 

13049 

.1 

21.31 

8869 

.4 

84.78 

5018 

.7 

28.67 

1189 

.9 

18.28 

12991 

.2 

21.35 

8920 

.5 

24.83 

4960 

.8 

28.78 

1134 

188 

18.32 

12984 

.3 

21.40 

8869 

.6 

24.88 

4907 

.9 

28.79 

1079 

.1 

18.36 

12877 

.4 

21.44 

8810 

.7 

24.96 

4856 

210 

28.85 

1026 

.2 

18.40 

12820 

.5 

21.49 

8749 

.8 

84.98 

4802 

.1 

28.91 

970 

J 

18.44 

12763 

.6 

21.53 

8700 

.9 

26.03 

4750 

.2 

28.97 

916 

A 

18.48 

12706 

.7 

21.68 

8638 

203 

26.08 

4697 

Ji 

29.03 

868 

.6 

18.68 

12649 

.8 

21.62 

8590 

.1 

26.13 

4645 

A 

29.09 

806 

.6 

18.66 

12593 

.9 

21.67 

8630 

.2 

25.18 

4593 

.5 

29.15 

754 

.7 

18.60 

18686 

196 

21.71 

8481 

.8 

25.23 

4541 

.6 

29.20 

769 

.8 

18.64 

12480 

.1 

21.76 

8421 

.4 

26.28 

4489 

.L 

29.26 

664 

.9 

18.68 

18424 

.2 

21.81 

8861 

.5 

26.88 

4437 

.8 

29.81 

610 

189 

18.72 

12367 

.8 

21.86 

^ 

.6 

26.38 

4386 

.9 

29.86 

565 

.1 

18.76 

12811 

.4 

21.90 

.7 

26.48 

4334 

211 

29.42 

512 

.2 

18.80 

12256 

.5 

21.95 

8193 

.8 

25.49 

4272 

.1 

29^ 

458 

.8 

18.84 

12200 

.6 

2199 

8145 

.9 

26JS4 

4221 

.2 

29,54 

405 

.4 

18.88 

12144 

.7 

J2.04 

8086 

204 

25.69 

4169 

.8 

29.00 

858 

.5 

18.99 

12089 

.8 

22.08 

8038 

.1 

26.64 

4118 

.4 

29.65 

808 

.« 

18.96 

11088 

.9 

29.18 

7979 

.2 

25.70 

4067 

.6 

29.71 

256 

.7 

19.00 

11978 

197 

22.17 

7932 

.3 

25.76 

8996 

.6 

29.77 

208 

.8 

19.04 

11923 

.1 

22.22 

7878 

.4 

25.81 

3945 

.7 

29  88 

149 

.9 

19.08 

11868 

.2 

22.27 

7814 

.5 

26.86 

3894 

.8 

29.88 

106 

190 

19.18 

11799 

.8 

22.82 

7765 

.6 

28.91 

8844 

.9 

29.94 

52 

.1 

19.17 

11745 

.4 

22.36 

7708 

.7 

26.96 

8703 

212 

80.00 

sealer^O 

.2 

19.21 

11600 

.5 

22.41 

7649 

.8 

26.01 

8742 

B 

elowsea 

level. 

.8 

19.25 

11635 

.6 

22.45 

7602 

.9 

26.06 

3692 

.1 

30.06 

-52 

.♦ 

19.29 

11581 

.7 

22.50 

7644 

206 

26.11 

3642 

.2 

80.12 

-104 

.6 

19.38 

11527 

.8 

22.54 

7498 

.1 

26.17 

8582 

.8 

«L18 

-156 

.6 

19.87 

11472 

J» 

22.59 

7439 

.2 

26.22 

8582 

.4 

80.24 

—209 

.7 

19.41 

11418 

196 

22.64 

7381 

.3 

26.28 

8472 

.5 

SliS 

-2il 

.8 

19.45 

11364 

.1 

22.69 

7324 

.4 

KM 

8422 

.6 

—804 

.9 

19.49 

11810 

.2 

22.74 

7286 

.5 

26.88 

8872 

.7 

80.41 

—866 

191 

19.54 

11948 

.8 

29.79 

7208 

.6 

26.48 

8K82 

.8 

80147 

—406 

.1 

19.58 

11190 

.4 

22.84 

7151 

.7 

26.48 

8273 

.9 

80.68 

—459 

.8 

19.62 

11186 

.5 

22.89 

7098 

.8 

26.64 

8813 

218 

tUM 

-611 
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Oorveetlons  f»r  tempenttnre;  t4»  he  niied  in'C«nii««tion  witli 
Rale  3,  wlieift  fprenier  aecnrney  Is  nece»iM«ry«  Also  in  con- 
neetion  witli  Table  2  wben  t.be  temp  is  not,  »2^. 


Mean 

Mean 

Mean 

Mean 

temp 

Mult 

temp 

Molt 

temp 

Mult 

temp 

Mult 

in  the 

by 

in  the 

by 

in  the 

by      In   the 

by 

shade. 

shade. 

ihade. 

[shade. 

Zero. 

.933 

28'' 

.992 

66° 

1.050 

840 

1.108 

20 

.937 

30 

.996 

58 

1.054 

86 

U12 

4 

.942 

32 

1.000 

60 

1058 

88 

1.U7 

6 

.946 

34 

1.004 

62 

1.062 

90 

1.121 

8 

.950 

36 

1.008 

64 

1.066 

92 

L125 

10 

.954 

38 

imz 

66 

1.071 

94 

1.129 

12 

.958 

40 

1.016 

68 

1.076 

96 

1.133 

14 

.962 

42 

1.020 

70 

1.079 

98 

1.138 

16 

.967 

44 

1.024 

72 

1.083 

100 

1.142 

18 

.971 

46 

1.028 

74 

1.087 

102 

1.146 

ao 

.975 

48 

1.032 

76 

1.091 

104 

1.150 

22 

.979 

50 

1.036 

78 

1.096 

106 

1.154 

24 

.9S3 

52 

l.(Ml 

80 

1.100 

108 

1.168 

26 

.987 

54 

li>46 

82 

1.104 

110 

1.163 

SOUND. 


Tl&e  -reloeltjr  of  sound  in  quiet  open  air,  has  been  experimentally  deter- 
mined to  be  Tery  approximately  1090  feet  per  second,  when  the  temperature  i«  at 
frerzing  point,  or  'iz°  Vabfienheit.  For  every  degree  Fahrenheit  of  increase  of 
temperature,  the  velocity  increases  by  from  V^  foot  to  l^  feet  per  second,  accordinic 
to  different  authorities.  Taking  the  increase  at  1  foot  per  second  for  each  degree 
(which  agrees  closely  with  theoretical  calculations),  we  have 

at  ^ 


30°  Fahr  1030  feet 

per  sec  --  0.1951  mile 

per  sec 

—  ] 

mile  in  5.13  seconds. 

20° 

•• 

lOM 

« 

•' 

—  0.1970 

»* 

*• 

Bl 

♦* 

5.08 

tt 

10° 

a 

1050 

(> 

u 

=  0.1989 

« 

« 

,m=  ' 

*< 

5.03 

{( 

0 

« 

HMJO 

*« 

*• 

—  0.2008 

u 

a 

>» 

tt 

4.98 

tt 

10° 

w 

1070 

w 

<i 

—  0.2027 

it 

M 

«« 

« 

^.93 

a 

20O 

tt 

1080 

(( 

« 

=■  0.2046 

tt 

tt 

—=  ' 

M 

4.88 

tt 

82° 

u 

1(192 

ti 

a 

—  0.2068 

tt 

tt 

mm 

U 

4.83 

u 

40O 

u 

1100 

u 

u 

—  0.2083 

tt 

u 

ESI ; 

U 

4.80 

*i 

60° 

u 

1110 

<i 

t* 

—  0.2102 

tt 

tt 

cs>  ' 

tt 

4.78 

t* 

eop 

« 

1120 

M 

« 

—  0.2121 

*t 

tt 

■i-  ' 

u 

4.73 

u 

709 

«< 

1130 

U 

u 

—  0.2140 

« 

t* 

«B ; 

« 

4.68 

u 

8UP 

u 

1140 

u 

u 

—  0.2159 

M 

tt 

aa ; 

tt 

4.63 

u 

90° 

** 

1150 

u 

u 

—  0.2178 

tt 

« 

BS 

tt 

4.59 

u 

100° 

i< 

1160 

<« 

u 

-=  0.2197 

tt 

u 

>a.   ' 

u 

4.65 

tt 

lioo 

u 

1170 

u 

M 

—  0.2216 

t* 

tt 

B>  ' 

tt 

4.61 

tt 

120° 

u 

1180 

tc 

u 

—  0.2235 

tt 

tt 

— : 

tt 

4.47 

tt 

If  the  air  is  calm,  fog  or  rain  does  not  appreciably  affect  the  result ;  but  winds  do. 
Very  loud  sounds  appear  to  travel  somewhat  faster  than  low  onex.  The  watchword 
of  sentinels  has  been  heard  across  still  water,  on  a  calm  night,  \Qi%  miles ;  and  a 
cannon  20  miles.  Separate  sounds,  at  intervals  of  -j^  of  a  second,  cannot  be  distin- 
guished, but  appear  to  be  connected.  The  distances  at  which  a  speaker  can  be 
uudersto  d,  in  front,  on  one  side,  and  behind  him,  are  about  ab  4,  3,  and  1. 

Dr.  Charles  M.  Cresson  informs  the  writer  that,  by  repented  trials,  he  found  that 
in  a  Philadelphia  gas  muin  20  inches  diameter  and  16000  feet  long,  laid  and  covered 
in  the  earth,  but  empty  of  gas,  and  having  one  horizontal  bend  of  y0°,  and  of  40  feet 
radius,  the  sound  of  a  pistol-shot  travelled  16000  feet  in  precisely  16  seconds,  or  1000 
feet  per  second.  The  arrival  of  the  sound  was  barely  audible ;  but  was  rendered 
very  apparent  to  the  eye  by  its  blowing  off  a  diaphragm  of  tissue-paper  placed  over 
tli«  end  of  the  main. 

Tiro  boats  aucbored  some  distance  apart  may  serve  m  a  base  line  for 
tiiangulating  objects  along  the  coast;  the  distance  between  them  being  first  found 
by  firing  guns  on  board  one  of  them. 

In  water  tlfts  yrmkoelty  is  about  4708  feet  per  second,  or  about  4  times  that 
in  sir.  In  woods,  it  is  from  10  to  16  times ;  and  in  metalSy  from  4  to  16  Umes 
greater  than  in  air,  according  to  some  authorities. 
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Approximate  expansion  of  solids  by  heat:  and  tbeir  m^^ 
ins  fkointft  by  Fahrenlieit'M  tlierniottieter.  { 


fire-tMiek.... 

Granite 

Glass  rod  .... 

Glaas  tnbe... 

'•      erown-. 


Platioa 

Marbk),  granalar,  white,  dry.. 

"  ."  "     moift. 

*'  *   Ua<^  eompact 

AotinHMiy    

Cast  iron 

Siate 

Steel 

"    blistered 

"    ontempered 

"    tempered  jellow 

"    bardeoed 

**    annealed 

Iron,  rolled 

"    soft,  forged 

*'    wire 

BisiDOtb 

Gold,  annealed 

Copper average 

SandHtone'l'. 

Brass average 

*'    wire 

Snver 

Tin 


average 

average 

Pewter 

Zinc  (most  of  all  metals). 

White  pine. 


for  1  degree. 


1  part  in 


187560 

228060 
221400 
214200 
211500 
20»700 
S08800 
173000 
ISBOOO 
405000 


16200011 
173000 
15ia)0 
159840 
167400 
131400 


147800 


61920 

440530 


H  inch  in 
3804  ft. 
1954 
2375 
2306 
2231 
2203 
2184 
2175 
1802 
1333 
4219 
1722 
1688 
1802 
1575 
1665 
1744 
1369 
1530 
1537 
1562 
1536 
1524 
1350 
1282 
1088 
1076 
1018 

981 

990 

915 

658 

821 

645 
4588 


X'or  180  desrees.* 

Meltiog 
point 

1  part  in 

H inch  in 

inDeg.: 

3029 

%. 

1042 

l'i67 

1280 

1190 

1K5 

1165 

1160 

4608 

961 

^ 

^ 

955 

1920  to 

9S1 

2800 

810 

2370  to 

888 

>*M« 

2550 

9S0 

9.69 

7S0 

7.60 

96 

8.50 

820 

8.54 

m 

8.68 

8000  to 

m 

8.53 

S500 

813 

855 

720 

7.50 

506 

684 

7.12 

2016 

580 

6.04 

2000 

574 

5.98 

543 

S.66 

187B 

523 

6.45 

528 

5.50 

1861 

488 

5.08 

444 

351 

S.66 

612 

438 

4.56 

S44 

8.58 

680  torn 

2447 

25.49 

Meat  of  a  oommon  w<»o4-llre,  vnrionsly  eatimated  fH>m  800  to  1140  deg .   That  of  a  tikmrtmtd 

•ne  about  2200^  :  eoal  about  2400°. 

£aeli  12°  to  15°  of  lieat  produce  in  wrot  iron  an  expansion  eqnal  to 
that  produced  hj  a  tension  of  about  1  ton  per  aq  ineh  of  section ;  varying  with  the  quality  of  the  iron. 

For  temperature,  expansion,  conducting  power,  Ac,  of  air,  see  p  215. 


•  By  adding  -^^r  part  to  the  lengths  in  the  two  eols  under  IBQ^,  we  get  the  lengths  eorrespondlog  to 
a  number  of  degrees  -A  less  than  1.80^ ;  or  to  163° .63  deg}  which  may  be  taken  as  about  the  extremes 
of  temp  in  the  oolder  portions  of  the  United  States.  In  the  lliddle  Sutes  the  extremes  nurelj  reach 
135°,  or  %  part  less  than  180O. 

No  dependence  whatever  Is  to  be  placed  on  results  obtained  by  TTedgewood's  pyrometer. 

t  Tbe  table  shows  that  the  contraction  and  expansion  of  stone  will  caose 

^ken  joints  in  winter ;  and  orusbing  or  tbe  mortar  in  summer,  nt  tbe  ends  of  long  ooping-stones. 

t  The  uielUnK  points  are  qnite  nncertaln.    We  give  the  mean  of 

the  best  nntborities.  Assuming  that  with  a  change  of  temp  of  about  163=^,  wrought  iron  will  alter  its 
length  1  part  in  916 ;  this  in  a  mile  amounts  to  5.764  ft,  or  about  5  ft  9><  ins ;  and  in  100  ft  to  .100  of  a 
foot:  or  IH  ins:  so  that  a  diff  of  a  ft,  or  more,  can  readily  result  from  measuring  a  mile  in  winter 
and  in  summer  with  the  same  ehais ;  and  a  25  ft  rail  will  change  its  leagtli  fbtt  K  of  an  iaeh. 

*  Hence  wronsltt  at|W<e  ^J  beat  about  one  eleventh  i>art  mere  \)i«a  oaa;  vliveaa  ander 
tension  withiu  elastic  limits  cast  stretches  twice  as  uuQh  as  wrt. 
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Bdow  ftbovt  Kf*  bddw  cero  «r  Fnh.  the  mercurial  thermometer  and  haromeler  heoome  too  irregalar  t« 
be  d^MDded  on.  Mer««r7b«ctMltafree«eataho«i— 40°Pah.  Below — tO^  pure  alcohol Tiuied. 

To  cliaiiire  deifi^^cs  of  Fahrenheit  to  the  eorrespondiiiir  de- 
crees of  Centisrade;  take  a  Fab  reading  32°  lower  than  the  ^iven  one;  mult 
SU  lower  reading  by  5 :  divide  the  prod  by  ».  Thua :  +UO  Fah  =  (14  —32)  X5-r9  =  — 18X5t9= 
—10°  Gent.     Again,  —UP  Fab  =  (~1S  — S2)  X  5<f>»=  — 45  X  b'i'9  =  —'2bP  Cent. 

To  eliau§^  Fah  to  R^au ;  take  a  Fah  reading^  32P  lowrr  than  the  gWen 
one;  mult  tbia  lower  reading  br  4 ;  div  the  prod  bj  ».  Thus:  ^f  14°  Kab=;(14— SS)  X  4t«  =  — 18X 
4t9=  — 8P  B&iU.    Again,  —13°  Fah  =  (— 18  —32)  X  4t9  =  — 45  X  4-p»=  —20°  R^a. 

To  eliangro  Cent  to  Fata;  malt  the  Gent  rending  bv  Q;  divide  by  5.  Take  a 
Fah  reading  S'iP  higher  than  the  qaot.    Thus :  4-10°  Cent  =  (10  X  » -r  5)  -^i  =  18  +82  =  +60°  Fah. 


Again,  — too  Oent=  (-20  X  9  T  6) -M2  =  — 40  Fail. 
jnt=- 

Fa 

higher,   Thos:  ^16°  Ib^a  =  aeX»+4)  +  as=at+88  =  -H»OFah.    Again. -«o  B^u  =  (-8  X  • -f 


TocltanseCentto  Kean;  mult  by  4:  diy  by  6.    Thus:  -flO^Cent  =10X 

., .     .     .^       "'X4-rl=-8<>B<au. 

{  mnlt  by  9;  div  by  4.    Tnke  a  Fah  reading  82° 


TocltanseCentto  Kean;  mnlt  by  4:  diy  b' 

4-r5=+80Bte(i.  Again,— 10OCent=—l0X4-rl=—8<>B^aa. 

ToelianKe  Rean  to  Fah ;  mnlt  by  9;  div  1 

higher.   Thos: +16°  Ib^u  =  aeX»+4)  +  as=at+88r:+4»OL 

4) +32  =  — 18+82=+140  Fah. 

To  eliAnfire  Kean  to  Cent;  mnlt  by  6 ;  dir  by  4.    Thad :  -\-ii°  R^u  =  +  80 

X&-r4=+-10PCeQt.  Again,— 8° B^aa=— 8X5+^— 10<) Gent. 

TABI«E  1.  Fahrenheitcompareii  wi th Centlgrrade  and  R^an- 

In  Vti9  table  the  Cent  and  lieiiu  readings  are  given  to  the  nearest  decimal. 
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TABLE  2.    Centigrrade  compared  with  Fahrenheit  and 
Reaumur. 


c. 

F. 

R. 

c;. 

F. 

R. 

c. 

'■ 

R. 

€. 

F. 

R. 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

BXMt. 

Bxftct. 

Rxaet. 

Exact, 

Exact. 

Exact. 

Exact. 

Exact 

100 

212.0 

80.0 

62 

143.6 

49.6 

24 

75.2 

19.2 

—14 

6.8 

-11.2 

99 

210.2 

79.2 

61 

141.6 

48.8 

28 

73.4 

18.4 

-15 

5.0 

-12.6 

98 

208.4 

78.4 

60 

140.0 

48.0 

22 

71.6 

17.6 

-16 

3.2 

-  l-i.8 

97 

206.6 

77.6 

69 

138.2 

47.2 

68.S 

16.8 

-17 

1.4 

—18.6 

96 

204.8 

768 

58 

136.4 

46.4 

68.0 

16.0 

-18 

-0.4 

—14.4 

95 

203.0 

76.0 

57 

134.6 

45.6 

66.2 

16.2 

—19 

—2.2 

—15.2 

94 

201.2 

75.2 

56 

132.8 

44.8 

64.4 

14,4 

-20 

—4.0 

—16.0 

9S 

199.4 

74  4 

55 

131.0 

44.0 

62.6 

13.6 

—21 

-5.8 

—16.8 

92 

197.6 

7S.6 

54 

129.2 

432 

60.8 

12.8 

— 2t 

—7.6 

— 17.« 

91 

195.8 

72.8 

53 

127.4 

42.4 

59.6 

12.0 

— «S 

-9.4 

-16.4 

90 

194.0 

72.6 

52 

125.6 

41.6 

67.2 

11.2 

—24 

—11.2 

-19.2 

89 

192.2 

71.2 

51 

12.H.8 

40.S 

65.4 

10.4 

—25 

—13.0 

-S0.0 

88 

190,4 

70.4 

50 

122.0 

40.0 

63.6 

f.6 

-96 

—14.8 

-308 

87 

188.6 

69.6 

49 

120.2 

39.2 

61.8 

8.8 

—27 

—16.6 

-21.6 

86 

186.8 

688 

48 

118.4 

38.4 

60.0 

8.0 

-28 

—18.4 

—22.4 

85 

1S5.0 

68.0 

47 

116.6 

37.6 

<8.t 

1.2 

—29 

— M.« 

-2S.S 

84 

18.1.1 

67.2 

46 

114.8 

96.8 

46.4 

6.4 

—80 

— 22.« 

-*4.» 

8:{ 

181.4 

66.4 

45 

113.0 

36.0 

446 

6.6 

—81 

—26.8 

—24.8 

83 

m.f 

65.6. 

44 

lll.» 

86.« 

42.8 

4.8 

—82 

-25i5 

^25.6 

81 

177.8 

64.8 

43 

109=4 

a4.4 

41  .• 

4.0 

—83 

—27.4 

—26.4 

80 

176.0 

64.0 

42 

107.6 

33.6 

39.2 

8.2 

—84 

—29.2 

—27.1 

79 

174.2 

63.2 

41 

lOp.8 

32.8 

37.4 

2.4 

-86 

—31.0 

-28^ 

78 

172.4 

62.4 

40 

104.0 

32.0 

85.6 

1.6 

—36 

—32.8 

—28.8 

77 

170.6 

61.6 

39 

102.2 

81.2 

83.8 

0.8 

-37 

-84.6 

-29.6 

76 

168.8 

60.8 

38 

100.4 

30.4 

0 

82.0 

0.0 

-86 

—36.4 

-80.4 

75 

167.0 

60.0 

87 

98.6 

29.6 

80.2 

-0.8 

-3> 

-38.2 

-31.8 

74 

165.2 

59.2 

36 

96.8 

28.8 

—2 

?8.4 

—1.6 

—40 

—40.0 

-32.0 

7S 

163.4 

58.4 

35 

95.0 

28.0 

-3 

26.6 

—2.4 

—41 

—41.8 

-32.8 

72 

161.6 

57.6 

34 

93.2 

27.2 

—4 

24.S 

—8.2 

-4» 

-48.6 

-38.C 

71 

159.8 

66.8 

33 

91.4 

26.4 

-6 

23.0 

—4.0 

—48 

-46.4 

—84.4 

70 

158.0 

56,0 

82 

89.6 

25.6 

-6 

21.2 

—4.8 

-44 

—47.2 

-85.S 

69 

156.2 

55.2 

81 

87.8 

24.8 

—7 

19.4 

-6.6 

-46 

— 49.<r 

—86.0 

68 

154.4 

54.4 

80 

86.0 

24.0 

-8 

17.6 

-«.4 

-46 

-60.8 

-86.8 

67 

152.6 

63.6 

29 

84.2 

23.2 

-9 

16.8 

-7.2 

-41 

—62.6 

-S7.« 

66 

150.8 

52  8 

28 

82.4 

22.4 

-10 

14.0 

-«.0 

-48 

-64.4 

-38.4 

65 

149.0 

52.0 

27 

80.6 

21.6 

-11 

12.2 

-«.8 

-49 

-56.2 

— 39.8 

64 

147.2 

51.2 

26 

78.8 

20.8 

-12 

10.4 

-9.6 

— 5« 

-68.0 

-40j$ 

6S 

145.4 

50.4 

25 

77.0 

20.0 

-18 

8.6 

-10.4 

TABLE 

3.    R4$aainur  coinvf 

%red 

With  Fahrenheit  and 

Centiirrade. 

R. 

F. 

JS' 

R. 

F. 

€. 

R. 

F. 

c. 

R. 

F. 

c 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Exact. 

Exact. 

Exact. 

Exact. 

Ixaet. 

Exact. 

Kxact. 

Exact. 

80 

212.00 

100.00 

49 

142.26 

61.26 

19 

74.75 

28.76 

—11 

7.26 

— 18.7S 

79 

209.75 

98.75 

48 

140.00 

60.00 

18 

72.50 

22.60 

—It 

6.00 

—16.00 

78 

207.80 

97J>0 

47 

137.75 

68.75 

17 

70.26 

21.26 

—18 

2.76 

—16.26 

77 

205.25 

96.25 

46 

136  59 

57.50 

16 

68.06 

90.00 

—14 

0.60 

— 1T.60 

76 

203.00 

95.00 

46 

183.25 

66.26 

15 

66.76 

18.76 

*~lf 

—1.76 

-18.76 

75 

200.75 

93.75 

44 

131.00 

65.00 

14 

4M.&0 

17J>0 

—K 

—4.00 

-20.00 

74 

198.50 

92.50 

43 

128.75 

63.75 

IS 

«1.2» 

16.26 

—It 

-6.25 

-21.25 

78 

196.25 

91.25 

42 

126.50 

62  50 

12 

69.00 

16.00 

—18 

-8.60 

-22.60 

72 

194.00 

90.00 

41 

124.25 

51.25 

11 

66.76 

18.76 

—19 

-10.76 

-28.76 

71 

191.75 

88.75 

40 

122.00 

60.00 

10 

64  50 

12.60 

—26 

— 13UW 

-26.00 

70 

189.50 

87.50 

39 

11975 

48.75 

9 

62.26 

11.26 

-21 

—16.26 

-26.26 

69 

187.25 

86.25 

38 

117.50 

47.50 

8 

60.00 

10^ 

— 2t 

—17.60 

-27.60 

68 

185.00 

85  00 

37 

115.25 

46.25 

7 

47.76 

8.75 

-28 

—19.76 

—28.76 

67 

182.75 

83.75 

36 

11300 

45.00 

6 

46.50 

7.60 

^24 

-«2.00 

—80.00 

66 

180.50 

82.50 

35 

110.75 

43.75 

6 

43.26 

6.25 

-2$ 

W24.25 

-Sl.« 

65 

178  25 

81.25 

84 

108  50 

42.50 

4 

41.00 

6J0» 

—26 

-^50 

—32.60 

64 

176.00 

80  00 

33 

106.25 

41.25 

3 

88.75 

8.76 

-2t 

—28.76 

—88.76 

63 

173.75 

78.75 

32 

104.00 

40  00 

2 

86.60 

2.50 

-28 

-81.00 

-85.00 

62 

171.50 

77.50 

81 

101.75 

.H8.75 

1 

84.25 

1.26 

-29 

-68.25 

-86.26 

61 

169.25 

7625 

80 

99.50 

37  50 

0 

82.00 

0.00 

—80 

—85.50 

-87.60 

60 

167.00 

75.00 

29 

97.25 

86.25 

—1 

29.76 

-1.26 

—31 

—87.75 

-88.76 

59 

164  75 

73.75 

28 

95.00 

35.00 

—2 

27.50 

-2J>0 

—32 

—40.00 

—40  06 

58 

162..«i0 

72.50 

27 

92.75 

.H3  75 

—8 

25.25 

—8.75 

-38 

—42.26 

-41.» 

67 

160  25 

71.25 

26 

90.50 

Si  50 

—4 

23.00 

-6.00 

-84 

-44.60 

-42.60 

56 

158.00 

70.00 

25 

88.25 

.HI.  25 

—5 

20.76 

-6.25 

-Si 

-46.76 

-43.76 

65 

155.75 

68.75 

24 

86.00 

30.00 

-« 

18.50 

-7.50 

-86 

-49.00 

-46.M 

64 

153.60 

67.50 

21 

83.75 

28.75 

-7 

16.26 

-8.76 

-87 

-61.26 

-4<.» 

63 

151.25 

e6^25 

22 

81.50 

27.50 

-8 

14.00 

-10.00 

-88 

-68.60 

-4TJ» 

62 

149.00 

65.00 

21 

79.25 

26.25 

—9 

11.76 

-11.26 

-89 

-66.75 

-4au 

61 

146.75 

63.75 

20 

77.00 

25.00 

-10 

9.50 

-12.60 

-40 

-tUM 

-60Jt 

60 

144.60 

62.60 
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AIR-ATMOSPHERE. 

The  atin«>spliere  is  known  to  extend  to  at  least  45  miles 

above  the  earth.  Its  composition  is  about  .79  raeasuYes  of  nitrogen  hm 
and  .21  of  oxygen  gas;  or  about  .77  nitrogvn,  .23  oxvgen,  by  weight.  It  gen- 
erally contains,  however,  a  trace  of  water;  carbonic  acid,  and  carbur«tted 
hydrogen  gases;  and  still  loss  ammonia. 

When  the  barometer  is  at  30  inches,  and  the  temperature  60*^  Fah,  air 
weiglis  about  one-815tli  part  as  much  as  water ;  or  635  Rraios  =>  1.224  comuierciai 
ounces  =  .0765  commercial  fb.  per  cubic  foot.  Or  13.072  cubic  feet  weigh  1  H>; 
and  a  cubic  yard,  2.066  &>s.  Or  a  cube  of  30.82  feet  on  f>ach  edge.  1  ton.  When 
colder  it  weighs  more  per  cubic  foot,  and  vice  versa,  at  the  rate  or  about  a  grain 
per  degree  of  Fah.  The  average  weight  of  the  entire  atmospheric  column,  (at 
least  45  miles  high,)  at  sea  level,  is  U^  tM  avoirdupois  per  square  inch  ;  or  2124 
th}  per  square  foot*  »  weight  of  a  column  of  water  34  feet,  or  of  mercury  80 
inches,  high.  This  is  what  is  usually  called  the  ** pressure  of  the  air."  At  \^ 
mile  above  sea  level  i^  is  but  14.02  B>8  per  square  inch :  at  ^  mile,  18.83 ;  at  ^ 
mile,  12.66;  at  1  mile,  12.02;  at  l^^  mile,  11.42;  at  1V$  mile,  10.88;  and  at  2  miles, 
9.80  n>8.  Therefore,  a  pump  in  a  high  region  will  not  lift  water  to  as  great  a 
height  as  in  a  low  one.  The  pressure  of  air,  like  that  of  water,  is,  at  any  given 
]>oii)t,  equal  in  all  directions. 


It  is  o'ften  stated  that  the  temperature  of  the  atmosphere  lowers 
or  becomes  colder,  at  the  rate  of  l^'  Fiih  for  each  300  feet  of  ascent  above  the 
earth's  surface;  but  this  is  liable  to  many  exceptions,  and  varies  much 
with  local  causes.  Actual  observation  in  balloons  seems  to  abow  that  up  te  the 
first  1060  feet,  about  200  feet  to  1^,  is  nearer  the  truth  ;  at  2000  feet,  250;  at  4000 
feet,  300  ;  and  at  a  mile,  350. 

In  hreathlngr,  a  grown  person  at  rest  requires  from  .25  to  .35  of  a  eablo 
foot  of  air  per  minute;  which,  when  breathed,  vitiates  from  S}^  to  6  cubic  feet. 
When  walking  or  hard  at  work,  he  breathes  and  vitiates  two  or  three  times  as 
much.  About  5  cubic  feet  of  fresh  air  per  person  per  minute  i»  required  for  the 
perfect  ventilation  of  rooms  in  wioter ;  8  in  summer.    Hospitals  40  to  80. 

Beneath  the  general  lewel  of*the  surface  of  the  earth  In  temperate 
regions,  a  tolerably  uniform  temperature  of  about  50°  to  60°  Fah  exists  at 
the  depth  of  about  50  to  60  feet;  and  increases  about  1^  for  each  additional  50 
to  60  feet;  all  subject,  however,  to  considerable  deriations  from  many  local 
causes.  In  the  Rose  Bridge  colliery,  England,  at  the  depth  of  2424  feet,  the  tem- 
perature of  the  coal  is  93>^  Fah  ;  and  at  the  bottom  of  a  boring  4169  feet  deep, 
near  Berlin,  the  temperature  is  119°. 

The  air  Is  a  Ter^  slow  conductor  of  heat;  hence  hollow  walls 
serve  to  retain  the  heat  in  dwellings;  besides  keeping  them  dry.  It  rushes 
into  a  vacuum  near  sea  level  with  a  velocity  of  aoout  1157  feet  per  second ; 
or  133^  miles  per  minute;  or  about  as  fast  as  sound  ordinarily  travels  through 
quiet  air.    See  Sound,  p  211. 

liUs-e  all  other  elastic  fluids,  it  expands  eonally  with  equal 
increases  of  temperature.  Every  increase  of  5°  Fah,  expands  the  bulk 
of  any  of  them  sliffhtlv  more  than  1  per  cent  of  that  which  it  has  at  0°  Fah : 
or  500*^  about  doubles  its  bulk  at  zero.  The  bulk  of  any  of  them  diminishes 
inversely  in  proportion  to  the  total  pressure  to  which  it  is  subjected.  Thus,  if 
we  have  a  cylinder  open  at  top,  and  1  foot  deep,  full  of  air  at  its  natural  pres- 
sure of  about  15  &>s  per  square  inch ;  if  by  means  of  a  piston  we  apply  an  addi- 
tional pressure  of  15  &>s  per  square  inch,  making  30  ft»s  in  all,  or  twice  as  much 
as  the  natural  pressure,  then  the  air  will  be  compressed  into  6  inokbes  of  depth 
of  the  cylinder,  or  one-half  of  what  it  occupied  Joefore.  Or  if  we  apply  45  fcs 
additional,  making  60  fits  in  all,  or  4  times  the  natural  pressure,  then  the  air  will 
be  compressed  into  ^^  of  the  depth  of  the  cylinder.  Experiment  shows  that 
this  holcU  good  with  air  at  least  up  to  pressures  of  about  750  &»s  per  square  inch. 
or  50  times  its  natural  pressure;  the  air  in  this  case  occupying  one-fiftieth  of 
its  natural  bulk.  In  like  manner  the  bulk  will  increase  as  the  total  pressure  is 
diminished;  so  that  if  we  remove  our  additional  45  lbs  per  square  inch,  the  air 
in  the  cylinder  will  regain  its  original  bulk,  and  will  precisely  fill  the  cylinder. 
Substances  which  follow  these  laws,  are  said  to  be  perfectly  elastic.  Under  a 
pre.s8ure  of  about  5}4  tons  per  square  inch,  air  would  become  as  dense,  or  would 
weigh  as  much  per  cubic  foot,  as  water.  Since  the  air  at  the  surface  of  the  earth 
is  pressed  14%  ros  per  square  inch  by  the  atmosphere  above  it,  and  since  this 
is  equal  to  the  weight  of  a  column  of  water  1  inch  square  and  34  feet  high,  it 
follows  that  at  the  depths  of  34, 68, 102  feet,  Ac,  below  water,  air  will  be  com^ 

,  1 — — .y^.J'VJ'tt^^'u'l'C 

•  =  1.033  kilogrammes  per  square  centimetre. 
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WIND. 


pressed  into  H*  /<^  3^>  ^>  of  its  bulk  at  the  surface;  because  at  those  depths  It 
18  exposed  to  pressures  equal  to  2,  3,  4,  dec,  times  14^  fbs  per  square  inch,  inas- 
much as  the  pressure  of  the  atuiosphere  on  the  surface,  is  in  each  case  to  be 
added  to  that  of  the  water.  The  pressure  of  the  water  alone  at  those  depths 
would  be  but  1,  2,  3,  &c,  times  14^  fbs  per  square  inch. 

In  a  divine-bell,  men,  after  some  experience,  can  readily  work  for  sev- 
eral hours  at  a  def}th  of  51  feet;  or  under  a  pressure  of  2^  atmospheres;  or 
37^ fi>s  per  square  inch.  But  at  90  feet  deep;  or  under  3.64  atmospheres;  or 
nearly  55  fbs  per  square  inch,  they  can  work  for  but  about  an  liour,  without 
terious  suffering  from  paralysis;  or  even  danger  of  death.  Still  at  the  St.  Louts 
bridge  some  work  was  dune  at  a  depth  of  110>^feet ;  pressure  63.7  lbs  per  square 
inch. 

The  dew  point  is  that  temperature  (varying)  at  which  the  air  deposits  its 
vapor. 

Tlie  greAte»t  beat  of  tlie  air  in  tbe  snn  probably  never  exceeds 
145°  Fah ;  uor  the  greatest  cold  —  74°  at  night.  About  130<>  above,  and  40°  below 
zero,  are  the  extremes  in  the  U.  S.  east  of  the  Mississippi ;  and  65^  below  in  the 
N.  W. ;  hU  at  common  ground  level.  It  is  stated,  however,  that  — 81<^  has  beea 
observed  in  K.  £.  Siberia;  and  +101^  Fah  in  the  shade  in  Paris;  and  +lBSfi  in 
the  sun  at  Greenwich  Observatory,  both  in  Julv,  1881.  It  has  frequently  ex- 
ceeded +100°  Fah  in  the  shade  in  Philadelphia  during  recent  years. 


WIND. 

The  relation  between  tbe  Telocity  of  wind,  and  its  pr 

against  an  obstacle  placed  either  at  right  angles  to  its  course,  or  inclined 


to  it,  has  not  been  well  determined ;  and  still  less  so  its  pressure  against  curved 
surfaces.  The  pressure  against  a  lai^  surface  is  probably  proportionally  greater 
than  against  a  small  one.  It  is  generally  supposed  to  varv  nearly  as  the  squares 
of  the  velocities;  and  when  the  obstacle  is  at  right  angles  to  its  direction,  the 
pressure  in  9>s  per  square  foot  of  exposed  surface  is  considered  to  be  equal  to 
the  square  of  the  velocity  in  miles  per  hour,  divided  by  200.  On  this  basis, 
which  is  probably  quite  defective,  the  following  table,  as  given  by  Smeatoa,  is 
prepared. 


VeL  in  Milea 

Vel.  in  Ft. 

Prea.  in  Lbs. 

Bemsrka. 

per  Hour. 

per  Seo. 

per  Sq.  Pt. 

1.4S7 

.005 

2.a33 

.020 

PleaMiu.                       ^^^^^ 

4.400 

.045 

6.867 

.080 

1 

7.38 

.125 

ni^ffi 

10 

14.67 

M 

12^ 

18.38 

.781 

Fresh  br«ese.                         0 

15 

W. 

1.125 

SO 

»M 

S. 

The  pret  •gftlBit 

Si 

36.67 

8.125 

BrUkiriiuL                «    MBteylhSrioal 

30 

44. 

4.5 

Strong  wlud.             nvtMO  aebnom 

40 

58.67 

8. 

High  wind.                jg  aboat  ta»lf  (bat 

SO 

73.88 

12.5 

Btorni.                        against    tbe     flat 

fO 

88. 

18. 

Violent  atorm.           sarf  abnm. 

SO 

117.8 

32. 

Hnrrioa&e. 

100 

146.7 

50. 

Tredir^ld  reeommendM  to  allow  40  lbs  per  sq  ft  of  roof  for  the 

pres  of  wind  against  it ;  bnt  a«  roofs  are  oonstructed  with  a  slope,  and  oon.sequentlj  do  not  receive 
tbe  tall  foroe  of  tbe  wlud.  tbls  Is  plainly  too  muota.*  Moreover,  only  one-half  of  a  roof  is  nsoally  ex> 
posed,  even  thus  partially,  to  tbe  wind.  Probably  the  foroe  in  snob  eases  variea  approsiroately  as  the 
Kines  of  the  angles  of  slopes.  According  to  observations  in  I Jverpool,  In  1860,  a  wind  of  38  miles  per 
hour,  produced  h  pres  of  14  lbs  per  sq  fi  against  an  ot^ect  perp  to  It;  and  one  of  70  miles  per  hour, 
(the. severest  gale  on  recerd  at  that  olty.)  42  n>8  per  so  foot.  These  would  make  the  pres  per  sq  ft, 
more  nearly  equal  to  tbe  square  of  tbe  vel  in  miles  per  nonr.  dlv  by  100;  or  nearly  twice  as  great  as 
given  in  Smeaton's  table.  We  should  ourselves  give  the  preference  to  tbe  Liverpool  observations.  A 
very  violent  gale  In  Scotland,  registered  by  an  excelleut  anemometer,  or  wind-gauge.  45  lbs  per  aq 
ft.    It  is  stated  that  as  high  as  55  lbs  has  been  observed  at  Glasgow.    High  winds  often  lift  roofs. 

The  gauge  at  Olrard  College,  Philada,  broke  under  a  strain  of  43  lbs  per  sq  ft ;  a  tornado  passing 
at  tbe  moment,  within  ^  niile. 

By  inversion  of  Smeaton's  rule,  if  the  force  in  lbs  per  sq  ft,  be  mult  by  200,  the  aq  rt  of  ths  prod 
will  give  the  vel  in  miles  per  hour.    Smeaton's  rule  Is  used  by  the  U.  3.  Signal  Berrioe. 

•The  writer  thinks  8  Ib.i  per  sq  foot  of  ordiuarji  doubUtlopiHg  roofa,  or  16  fts  for  tktdroiJt,  soffl. 
Meat  allowance  for  prvs  of  wind.  *-  •»      v  .  -v  • 
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WATER. 

PUBB  water,  as  boiled  and  distilled,  is  eomposed  of  the  two  eases,  hydro- 
gen aod  oxygen;  ia  tUe  proportions  of  2  measures  hydrogen  to  1  of  oxygen; 
«>r  1  weight  of  hydrogen  to  8  of  oxygen.  Ordiuarllv,  however,  ii  contains  sev- 
eral foreign  ingredients,  as  carbonic  and 'other  acids;  and  soluble  mineral,  or 
organic  substances.  When  it  contains  much  lime,  it  is  said  to  be  hard;  and  will 
not  make  a  good  lather  with  soap.  Tlie  air  iu  its  ordinary  state  eontaina 
about  4  grains  of  water  per  cubic  foot. 

The  average  pressure  of  tiie  air  at  sea  lewel,  will  balance  a 
eoliainm  cm  water  34  feet  high ;  or  about  30  inches  of  mercury.  At  its  imil- 
ing  point  of  212°  Fah,  its  bullc  is  about  one  twenty-third  greater  than  at  70°. 

Ito  imeigltkt  per  cubic  foot  is  talceu  at  62U  fi>s,or  1000  ounces  avoir;  but  02^ 
0^  would  be  nearer  the  truth,  as  per  table  below.  It  is  about  815  times  heavier 
than  air,  when  both  are  at  the  temperature  of  62°;  and  the  barometer  at  30 
inches.  With  barometer  at  30  inches  the  weight  of  perfectly  pure  water  is  as 
fi^lows.    At  about  39°  it  has  its  maximum  density  of  62.425  lbs  per  cubic  toot. 


Temp,  Fah.  Lbs  per  Cub  Ft. 

32° 62.417 

40° 62.423 

50° 62.409 

60° 62.367 


Temp,  Fail.  Lbs  per  Cub  Ft. 

70° « 62.302 

8I»° 62.218 

96°~ 62.119 

212° 59.7 


Weiirl>t  of  sea  water  61.02  to  64.27  9>s  per  cubic  foot,  or  say  1.6  to  1.9 
lbs  more  than  fresh. 

Water  has  its  maximum  densitjr  when  its  tempernture  is  a  little  above 
39°  Fah ;  or  about  7°  above  the  freezing  point.  By  best  authorities  39.2°.  From 
about  39°  it  expands  either  by  cold,  or  by  heat.  Wlien  the  temperature  of  32° 
reduces  it  to  lee,  its  weight  is  but  about  57.2  fbs.  per  cubic  foot ;  and  its  specific 
gravity  at>out  .9175,  according  to  the  investigations  of  L.  Dufour.  Hence,  as 
ice,  it  has  expanded  one- twelfth  of  its  original  bulk  as  water;  and  thesuddeu 
expansive  foree  exerted  at  the  moment  of  freezing,  is  sufficiently  great  to 
split  iron  water-pipes;  being  probaiily  not  less  than  30000  lbs  t)er  square  inch. 
Instances  have  occurred  of  its  splittine  cast  tubular  posts  of  iron  bridges,  and 
of  ordinary  buildings,  when  full  of  rain  water  from  exposure.  It  also  loosens 
and  throws  down  masses  of  rock,  through  the  joints  of  which  rain  or  spring 
water  has  found  its  way.  Retaining- walls  also  are  sometimes  overthrown,  or 
at  least  bulged,  by  the  freezing  of  water  which  has  settled  between  their  backs 
and  the  earth  filling  which  tliey  sustain :  and  walls  which  are  not  founded  at  a 
sufficient  depth,  are  often  lifted  upward  by  the  same  process. 

It  is  said  that  in  a  gltuiu  tube  K  inch  in  diameter,  water  will  not 
freeze  until  the  temperature  is  reduced  to  23°;  and  In  tubes  of  less  tlian  »^ 
inch,  to  3°  or  4°.  Neither  will  it  freeze  until  considerably  colder  than  32°  in 
rapid  running  streams.  Anelior  ice,  sometimes  found  at  depths  as  great  as 
25  feet,  consists  of  an  aggregation  of  small  crystals  or  needles  of  ice  frozen  at 
the  snrface  of  rapid  open  water;  and  probaWy  carried  below  bv  the  force  of  the 
stream.  It  does  not  form  under  frozen  water.  For  crushingr  strenstli  of 
tee.  see  page  437. 

Since  ice  floats  in  water :  and  a  floatinsr  body  displaces  a  weight  of  the 
liquid  equal  to  its  own  weight,  it  foUowa  tliat  a  cubic  foot  of  floating  Ice  weighing 
57.2  fts,  must  displace  57.2  fcs  of  water.  But  57.2  R>s  of  water,  one  foot  square,  is  11 
inches  deep:  therefore,  floating  ice  of  a  cubical  or  parallelopipedal  shape,  will 
have  IJ  of  its  volume  under  water;  and  onlv  ,^  above:  and  a  square  foot  of  Ic« 
of  any  thickness,  will  require  a  weight  equal  to  |»|  of  its  own  weight  to  sink  it 
to  the  surface  of  the  water.  In  practice,  however,  this  must  be  regarded  merely 
as  a  close  approximation,  since  the  weight  of  ice  is  somewhat  affected  by  en- 
closed air-bubbles. 

Pure  water  is  usually  assumed  to  boil  at  212°  Fah  in  the  open  air,  at  the 
level  of  the  sea ;  the  barometer  being  at  30  inches ;  and  at  about  1*^  less  for  every 
520  feet  above  sea  level,  for  heights  within  1  mile.  In  fact,  its  boiling  point 
varies  like  its  freezing  point,  with  its  purity,  the  densltvof  the  air,  the  raaterlHl 
of  the  vessel,  Ac.  In  a  metallic  vessel,  it  may  boil  at  210°;  and  in  a  glass  one, 
at  from  212°  to  220° :  and  It  is  stated  that  if  all  air  be  previously  extracted,  it 
requires  275°.    For  levelingr  by  the  boiling:  point,  see  page  209. 

ft  ewaporates  at  all  temperatures;  dlssolwes  more  substances  than  any 
other  agent :  and  has  a  greater  capacity  for  heat  than  any  other  known  substance. 

It  is  eoilipressed  at  the  rate  of  about  one-21740th,  (or  about  y^  of  an 
Inch  io  18^  feet.)  by  each  atmosphere  or  pressure  of  15  lbs  per  square  inch. 
When  the  pressure  Is  removed,  its  elasticity  restores  Its  original  bulk. 
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Effect  on  metals.  Tbe  lime  contaiued  io  many  waters,  forms  deposits  in 
metallic  WHter-pipes,  and  in  chauuels  of  earthenware,  or  of  masonry ;  especially 
if  the  current  be  slow.  Some  other  substances  do  the  same;  obstructing  the 
flow  of  the  water  to  such  an  extent,  that  it  is  always  expedient  to  use  pipes  of 
diameters  larger  than  would  otlierwise  be  necessary.  The  lime  also  forms  very 
hard  incrustations  at  tlie  bottoms  of  boilers ;  very  tnuch  impair- 
.  ing  their  efficiency ;  and  rendering  them  more  liable  to  burst.  Such  water  is 
unfit  for  locomotives.  We  have  seen  it  stated  that  the  Southwestern  R  R  Co, 
England,  prevent  this  lime  deposit,  along  their  limestone  sections,  by  dissolving 
1  ounce  of  sal-ammoniac  to  90  gallons  of  water.  The  salt  of  sea  water  forms 
similar  deposits  in  boilers;  as  also  does  mud,  and  other  impurities. 

Water,  either  when  very  pure,  as  rain  water ;  or  when  it  contains  carbonic 
acid,  (as  most  water  does,)  produces  carbonate  of  lead  In  leiMl 
pipes;  and  as  tliis  is  an  active  poison,  such  pipes  should  not  be  used  for  such 
waters.  Tinned  lead  pipes  may  be  substituted  for  them.  If,  however,  sulphate 
of  lime  also  be  present,  as  is  very  frequently  the  case,  this  effect  is  not  always 
produced;  and  several  other  substances  usually  found  in  spring  and  river 
water,  also  diminish  it  to  a  greater  or  less  degree.  Fresh  water  corrodes 
wrouirht  iron  more  rapidly  than  cast;  but  the  reverse  appears  to 
be  the  case  with  sea  water;  although  it  also  affects  wrought  irun  very 
quickly;  so  that  thick  flakes  may  be  detached  from  it  with  ease.  The  corrosion 
of  iron  or  steel  by  sea  water  increases  with  the  carbon.  Cast-iron  cannons 
from  a  vessel  which  had  been  sunk  in  the  fresh  water  of  the  Delaware  River 
for  more  than  40  years,  were  perfectly  free  from  rust.  Gen.  Paaley,  who  had 
examined  the  metals  found  in  the  ships  Royal  George,  and  Edgar,  th^  first  of 
which  had  remained  sunk  in  the  sea  for  62  years,  aibd  the  last  for  f38  years, 
"stated  that  the  cast  iron  had  generally  become  quite  soft;  and  in  some  cases 
resembled  plumbago.  Some  of  the  shot  when  exposed  to  the  air  became  hot; 
and  burst  into  many  pieces.  The  wrought  iron  was  not  so  much  Injured, 
except  when  in  contact  with  copper^  or  brass  gun-metal.  Neither  of  these  last  was 
much  affected,  except  when  in  contact  with  iron.  Some  of  the  wrought  iron 
was  reworked  by  a  blHcksinith,and  pronounced  superior  to  modern  iron."  "Mr. 
Cottam  stated  that  some  of  the  guns  had  been  carefully  removed  in  their  soft 
state,  to  tbe  Tower  of  London :  and  in  time  (within  4  years)  returned  their  wig^ 
inal  hardness.  Brass  cannons  trom  the  Mary  Rose,  which  had  been  sunk  in  the 
sea  for  292  years,  were  considerably  honeycombed  in  spots  only ;  (perhaps  where 
iron  bad  been  in  contact  with  them.)  The  old  cannons,  of  wronght-iron  bars 
hooped  together,  were  corroded  about  ^  inch  deep;  but  had  probably  been  pro- 
tected by  mud.  The  cast-iron  shot  became  redhot  on  exposure  to  the  air:  and 
fell  to  pieces  like  dry  clay !" 

"Unprotected  parts  of  cast-iron  sluice-valves,  on  the  sea  gates  of  the  Cale- 
donian canal,  were  converted  into  a  soft  plumbaginous  substance,  to  a  depth 
of  %  of  an  inch,  within  4  years;  but  where  they  had  been  coated  with  common 
Swedish  tar,  they  were  entirely  uninjured.  This  softening  effect  on  cast  iron 
appears  to  be  as  rapid  even  when  the  water  is  but  slightly  brackish;  and  that 
only  at  intervals.  It  also  takes  place  on  cast  iron  imbedded  in  salt  earth.  Some 
water  pipes  thus  laid  near  the  Liverpool  docks,  at  the  expiration  of  20  years 
were  soft  enougii  to  be  cut  by  a  knife;  while  the  same  kind,  on  higher  ground 
beyond  the  influence  of  the  sea  water,  were  as  good  as  new  at  the  end  of  60  years." 


Observation  has,  however,  shown  that  the  rapldilty  of  tbls  action 
lepends  much  on  tlhe  quality  of  the  froit ;  that  which  is  dark- 
colored,  and  contains  much  carbon  mechanically  combined  with  it,  corrodes 


most  rapidly:  while  hard  white,  or  light-gray  castings  remain  secure  for  a  long 
time.  Some  cast-iron  sea-piles  of  this  character,  showed  no  deterioration  in  40 
years.    See  note,  page  645. 

Contact  with  brass  or  copper  is  said  to  induce  a  galvanic  action 
which  greatly  hastens  decay  in  either  fresh  or  salt  water.  Some  muskets  were 
recovered  from  a  wreck  which  had  been  submerged  in  sea  water  for  70  years 
near  New  York.  The  brass  parts  wejre  in  perfect  condition  ;  but  the  iron  parts 
had  entirely  disappeared.  Galvanizing^  (coating  with  zinc)  acts  as  a  pre- 
servative to  the  iron,  but  at  the  expense  of  the  zinc,  which  soon  disappears. 
The  iron  then  corrodes.  If  iron  be  well  heated,  and  then  coated  with  hot 
coal-tar.  It  will  resist  the  action  of  either  salt  or  freshwater  for  many  years. 
It  is  very  important  that  the  tar  be  perfectly  purified.  See  p  291.  Such  a  coat- 
ing, or  one  of  paint,  wiU  not  prevent  barnacles  and  other  shells  from 
©oaU         themselves  to  the  iron.    Asphaltum,  if  pure,  answers  as  welL  as 

Copper  and  bronse  are  very  little  affected  by  sea  water. 
No  galvanic  action  has  been  detected  where  brass  ferules  are  inserted  into 
the  water-pipes  in  Philadelphia. 
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Tlie  most  prejudicial  exposure  for  Iron,  aa  well  as  for  wood,  is 
thai,  to  alternate  wet  and  dry.  At  sume  dangerous  spots  in  Long  Island  Sound, 
it  has  been  the  practice  to  drive  round  bars  of  rolled  iron  about  4  inches  diam- 
eter, for  supporting  signals.  These  wear  away  most  rapidly  between  high  and 
low  water;  at  the  rate  of  about  an  inch  in  depth  in  20  years;  in  which  time  the 
4-iDch  bar  becomes  reduced  tb  a  24neh  one,  along  that  portion  of  it.  Under 
fresh  water  especially,  or  under  ground,  a  thin  coating  of  cool-pitch  Tarnish, 
carefully  applied,  will  protect  iron,  such  as  water-pipes,  &c.,  for  a  long  time. 
See  page  292.  The  sulphuric  acid  contained  in  the  water  ftt>m  coal  mines 
corrodes  iron  pipes  rapidly.  In  tlie  flresli  water  of  eanals,  iron  boats 
have  continued  in  service  from  20  to  4&  years.  Wood  remains  sonnd  fot 
centuries  under  either  fresh  or  salt  water,  if  not  exposed  to  be  worn  away  by 
the  action  of  currents ;  or  to  be  destroyed  by  marine  insects. 

Sea  water  differs  a  little  in  weiarlit,  at  d liferent  places ;  but  at  the 
same  place  it  is  appreciably  the  same  at  all  depths;  and  may  be  generally  as- 
sutned  at  about  64  lbs ;  or  1%  fts  per  cubic  loot,  more  than  fresh.  The  additiona. 
1%  ftw,  or  one  36.6th  of  its  entire  weight,  is  chiefly  common  salt.  Sea  water 
fiH^exes  at  27^  Fab :  the  ice  is  fresh. 

A  teaspoonfui  of  powdered  alum,  well  stirred  into  a  bucket  of  dirty  water, 
will  generally  purify  it  sufficiently  within  a  few  hours  to  be  drinkable.  If  a 
hole  3  or  4  feet  deep  be  dug  in  the  sand  of  the  sea-shore,  the  infiltrating  water 
will  usually  be  sufficiently  fresh  for  washing  with  soap;  or  even  for  drinking. 
It  is  also  stated  that  water  may  be  preserved  sweet  for  many  years  by  placing 
in  the  containing  vessel  1  ounce  of  black  oxide  of  manganese  for  each  gallon 
of  water. 

It  is  said  that  water  kept  In  sine  tanks;  or  flowing  through  iron 
tubes  galvanized  inside,  rapidly  becomes  poisoned  by  soluble  salts  of  sine 
formed  thereby;  and  it  is  recommended  to  coat  Bine  surfaces  with  asphalt 
varnish  to  prevent  this.  Yet,  in  the  city  of  Hartford,  Conn,  service  pipes  of 
iron,  galvanized  inside  and  out,  were  adopted  in  1855,  at  the  recommendation 
of  the  water  commissioners;  and  have  been  in  use  ever  since.  They  are  like- 
wise used  in  Philadelphia  and  other  cities  to  a  considerable  extent.  In  many 
hotels  and  other  buildings  in  Boston,  the  "  Seamless  Drawn  Brass  Tube"  of  the 
American  Tube  Works  at  Boston,  has  for  many  years  been  in  use  for  service 
pipe ;  and  has  given  great  satisfaction.  It  is  stated  that  the  softest  water  may 
be  kept  in  brass  vessels  for  years  without  any  deleterious  result. 

Tlie  aetlon  of  lead  upon  some  waters  (even  pure  ones)  is  highly  poison- 
ous. The  subject,  however,  is  a  complicated  one.  An  injurious  ingredient  may 
be  attended  hy  another  which  neutralizes  its  action.  Organic  matter,  whether 
vegetable  or  animal,  is  iBjurioHs.  Carbonic  acid,  when  not  in  e^oea^,  is  harm- 
less.   See  near  bottom  of  page  419. 

lee  may  be  so  Impure  that  its  water  is  dangerous  to  drink. 

The  popular  notion  tliat  liot  water  freeaes  more  qnlclUy 
tlian  eold,  with  air  at  the  same  temperature,  is  erroneous. 

TIDES. 

Tlie  tides  are  those  well-known  rises  and  fiills  of  the  surfacft  of  Ihe  sea 
and  of  some  rivers,  caused  by  the  attraction  of  the  sun  and  moon.  There  are 
two  rises,  floods,  or  high  tides;  and  two  falls,  ebbs,  or  low  tides,  every  24  hours 
and  50  minutes  (a  lunar  day) ;  making  the  average  of  6  hours  12h  minutes 
bt'tween  high  and  low  water.  These  intervals  are,  however,  subject  to 
i:reat  Tarlations;  as  are  also  the  hei^rhts  of  the  tides;  and  this  not  only 
at  diff'erent  places,  but  at  the  same  place.  These  irregularities  are  owing  to  the 
shape  of  the  coast  line,  the  depth  or  water,  winds,  and  other  causes.  Usually  at 
new  and  full  moon,  or  rather  a  day  or  two  after,  (or  twice  in  each  lunar  month, 
at  intervals  of  two  weeks,)  the  tides  rise  higher,  and  fall  lower  than  at  other 
times;  and  these  are  called  sprluf^  tides.  Also,  one  or  two  days  after  the 
moon  is  in  her  ^t*arfer»,  twice  in  a  lunar  month,  they  both  rise  and  fall  less  than 
at  other  times ;  and  are  then  called  neap  tides.  From  neap  to  spring  they 
rise  and  fall  more  daily ;  and  vice  versa.  The  time  of  big^b  water  at  any 
phwe,  is  generally  two  or  three  hours  after  the  moon  has  passed  over  either 
the  upper  or  lower  meridian ;  and  is  called  the  establlsbment  of  that 
place;  because,  when  this  time  is  established,  the  time  of  high  water  on  any 
other  day  may  be  found  from  it  in  most  cases.  The  total  height  of  spring  tides 
Is  generattp  from  1}4  to  2  times  as  great  as  that  of  neaps.  The  great  tidal 
irave  is  merely  an  unduUUUm,  unattended  by  any  current,  or  progressive  motion 
of  the  particles  of  water.  Each  successive  high  tide  occurs  about  24  minutes 
later  than  the  preceding  one ;  and  so  with  the  low  tides. 
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The  qaantlty  that  fklls  annaally  In  any  one  place,  varies 
ffreatly  from  year  to  year;  the  extremes  being  frequently  greater  tlian  2  to  1. 
In  making  calculations  for  collecting  water  in  reservoirs,  whether  for  feeding 
canals,  or  for  supplying  cities,  we  cannot  safely  assume  more  than  the  minimum 
fall  observed  for  many  years;  or  rather,  somewhat  less.  And  from  even  this 
must  be  deducted  the  amount  (a  quite  considerable  one)  lost  by  evaporation  and 
leakage  after  it  has  been  collected.  The  following  table  shows  in  some  cases, 
the  average  annual  falls;  and  in  others,  the  least  and  the  greatest  ones  observed 
at  several  places ;  including  snow  water.  It  is  highly  probable  that  most  of  the 
results  are  merely  approximate.    See  Evaporation,  p  222. 


Angmta,  CkargiK. 

Aibanj,  N.York 

Arkansas 

Bath,  Maine 

Baltimore,  Md 

Boston,  Mass 

OharlestoD,  S.  0 

Canada 

Carlisle,  Peona 

Detroit,  Michigan 

Krankford,  Peuna 

Fort  Qaston,  California,  iu  !>  months. 

Port  Yuma,  Cal 

Port  (not  Fort)  Orfbrd,  Oregon 

Fort  Pike,  Louisiana 

Port  Pierce,  E.  Florida 

Fort  Conrad,  New  Mexico 

Fort  Kent,  Maine 

Fort  Preble,    *•     

Fort  Con jtitutton,  N.  Hamp 

Furt  Adams,  Rhode  Island 

Fort  Hamilton,  N.  York  Harbor 

Fort  Niagara,  N.Y 

Fort  Monroe,  Virg 

Fort  Kearuej,  Nebraska 


Inches 
per  on. 

23 
SI  to  51 

41 
30  to  50 

40 
25  to  46 
40  to  76 1 

36 

34 

30 
33  to  54 
129 
3^ 


72 
63 
6« 
36H 
45Ji 
85  ^i 
52« 

*m 

51 
28 


as 41 

18H 

Bon 14J^ 

la 80to39 

84to45' 

85 


.'  S5to&4 


1  ulsiana 51 

I  ont 86to74| 

I  average..      47 

1  S7to58 

I  average..      36U 

O-.v •'      ..      36 

PhUadelphU,  Penna S4to61 

•'  av  for  54  years,  to  1884. . .      45.2  • 

Pcnnsjlrania average..      41 

Savannah,  Georgia SO  to  60 

Stow,  Mass bJto49 

St.Louis,  Mo 42 

Washington,  D.C 41 

Westchester,  Penna 39  to54 

WUUanutovn,  Mass 26toS» 


The  grreatest  fell  reeoirded  tn  one  day  In  Phlladelphta,  wai 

7.3  inches,  Aug.  13,  1873.  The  greatest  in  any  month,  was  15.8  inches,  Aug.,  1867. 
In  July,  1842,  6  inchps  fell  in  2  hours.  It  has  not  readied  9  inches  per  month, 
more  than  7  or  8  timps,  in  25  years.  During  a  tremendous  rain  at  Norristown, 
Pennsylvania,  in  1866,  the  writer  saw  evidence  that  at  least  9  inches  fell  within 

5  hours.  At  Genoa,  Italy,  on  one  occasion,  32  inches  fell  in  24  hours  j  at  Geneva, 
Switzerland,  6  inches  in  3  hours;  at  MarseiJles,  France,  13  inches  m  14  hours; 
in  Chicago,  Sept.,  1878,  .97  inch  in  7  minutes. 

Near  I«ondon,  £n|t^land,  the  mean  total  fall  for  many  years  is  23  inches. 
On  one  occasion,  6  inches  fell  in  IJ^  hours!  In  the  mountain  districts  of  the 
English  lakes,*  the  fall  is  enormous  ;  reaching  in  some  years  to  180  or  240  inches; 
or  from  16  to  20  feet!  while,  in  the  adjacent  neigh lx)rhood,  it  is  but  40  to  60 
inches.  At  Liverpool,  the  average  is  34  inches;  at  Edinburgh,  30;  Glasgow,  2r; 
Ireland,  36;  Madras.  47;  Calcutta,  60;  maximum  for  16  years,  82j  Delhi,  2?, 
Gibraltar,  30;  Adelaide,  Australia,  23;  West  Indies,  36  to  96;  Rome,  39.  On  the 
Khassya  hills  north  of  Calcutta,  500  inches,  or  41  feet  8  inches,  have  fallen  in  the 

6  rainy  months!  In  other  mountainous  districts  of  India,  annual  falls  of  10  to 
20  feet  are  common. 

It  reqtiires  a  quite  heavy  rain,  for  24  hours,  to  yield  the  depth  of  an  inch; 
still,  inasmuch  as  at  rare  intervals  falls  of  as  much  as  from  1  to  3,  or  even  6 
inches  per  hour  occur,  these  latter  deptlis  must  be  considered  in  planning 
sewers,  culTerts,  etc.    See  Art.  23,  p  279c. 

As  a  general  rale,  more  ratn  fells  In  warm  than  In  cold 
countries;  and  more  in  elevated  regions  than  in  low  ones.    Local  peculiar- 

*  In  1869,  during  which  occurred  the  greatest  drought  known  in  Philadelphia 
fur  at  least  50  years,  it  was  48.84  inches. 
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ities,  however,  sometimes  rererse  this;  and  also  cause  great  differences  Id  the 
amounts  in  places  quite  near  each  other ;  as  fo  the  English  lalce  districts  just 
alluded  to.  It  is  sometimes  difficult  to  account  for  these  variations.  In  some 
lagoons  in  New  Granada,  South  America,  the  writer  has  known  three  or  four 
heavy  rains  t^  occur  weekly  for  some  months,  during  which  not  a  drop  fell  on 
hills  about  1000  feet  high,  within  10  miles'  distance,  and  within  full  sight.  At 
another  locality,  almost  a  dead-level  plain,  fully  three^uarters  of  the  rains  that 
fell  for  2  years,  at  a  spot  2  miles  from  his  residence,  occurred  in  the  morning; 
while  those  which  fell  about  3  miles  from  it,  in  an  opposite  direction,  were  in 
t6e  afternoon. 

'*  The  returns  of  several  rain  gauges  in  the  Longdendale  district,  England,  for 
1847,  gave  the  rainfalls  at  different  altitudes  above  the  sea,  as  follows:" 

At  500  feet  altitude 46.6  Ins.  I  At  1750  feet  altitude 56.5  ins. 

800  "  50.5    "  1800  •♦  62.1    " 

1700  "  52.1    "    I 

**  The  annual  average  fall  at  Edinburgh,  200  feet  above  the  sea,  in  three  succes- 
sive years,  was  30  inches.  In  the  Pentland  hills,  a  few  miles  south,  and  700  feet 
above  sea,  37.4  inches:  and  at  Carlops,  similarly  situated  near  the  last,  but  900 
feet  above  sea,  49.2  inches.'* 

There  »re  probably  bat  few  placen  In  tbe  United  States, 
where  an  ann\iaT  fall  of  2  feet  may  not  be  safely  relied  on;  and  since,  ss  an 
average,  about  half  of  it  may  he  collected  into  reservoirs,  a  Sttuare  mile  of 
dralnaee  (=27878400  square  feet)  should  yield  annually  27878400  cubic 
feet;  equal  to  76379  cubic  feet  per  day.  Allowing  4  cubic  feet,  or  80  gallons, per 
day  for  each  person ;  and  making  no  deduction  for  evaporation  and  filtration, 
this  would  supply  a  population  of  19095  persons  ;  or  a  square  of  38^  feet  on  a 
side,  would  in  like  manner  suffice  for  one  person.  From  two-tenths  to  eight- 
tenths  of  all  the  water  annually  resulting  from  rain  and  snow,  passes  off*  into 
the  neighboring  rivulets:  and  thence  into  the  larger  streams  and  rivers;  or 
may  be  collected  into  reservoirs.  Under  ordinary  circumstances  of  locality, 
about  one-half  may  usually  be  thus  secured.  The  difference  is  owing  chiefly 
to  the  distance  which  the  water  mav  have  to  run ;  the  rates  of  absorption  of 
various  soils ;  the  rate  of  descent  of  the  sides  of  the  valleys  leading  to  the 
streams;  the  season  of  the  year,  &e^  &c.    See  p  222. 

An  tneh  of  rain  amounts  to  3630  cubic  feet:  or  27155  U.  S.  gal- 
lons: or  101.3  tons  per  acre:  or  to  2323200  cubic  feet ;  or  17378743  U.  S.  gallons; 
or  64821  tons  per  square  mile  at  62^  fi>8  per  cubic  foot. 

The  most  aestructive  rains  are  usually  those  which  fall  upon  snow,  under 
which  the  ground  is  frozen,  so  as  not  to  absorb  water. 

SNOW. 

Trials  at  different  times  by  the  writer,  showed  the  welg^ht  of  flreshly 

fallen  snow  to  vary  from  about  5  to  12  lbs  per  cubic  foot;  apparently  depend- 
ing chiefly  upon  the  degree  of  humidity  of  the  air  through  which  it  had  passed. 
On  one  occasion  when  mingled  snow  and  hail  had  fallen  to  the  depth  of  6  inches, 
he  found  its  weight  to  be  31  lbs  per  cubic  foot.  It  was  very  dry  and  incoherent. 
A  cubic  foot  of  heavy  snow  may,  by  a  gentle  sprinkling  of  water,  be  converted 
into  about  half  a  cubic  foot  of  slush,  weighing  20  fi>s ;  which  will  not  slide  or 
run  off  from  a  shingled  roof  sloping  30°,  if  the  weather  is  cold.  A  cubic 
block  of  snow  saturated  with  water  until  it  weighed  45  lbs  per  cubic  foot,  just 
slid  on  a  rough  board  inclined  at  45°;  on  a  smoothly  planed  one  at  30°;  and  on 
slate  at  18°;  all  approximate.  A  prism  of  snow,  saturated  to  62  lbs  per  cubic 
foot;  one  inch  square,  and  4  inches  high,  bore  a  welgrht  of  7  ft>s ;  wliich  at 
first  compresse<^  it  about  one-quarter  part  of  its  length.  European  engineers 
consider  6  fts  per  square  foot  of  roof,  to  be  sufficient  allowance  for  the 
welipht  of  snow;  and  8  fi>s  for  the  pressure  of  wind ;  total,  14  tbs.  The 
writer  thinks  that  in  the  U.  S.  the  allowance  for  snow  should  not  be  taken  at 
ieu  than  12  fi>s;  or  the  total  for  snow  and  wind,  at  20  fbs.  There  is  no  danger 
that  snow  on  a  roof  will  oecorae  saturated  to  tlie  extent  just  alluded  to;  because 
a  rain  that  would  supply  the  necessary  quantity  of  water,  would  also  by  its 
violence  wash  away  the  snow;  but  we  entertain  no  doubt  whatever  that  the 
united  pressures  from  snow  and  wind,  in  our  Northern  States,  do  actually  at 
times  reach,  and  even  surpass,  20  fi>s  per  square  foot  of  roof.  See  Table  4,  p*581, 
of  Trusses.  The  limit  of  perpetual  snour  at  the  equator  is  at  the  height 
of  about  16000  feet,  or  say  3  miles  above  sea-level ;  in  lat  45°  north  or  south,  it 
is  about  half  that  height;  while  near  the  poles  it  is  about  at  sea-level. 
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EVAPOEATION,  FILTRATION,  AND  LEAKAGE. 

Tbe  amount  of  eTaporation  from  surfaces  of  water  exposed  to 

the  natnrsl  effects  of  the  open  air,  ia  of  course  greater  iu  nummertbau  in  winter;  although  it  in  quite 

Krceptible  in  even  the  coldest  weather.  It  is  greater  iu  shallow  water  than  in  deep,  inasmuch  as  the 
ttom  tkUo  beoomes  heated  by  »fae  sun.  It  is  greater  in  running,  than  iu  staudiug  water;  on  niuok 
the  same  principle  that  it  is  greater  during  winds  than  calms.  It  is  probable  that  the  average  dailj 
loss  from  a  reservoir  of  moderate  depth,  from  evaporation  alone,  throughout  the  3  warmer  months 
of  tbe  year,  (June,  JuIt,  August,)  rarely  exceeds  about  -^^  inch,  in  any  part  of  tbe  United  Sutes.  Or 
y^^  inch  during  tbe  9  colder  months ;  except  in  tbe  Southern  Sutea.  These  two  averages  would  gire 
a  daily  one  of  .15  inch ;  or  a  toUl  annual  loss  of  55  ins,  or  4  ft  7  ins.    It  probably  ia  3.5  to  4  ft. 

By  some  trials  by  the  writer,  in  tbe  tropics,  ponds  of  pure  water 

8  ft  deep,  in  a  stiff  retentive  clay,  and  fully  exposed  to  a  very  hot  sun  all  day.  lost  during  the  dry  sea- 
son, pix'uisely  2  ins  in  16  daya;  or  ^  inch  per  day;  while  tbe  evaporation  from  a  glass  tumbler  was 
^  inch  per  day.  Tbe  air  in  that  region  is  highly  charged  with  moisture;  and  the  dews  are  beav^. 
Every  day  during  the  trial  tbe  thermometer  reached  from  115°  to  125°  in  tbe  sun. 

Tbe  total  annual  eraporatioD  in  several  parts  of  England  and  Scotland  is  stated  to  arerage  fVom  33 
to  38  ins ;  at  ParU,  34 ;  BostOD,  Masa,  32 ;  many  places  in  the  U.  S.,  30  to  86  ins.  This  last  would  gire 
a  daily  average  of  -^  Inch  for  tb«  whole  year.  Such  statements,  howerer,  are  of  very  little  valae, 
onleas  accompanied  by  memoranda  of  tbe  circnmstanoes  of  the  case;  soeb  as  the  depth,  exposure, 
size  and  natore  of  tbe  vesael,^  pond.  Ac,  which  coautas  the  water,  Ac.  Sometinea  the  total  aaaaal 
evaporation  fk'om  a  district  of  country  exceeds  tbe  rain  fall ;  and  vice  versa.  « 

On  canals,  reservoirs,  &c,  it  is  nsnal  to  combine  the  loss  by  evaporation, 
with  that  by  filtration.  Tbe  last  ia  that  which  soaks  into  the  earth ;  and  of  which  aome  portion 
pa!).4e:i  entirely  tbrongb  the  banks,  (when  in  embankt;)  and  if  in  very  smnll  quantity,  may  oe  dried 
up  by  the  son  and  air  as  fast  as  it  reaches  the  outside;  ao  as  not  to  exhibit  itself  as  water;  but  if  in 
greater  quantity,  it  beeemea  apparent,  as  leakage. 

E.  H.  dill,  C  E,  states  tbe  n-vemge  evaporation  and  filtra- 
tion on  tbe  l$(andy  and  Beaver  canal.  Obio.  (38  ft  wide  at  water  sur- 
face; 26  ft  at  bottom ;  and  4  ft  deep.)  to  be  but  13  cub  ft  per  mile  per  minate,  m  a  dry  teaeon.  Hero 
tbe  exposed  water  surf  in  one  mile  Is  200640  aq  ft;  and  in  order,  with  this  surf,  to  lose  IS  cub  ft  per 
min.  or  18720  cub  fl  per  day  of  24  hoars,  the  quantity  lost  must  be  ^J^^^O ~  '^"^^  ft,  =  1 K  iaeh  In 
depth  per  day.  Moreover,  one  mile  of  the  eanal  contains  675840  cub  ft ;  therefore,  the  number  of  days 
reqd  for  tbe  combined  evaporation  and  filtration  to  amount  to  as  much  as  all  the  water  in  the  canal,  Is 

^-^  ^-^  =r  36  days.    Observations  Ip  warm  weather  on  a  32  mile  reach  of  the  Chenango  canal,  N 

York,  (40;  28;  and  4  ft,)  gave  65^  cab  ft  per  mile  per  mIn  :  or  5  times  as  much  as  in  the  preceding 
case.  This  rate  would  empty  tbe  canal  in  about  8  dars.  Besides  this  there  was  an  excessive  leakage 
at  tbe  gates  of  a  lock,  (of  only  SH  ft  lift.)  of  479  cub  ft  per  niu.  22  cub  ft  per  mile  per  min ;  and  at 
aquedoctii.  and  waste- weirs,  others  amoanting  to  Itt  oub  ft  per  mile  per  min.  The  leakage  at  other 
Incks  wiib  lifts  of  8  ft,  or  less,  did  not  exceed  about  350  cob  ft  per  min.  at  each.  On  ot^er  canals,  it 
has  beea  f«>nnd  to  be  ft-om  50,  to  500  ft  per  min.  On  the  Chesapeake  and  Ohio  eanal,  (where  50,  32, 
and  6  ft,>  Mr.  Pisk,  C  B,  estimated  the  loss  by  evap  and  filtration  in  2  weeks  of  warm  weather,  to  be 

anal  to  all  tbe  water  la  the  oanai.   Professor  Rankinc  assumcs  2  ins  per 
ay,  for  ieakafpe  of  canal  bed,  and  evaporation,  on  Eniplisb 

canals*  J.  B.  Jervis,  O  R,  estimated  tbe  loss  from  erap,  filtration,  and  leaksge  through  lock- 
gates,  on  the  original  Erie  canal,  (40,  28.  and  4  ft.;  at  100  cub  ft  per  mile  per  min ;  or  144000  cnb  ft 
per  day.  Tbe  water  snrf  in  a  mile  is  211200  sq  ft ;  therefore,  the  daily  loss  would  be  equal  to  a  depth  of 

Jy*J^J  =  .682ft,  =  8ay83<li»».    See  end  of  Rain,  p  221. 

On  the  nefaware  division  of  tlie  Pennsylvania  canals,  when 

the  supply  is  temporarily  shot  off  from  any  long  reach,  the  water  falls  from  4  to  8  ins  per  day.  The 
filtration  will  of  ooorse  be  raoeh  greater  on  erabankts,  than  iu  cuts.  In  some  of  oar  oaaals,  tbe  depth 
at  high  embaokts  beoomes  quite  eoosiderable ;  tbe  eartb,  from  motives  of  ecoaoray.  not  being  filled  in 
level  nnder  the  bottom  of  tbe  canal;  but  merely  left  to  form  its  o»b  natural  slopes.  At  one  »pot  at 
leant,  nn  the  Cbes  and  Ohio  canal,  where  one  <iide  is  a  natural  face  of  vertical  rock,  this  depth  is  40 
ft.  Snob  depths  increase  the  leakage  very  greatly ;  espeeiaDy  when,  as  is  frequently  the  eaae.  the  cm- 
banhts  are  not  paddled;  and  tbe  practice  is  not  to  be  commended,  for  other  reasons  also. 

The  total  averaipe  l4>ss  front  reservoirs  of  roo4lerate  deptbs, 

in  eni«e  the  earthen  dams  be  eonstrueted  with  proper  care,  and  well  settled  by  time,  will  not  exceed 
about  from  Htol  inch  per  day ;  bat  in  new  onee,  it  will  asaally  be  considerably  greater. 

The  loss  fk^nt  ditcbes,  or  cbanneHi  of  small  area,  is  nnch 

greater  than  that  fhwn  navigable  eanals ;  so  that  long  oanal  feeders  nsnaHy  deliver  bat  a  ssall  pro- 
portion  of  tbe  water  whieh  Mitera  them  at  their  beads. 


HYDEOSTATIOS. 


««5  •  !l  My<'"'o«*«Mc«  treats  of  the  pressure  of  quiet  water  ; 
HP:?  ?!?'"*■'.  liqiiids.  The  pres  of  liqnids  against  any  point  of  any  surf  tipon 
whicU  they  act,whether  said  surf  be  curved  or  plane,  is  always  perp  to  the  surf  at  that 
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point.  At  any  given  depth,  the  prea  of  water  is  equal  in  erery  direction ;  and  is  In 
direct  proportiou  to  the  vtrt  depth  below  the  snrf.  lu  all  cuaes  whatever,  the  total  prea 
of  quiet  water  agaiust,  and  perp  to  any  surf,  is  equal  to  the  wt  of  a  unifurm  culuuiu 
of  water,  the  area  of  whose  cross-section  pai-allel  to  itti  base,  is  everywhere  equal  to  the 
area  of  the  surf  preQsod ;  and  whose  height  is  equal  to  the  vert  depth  of  the  cen  of 
grav  of  the  surf  pressed,  below  the  hor  surf  of  the  water.  Thia  fact  is  one  of  those 
important  ones  of  frequent  application,  which  the  young  student  should  impress 
firmly  upon  his  memory.  The  wt  of  a  cub  it  of  fresh  water  is  usually  assumed  to 
be  &J,}^  fbe  avoir;  which  is  sufficiently  correct  for  ordinary  engineering  purpoiios ; 
although  621^  is  nearer  the  truth,for  ordinary  temperatures  of  about  70°  Fah.  Hence, 

To  find  tbe  total  prea  of  quiet  water  aicalnst,  and  perp  to 
any  snrf  wbatever,  as  a  dam,  embkl,  lod.-gate,  <fc;  or  tfie  boUom^  side,  (tr  top 
"f  any  eontuini^  vessel,  water-pipe^  dk,  whether  said  surf  he.  vert,  hor,  or  inclirwd  at 
any  angU  whatever ;  or  whether  it  be  flat,  or  cui-vcd  ;  or  whetlter  it  reac/i  to  Uie  surf  of 
Uw.  water,  or  be  entirely  helow.it: 

Rule.  Mult  together  the  area,  In  sq  ft,  of  tbe  surf  pressed ;  the  veH  deoth  in  ft 

of  its  cen  or  grav  below  the  surf  of  the  water ;  and  tb«  consUnt  uumber  62.4.  The  prod  will  be  tbe 
r«tqa  pres  in  pounds.^  *^ 

Rx.  1.  Tbe  wall  A.  Fig  1 ,  is  50  ft  long ;  and  the  dq;>tb,  n o,  of  water  presaing  againat  iu  nert  back  ta 
nniformly  10  ft.    What  pres  does  the  wall  aastain? 

The  area  of  surf  pressed  is  &0  X  10  =  500  sq  ft.  And  the  vert  depth  of  iU  oen  of  grav  below  tbe  aarf 
of  ite  water  ia  5  ft;  hmioe, 

500  X  5  X  03.5  =  1562S0  poonds,  or  about  70  tons,  the  prea  reqd. 

The  pres  in  this  ease  being  perp  to  a 
vtrt  aurf,  is  horizontal ;  tending  either 
^      Ja^  ^M  ^  overturn  the  wall ;  or  to  uiako  it 

slide  on  its  base.  The  center  of  press* 
are  Is  at  e;  or  one-third  of  the  vert 
depth  from  the  bottom. 

Ex.  2.    As  in  the  foregoing  ease, 

the  wall  B,  Fig  1  >^,  is  50  ft  long ;  sjid 

,  „  the  vert  depth  of  water  ia  10  ft ;  but  it 

T2:  (^  1  ~ri         171  ^  *1  presses  against  the  aloping  side  of  the 

^^      &        Xlp^  wall;  no  being  15  ft.    What  is  the 

^  total  pres,  or  tbe  pres  perp  to  no;  or 

In  the  direction  of  the  arrow  7 

Here  the  area  of  surf  pressod  is  60  X  15  =  750  sq  ft.    And  the  vert  depth  of  its  oen  of  grav  below 

tbe  surf  of  tbe  water  l:i  5  ft,  as  before ;  henoe, 

750  X  5  X  62.5  =  234375  pounds,  or  about  105  tons,  the  total  pres  reqd. 
The  een  of  pres  as  before,  is  at  «,  one-third  of  the  depth  from  the  bottom. 

In  such  oases,  tbe  total  pres  perp  to  n  •.  may  be  considered  as  resolved  into  two  pressures ;  one  of 
tbem  acting  her,  dther  to  orothrow  tbe  wall,  or  to  make  It  slide ;  and  the  other  acting  vert  to  hold  it 
In  its  place.  And  If  the  sloped  line  n  e  be  Uken  at  aay  scale  to  represent  tbe  total  pres,  then  will  the 
vert  line  m  o,  measured  by  tbe  same  scale,  represent  tbe  hor  pres ;  and  the  hor  line  m  n,  the  vert 
one.  See  Art  34.  Force  in  Rigid  Bodies.  Ther^ere,  so  long  as  the  vert  depth  of  water  remains  the 
same,  the  hor  pres  resMlns  the  same,  no  matter  what  may  be  the  slope  of  no;  but  the  vert,  as  well 
as  tbe  total  pres,  will  increase  with  n  o.    See  Art  4.    In  Pig  2.  the  pres  tend:t  to  lift  the  wall. 

Rkm.  1.  This  total,  pres  of  the  water  is  of  course  distributed  over  the  entire  depth  of  the  wetted 
part  of  tbe  back  of  the  wall ;  being  least  at  top.  and  gradually  increasing  toward  the  bottom ;  but  so 
far  as  regards  tbe  united  action  of  every  portion  of  it,  in  tending  to  overthrow  the  wall,  considered  as 
a  single  mass  of  raamnry.  incapable  of  bein«  bent  or  broken,  it  may  all  be  ossuifMci  to  be  applied  at 
e:  dist  from  tbe  bottom  of  the  water  one-third  of  its  vert  depth ;  or,  which  is  the  same  thing,  at 
one-third  of  the  sloping  dIst  o  n,  Pigs  I H  and  2. 

Rbv.  2.  It  follows,  from  the  foreiroinir  rnle,  tliat  ilie  amonnt 
of  pres  of  water  agrninst  any  snrf  is  entirely  independent  of 
tbe  <|nantlty  of  tbe  water,  so  long  as  the  area  pressed,  and  the  vert 
depth  of  its  oen  of  grav  below  the  level  surf  remain  unchanged.  The  wall  A  or  H  would  sustain  as 
xreat  a  pres  fi-om  a  layer  of  water  only  an  Inch  thick  behind  It.  as  if  the  water  had  extended  back 
f«»r  miles.  From  this  cause,  retaining-walls  of  mortar  masonry  carelessly  backed,  have  been  bulged, 
and  cracked,  by  the  inflltratinn  of  rain  behind  them;  while  walH  of  dry  masonry  would  have  per- 
mitted tbe  water  to  escape  through  the  open  joints ;  and  would  therefore  have  stoo'd  safely. 

Also  In  vessels  a,  h.  Fig  2J^,  of  any  size  or  shape  whatever,  if  they  contain  / 
the  same  vert  depth  of  water ;  and  have  equal  bases  o  o,  pressed  by  said  depths  ; 
of  water,  the  pressures  on  the  bases  will  all  beeiiual,  without  any  regard  to 
the  quantity  of  water.  Or,  if  we  have  two  water-pipes  of  the  same  diam,  both 
fbll  of  water,  one  standing  vertically.  10  feet  long ;  and  the  other  20  miles  long, 
and  laid  at  an  inclination  of  ^  ft  per  mile,  so  as  to  make  its  vert  depth  of  water 
aliio  10  ft,  tbe  pressures  at  the  lower  ends  of  the  two  pipes  will  be  equal. 
This  fact,  that  the  pres  on  a  given  surf  ut  a  given  depth  is  independent  of 
the  quantity  of  water,  is  called  the  hydrostatic  paradox.  In  the  vessel  a,  the 
pres  ou  the  base  is  much  greater  than  the  wt  of  the  water ;  but  in  h,  it  is  less. 

Rem.  8.    Since  the  pres  of  water  ugalnst  any  point  is  at  right  angles  to  the  surf  at  that  point,  it  fol- 

•  This  is  strictly  troe  as  regards  the  pres  of  the  water  al»ne ;  and  this  is  usually  all  that  is  required. 
But  it  must  be  borne  In  mind  that  the  surf  of  the  water  Is  itself  pressed  by  th«  air;  to  the  average 
extent  (near  the  level  of  the  sea)  of  about  14.7  lbs  per  sq  inch  ;  or  21 1 7  tt«.  or  nearly  1  ton  per  sq  foot. 
Therefore  to  ftnd  the  true  total  pres,  we  should  ninit  the  area  in  sq  ft  of  the  snrf  pressed  by  the  water, 
by  2117  lbs ;  and  add  the  prod  to  tbe  water-pres  given  by  the  rule.  But  in  ordinary  engineering  eases 
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lowi  that  props  pp,  for  strengthening  snch  structures  as  the  sloping  dam  D,  Fig  8,  should  be  plaoed 
at  right  sugle^  to  tbeui  in  order  to  oppoM  tlie  greatest  possible  resisunce  to  the  pres.  Other  consid- 
eratiuud  may  at  tiuiea  preveut  our  doiug  so ;  thus  the  outer  prop.  p.  if  so  placed,  would  be  in  danger 
of  being  broken  by  ice,  or  logs  tumbling  over  the  dam ;  and  therefore,  had  better  be  more  near! j 
vertical. 

Rbm.  4.  It  follows,  from  the  foregoing  rule,  that  in  a  cubical  Tossel.  flll^  with  water,  the  pres  on 
the  base  is  equal  to  the  weight  of  the  water ;  that  on  each  of  the  four  sides,  to  half  the  weight  of  the 
water ;  and  that  ou  the  bottom  and  the  4  sides  together,  to  3  times  the  wt  of  the  water.  In  a  conical 
Texsel,  forming  an  entire  cone,  the  pres  on  its  hor  ba«e  is  equal  to  3  times  the  wt  of  the  water ;  and  so 
likewiae  in  a  pyramidal  vessel ;  for  in  both  cases  the  wt  of  the  water  is  but  H  that  of  auniform  column 
of  water  of  the  same  height.  In  a  full  spherical  vessel,  the  toUl  pres  against  its  entire  interior  snrf. 
Is  aUo  equal  to  3  times  the  wt  of  the  water,  as  in  a  cubical  one. 

Since  the  pres  inoreases  with  the  depth,  the  props  in  the  dam.  Fig  3, 
should  be  closest  together  near  the  bottom  ;  also  the  hoops  of  a  tanlt. 

The  followlnar  Table  gives  the  pres  to  the  nearest 

Bk  per  sq  ft  at  diff  vert  depths ;  and  also  the  total  pies  against  a  plane  one     — ^^       ^ 

foot  wide  extending  vert  fh>m  the  surface  to  those  depths.    The  first  in-  |fi  rf  'i 

ereases  as  the  depths ;  the  last  as  the  squares  of  the  depths.  '-*■&  ^ 

^  For  tlie  pjreft  In  lbs  per  8<^  ^'^^^J^*  5,°^  g^'^en  depth^  malt  the  de^th  in  ft 


a 

i 


Thus  we  see  that  at  the  depth  of  86  ft,  the  pres  of  water  against  a  single  sq  ft  of  surf,  whether  hor, 
vert,  or  oblique,  is  fully  1  ton ;  requiring  great  precaution  to  prevent  leakage,  or  breaking.  At  72  ti, 
it  would  he  2  tons,  Ac.    A  pres  of  0*2^  lbs  per  sq  ft  gives  a  pres«f  .484  lbs  per  sq  inch. 

Further;  let  a  b.  Fig  3>^.  be  a  tube  of  36  ft  vert  height ;  full  of  water ;  with  a  bore  so 
small  that  the  tube  would  contain  say  only  one  pound  of  water;  and  let  thid  tube  open  at 
Its  lower  end  into  a  vesnel  also  full  of  water;  the  top  and  bottom  of  which  are  8  ft  apart. 
Then  the  1  lb  of  water  in  the  tube,  will  cause  each  sq  ft  of  the  top  of  the  vessel,  (which 
is  36  ft  below  the  surf  of  the  water  in  the  tube)  to  be  pressed  upward  with  a  foree  of  2X50 
lbs,  as  per  table.  Each  sq  ft  of  the  bottom  of  the  vessel  (which  is  44  ft  below  the  sarf 
of  the  water  in  tbe  tube)  will  be  pressed  downward  with  a  force  of  2750  lbs ;  and  any  par- 
ticular sq  ft  of  the  sides  of  the  vessel,  will  be  pressed  hor  outward,  with  the  force  given 
in  the  table,  opposite  to  the  depth  of  tbe  cen  of  grav  of  said  sq  ft  below  the  same  water 
surf  of  the  top  of  the  tube,  whatever  said  depth  may  happen  to  he.  Or.  suppose,  first 
only  tho  !ower  vessel  to  be  filled  with  water,  and  its  inner  surf  to  be  snstaining  the  pres 
arising  therefrom ;  if  we  then  fill  tbe  36  ft  tube  with  Its  lib  of  water,  this  1  lb  will  create 
an  additional  pres  of  2250  lbs  against  every  sq  ft  of  said  Inner  surf:  so  that  If  the  6  sides  of  the 
vessel  be  each  H  ft  tqu«re ;  or  contain  fn  all  384  aq  ft  of  inner  surf,  this  1  lb  of  water  will  prodnoe  addi- 
tional pres  of  864000  lbs.  or  full  885  tons,  against  them.  If  we  then  press  upon  the  top  of  tbe  water 
with  our  thumb  to  the  extent  of  I  lb,  we  shall  thereby  redonble  this  enormous  pres.  This  fhet,  how- 
•iver.  belongs  to  Art.  7, 

Art.  2.    Sarfheen  i»reM€»d   on    botb  nldes;  and  Immeniefl. 

When  two  bodies  of  water  of  diff  depths,  press  against  two  oppo- 
site sides  of  a  plane  which  is  completely  immersed,  whether  vert  or 
sloping;  as,  for  instance,  against  the  two  sides  ab,no.  Fig  4;  or 
the  two  sides  d  e.  c  r,  then,  the  total  pres  against  ih,  ie,  ab.no,  or 
e  r.  Ac,  may  still  be  found  br  the  foregoing  rule,  in  Art  1 ;  but  the 
BxcRss  of  pret  against  the  part  ab.  or  d  e.  of  the  immerted  plane, 
hey/on  ft  the  eounter-pree  againut  the  opposite  part  n  o,  or  e  r,  will 
be  equal  to  the  wt  of  a  column  of  water  whose  section  is  equal 
to  the  area  of  the  part  ah.  or  d  e.  (as  the  case  may  be ;)  and 
who.se  vert  height  is  equsl  to  m  n.  or  xp,  the  vert  diff  of  level  of  the 
two  bodies  of  water.  Consequently,  this  excees  of  outward  pres  is 
found  by  mult  together,  the  area  of  a  5  or  d  e.  in  sq  ft;  the  vert 
hei(£ht  m  n  or  xp.  in  ft;  and  tbe  conntant  62.5  lbs  wt  of  a  cub  ft  of 
wntt^r.  Thus,  if  a  6  is  10  ft  high,  and  20  ft  long :  and  the  vert  height 
m  n.  1 2  ft ;  then  the  exeeta  of  pres  against  a  b,  over  that  against  n  o,  will  be10X20X12X  CS.5=1500M 
lb«.  The  excess  will  be  greater  on  d  c,  Chan  on  a  b,  although  both  are  exposed  to  the  same  vert  depths 
m  n.  X  p  :  because  the  area  of  d  «  is  greater  than  that  of  a  b.  Moreover,  this  excee*  of  outward  pres 
is  equally  distributed  over  the  entire  area  of  a  6  or  d  « ;  being  no  greater  at  b  and  e,  than  at  a  or  d ; 
In  other  words,  every  sq  ft  of  area  of  a  &  or  d  e  is  pressed  outward  at  right  angles  to  Its  snrf,  by  an 
excega  of  force  equal  to  the  wt  of  a  column  of  water  1  ft  sq  ;  and  of  a  height  equal  to  m  n,  or  zp. 

this  pres  of  the  air  may.  and  should  ft«  omitted ;  because  it  Is  counterbalanced  by  an  equal  pres  of  air 
asMust  the  opposite  side.  fsce.  or  surf  of  the  pressed  body.  It  heoomes  necessary,  therefore,  to  tsJte 
«  tnto  oonslderation  only  when  the  opposite  face  of  the  bodv  is  not  exposed  to  a  ooantetbalimeiac 
atmospherie  preMore ;  as  wben  there  Is  a  vaouom  on  that  side. 

Digitized  by  VJ  W^  V  IC 


HYDBOeTATICS. 


22(> 


eaoa  of  Urn  5.  whieh  muj  rtpfMent  flv* 
planka,  I,  2,  S,  i,  and  5,  formiug  a  (Urn.  aod  Mea  MdwiM ;  each  om  I  fl 
10  depita,  and  say  ilO  ft  long  bor ;  Biaking  tb«  araa  «r  eaoh  surf  preMcd. 
eqaal  to  W  sq  fl.  The  pres  iu  lbs  agaiaat  eaota  KiMurate  iO  tqttot  area, 
oaloQlated  by  the  rale  in  Art  I.  in  shown  in  the  flg.  Now,  the  oatward 
pres  against  the  upper  imm«r$ed  W  ft  area,  or  that  of  plank  S.  ia  3125  lb« ; 
while  the  counter-prea  against  it  from  the  other  aide  ia  <U6  Ib« ;  making 
the  excett  of  oatward  prea  equal  to  312S  —  625= 2S00  Iba.  Again,  at  the 
loweat  plank,  number  5,  the  oatward  prea  ezoaeda  the  Inward  one  bj 
6625  —  3125  =  2500  0>8,  the  same  aa  in  ibe  upper  one.  And  ao  of  any  other 
equal  area  of  surf,  at  any  depth  whatever ;  the  exoeaa  depending  upon  Um 
▼ert  height  of  m  u,  will  be  equally  diaiributed  over  a  b.  It  only  remaina 
to  show  that  the  total  exoess  of  outward  prea  agaiuat  a  b,  ia  equal  in 
amount  to  the  wt  of  a  uniform  column  of  water  with  a  base  equal  in  area 
to  a  fr,  and  with  a  height  equal  to  mn.  Thua,  we  have  aeen  that  in  the 
Inaunee  before  oa,  the  exoeaa  amonnU  to  S  tiraea  2500  Iba,  or  to  7500  Im. 
Now.  (he  wt  of  the  column  of  water  will  be  60  (or  area  of  a  ft\  X  •»  n  (or 
2  ft)  X  62.5  Iba  =  75UO  Iba ;  or  the  aame  aa  the  eaecaaa  prea  on  a  6. 
The  excesa  of  prea  againat  the  entire  aide  •  6,  over  that  agaiaat  n  o,  U 
evidently  the  diff  between  thoae  two  preeaurea  calculated  reapectively  .by  the  role  in  Art  I. 

Art.  3.  SnrAbces,  vert,  Mhtne»,anot,V\K6,or  otberwlM»,  of 
eqn»l  wldtlis,  b  m,  a  n:  cemnienclnip  at  the  level,  bantn^  of 
the  water,  hnt  extending:  to  dllT  depths^  m  r,  n  o,  measnre^l 
Tert;  and  having  the  sante  Inclination  to  th«*  snrf  of  the 
water;  nrnttaln  total  pressures  proportional  to  the  squares 
of  those  depths. 

In  Fig  6,  let  the  two  vert  aidea,  «  mo  t,  and  5  m  c  a,  of  a  veaael, 

have  the  aame  width  a  n.  and  6  m :  then  if  the  depth  n»  e,  be  2,  3. 

4,  5,  Ac.  timea  greater  than  the  depth  n  o,  the  prea  againat  the  aurf 

5  mca.  will  be  4,  9, 16.  25,  to.  timea  greater  than  that  againat  an  o  I. 

This  will  be  seen  by  referring  to  the  preaaurea  figured  on  the  left  aide 

of  Fig  5,  where,  aa  suted  in  Art  2,  the  aurf  of  plank  1,  exposed  to 

the  prea  on  the  left  aide,  ia  20  aq  ft :  that  of  planka  1  and  2,  40  aq  ft; 

that  of  planka  1,  2.  and  3,  60aq  ft,  Ac.    All  tbeae  aurfa  commence  at 

^..^^^  jk     "w-j  the  level  of  the  water;  and  all  of  them  being  vert,  are  of  courae  at 

jr'%.  -^  /*  the  «ame  inclination  with  the  water  aurf;  but  their  deptha  are  re- 

'  N.  V      1?    i?      apeotively  I,  2,  aodS  ft.    The  prea  against  the  aurf  of  1,  ia  625  Iba; 

X     mj        ^  "      tbat  againrtt  the  aurf  of  1.  2.  ia  6254- 1875  =  2500;  and  that  againat 

^^  the  surf  of  1,  2.  3,  U  625 -f- 1875 +312o  =  5625.   But  2500  ia/bnrtimes 

625;  and  5625  is  nine  time«  625.     And  the  prea  againat  the  entire 

forf  •  6,  (whieh  la  5  timea  aa  deep  aa  plauk  1,)  ia  ^  tim&t  aa  great  aa  that  againat  pUnk  1 ;  or 

•35  X  'i5  =- 15625  fta  =  the  sum  of  all  the  preaaurea  marked  on  the  left  aide  of  Fig  5. 

Thia  follows,  from  the  Rule  in  Art  1 ;  for  twice  the  area  of  surf,  malt  by  twfee  the  vert  depth  of  the 
oen  of  grav  below  the  surf,  must  give  4  timea  the  prea :  three  timea  the  area,  by  three  timea  the  depth* 
Boat  give  9  timea  the  prea.  kc.    See  third  columns  of  table,  p  224. 

It  followa,  alao.  that  at  any  particular  poinl,  or  against  any  giutn  area  piaoed  at  various  depths,  the 
prea  will  increase  simply  aa  the  vert  depth :  thus,  if  there  be  three  areas,  each  one  sq  ft.  piaoed  in 
the  same  poaitiona.  but  with  tbeir  ceutera  of  grav  respectively  8.  16,  and  24  ft  below  the  surf,  the  pree 
Bgainet  them  will  be  respectively  at  8, 16.  and  24 ;  or  a«  1 ,  2,  and  3.    Bee  second  eolamna  table,  p  224. 

Art.  4.  The  pressure  of  quiet  water,  lu  anyone  irli^«n  di- 
rection, against  any  given  aurf,  whether  yert,  hor,  inclined,  flat,  or  curved,  is  equal 
to  the  wt  of  a  nniform  column  of  water,  the  area  of  whoae  section,  parallel  to  its  baae,  ia  everywhere 
eqsal  to  the  area  of  the  pnJ4ctUm  of  th*  pretBd  turf  taken  perp  to  the  given  dWectwn ;  and  the 
height  of  the  column  equ:il  to  the  vert  depth  of  the  oen  of  grav  of  the  presaed  aurf  below  the  upper 
Mirf  of  the  water.    Hence  the 

KuLR.  To  And  the  pres  In  lbs,  mult  together  the  area 

in  sq  ft  of  the  prnjectioa  taken  at  right  angles  to  the  given  direction  ;  the 
vert  depth  in  ft  of  the  cen  of  grav  of  the  pressed  surf  below  the  upper  aurf 
of  the  water;  and  the  constant  62.5  lbs  wt  of  a  cub  ft  of  water. 

Rx.    Let  m  cs  n.  Fig  7.  be  an  inclined  surf,  sustaining  the  prea  of  water 
which  ia  level  with  iu  top  m  e.    Then  the  total  pree  against  Mean,  and  at 
right  anglea  to  it.  aa  found  bv  the  rale  in  Art  1,  is  an  illnatration  of  the  prea> 
ent  rule;  because  the  projection  of  mean,  taken  at  right  angles  to  the  given 
*^.       «^  direction,  or  parallel  to  m  e  «  n.  is  in  fact  mean  itself,  or  equal  to  it.  Henoe 

r\Q   g  the  rule  in  Art  1  is  merely  a  simple  roodlftcatlon  of  the  present  one,  appli- 

«|   «  cable  to  the  ease  of  total  pres  against  any  surf. 

But  If  It  be  reqd  to  and  only  the  vert  or  downward  pres 
airalnst  mean,  !n  pounds,  mult  together  the  area  of  the  hor  projection  ancm 
la  Ml  ft;  the  vert  depth  in  ft  of  the  cen  of  grav  of  m  e «  n  below  the  snrf :  and  62.5.  Or  if  only  the 
Aer  prea  againat  m  e  a  n  be  sought,  mult  together  the  area  of  the  vert  projection  aotn;  the  vert 
depth  of  the  oen  of  grav  of  n»  e  a  n;  and  62.5. 

In  Fig  8  alao,  the  total  prea  againat  a/^  A  ia  found  by  rule  In  Art  1 ;  while 
the  hor  and  vert  pressures  against  it  are  found  as  in  Fig  7.  by  using  the  projec- 
tions «  /t  i,  and  high.  In  Fig  7  the  vert  pres  is  downward :  while  in  Fig  t 
it  l«  npward ;  bat  thia  cironastanee  in  ao  respeet  afleete  the  rale. 


Rkm.  1.  At  any  given  depth,  the  prea,  perp  to  anv  given  aurf,  la  the  aame 

in  all  directions ;  but  Figs  7  and  8  show  that  the  total  pres  oW<«m«  to  a  given 

n.       o~  aurf  will  be  leas  tbahjhe  perp  one  at  the  same  d<yth;becauw  an  obUqiw 

'  Fia  O  jeotloo  of  a  snrf  mast  be  less  than  the  aurf  Itaelf,  which  last  a  th«  ?"*"»»«•• 

3  when  the  prea  U  perp  to  it.    Thua,  in  a  reaervoir,  the  t«tal  prea  perp  to  a 

sloping  aide,  aa  m  »  •  c,  Fig  7,  ia  greater  than  either  the  vert  or  the  bor  pres  upon  It. 
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essel  fall  of  water;  « 

u  tLe  cirounif  of  tbe  base  will  b«  TT 

1  of  ita  slikQt  side  a  bor  ac,  3.16  /k 

L2iiil  =  ».»3  »q  fl;  aud  the  /  ^ 

wUl  be  at  two-third«  of  tbe  vert  ^  '   ^^  ( 


1^9 


a 

1> 

^ 

K 
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|  — 

in 
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,  Again,  let  Fig  9  represent  a  eoiil<»l  vessel  fall  of  water; 

tu  btuie  6  c,  2rtdiaiu:  iu  vert  height  oh.  Sft;  tlieu  f -  .^-  ^ ...  -. 

8.2832  rt;  the  area  of  the  base  3.1416  sq  ft;  the  leugih  o 
ft;  the  area  of  iU  curved  alaoting  aides  will  be  *'**^*  ^  ' 

rav  nf  the  alautiug  aides  will 

,  or  2  ft. 

res  againiit  the  base,  we  have  bj  rule  Id  Art  I,  8.1416  X  3 

be  toul  pres  agaiust  tbe  slaut  sides,  by  tbe  same  rule, 

ii.  For  tbe  vert  pres  upward  apaiust  tbe  entire  area  of  the 

I  tbe  area  of  tbe  buse  (which  is  here  tbe  bor  projection  of 

tod  the  vert  depth  of  the  ceu  of  grav  of  the  slaut  sides,  2  ft.    Therefore, 

>s,  the  upward  vert  pres. 

iu  auy  giveu  direction  against  the  slant  sides  of  one  half  of  tbe  cone,  w« 

that  half,  represeuifd  by  the  triangle  a  b  c.  with  its  base  2  ft.  and  its  perp 

lly ,  with  an  area  of  3  sq'ft.    Tbe  depth  of  its  oen  of  grav  is  2  ft ;  therefore, 

reqd  bor  pres.* 

ints  a  vessel  full  of  water,  tbe  total  pres 

il  surf  av  em  dk,  aud  perp  to  it,  must  be 

B  vert;  but  inasmuch  as  tbe  surf  is  curved, 

f  rule  in  Art  I,  acts  against  it  in  many  di- 

epresented  by  an  inftuitc  number  of  radii 

.    But  let  it  be  reqd  to  find  the  bor  pres  in 

say  parallel  to  o  e,  or  perp  to  a  d ;  which 

to  tear  the  corved  surf  away  f^om  the  flat 

ly  producing  fractures  along  the  lines  «  v 

4:ud  to  burst  a  pipe  or  other  cylinder.  In 
.-.<>  x-.^,  „.„..  .^^.„«.  wje  area  of  the  vert  projection  adkv  in  aq 
ft;  the  depth  of  the  cen  of  grav  of  the  curved  surf  in  ft;  (which,  in 
the  semi-cylinder  would  be  half  of  e  m,  or  of  o  f ;)  and  62.5.  Since 
the  resulting  pres  is  resisted  equally  by  the  strength  of  tbe  vessel 
along  tbe  two  lines  a  v  and  d  i:,  it  is  plain  that  each  single  thickness 
along  those  lines  need  only  be  sufficient  to  resist  safely  one  half  of  it ; 
and  so  in  the  case  of  pipes,  or  other  cylinders,  such  as  hooped  cisterns 
or  tanks.    See  Art  17. 

Should  tbe  pres  against  only  one  half  of  tbe  curved  surf,  as  edmk 
be  sought,  and  in  a  direction  parallel  to  o  d.  tending  to  produce  frac- 
tures along  tbe  lines  «  m,  aud  d  k,  then  use  the  vert  projection  oemi\  with  the  same  depth ;  and  62.5 
as  before.  ,.,  ^  . 

It  follows,  that  If  the  face  of  ametallio  piston  be  made  concaTe  or  oonrex,  no  more  pres  will  be  reqd 
to  force  the  piston  through  any  dist,  than  if  It  were  flat;  tor  tbe  pres  again«t  the  face  of  the  piston, 
iu  the  direction  in  which  it  moves,  must  be  measured  by  the  area  of  a  prt^ection  of  that  face,  takea 
at  right  angles  to  said  direction ;  and  the  area  of^said  projection  will  be  the  same  in  all  three  cases. 

Rem.  2.    If  a  bridipe  pier,  or  other  c^onstriictloii, 
Fii;- 10  U,  be  fonndecl  on  snnd  or  grrn  vel,  or  on  any  kind  of 

foundation  through  which  water  mav  find  its  way  underneath,  even  in  a  very  thin 
sheet,  then  the  upward  pres  of  the  water  will  take  efFpct  upon  tbe  pier ;  and  will  tend 
to  lift  It,  with  a  force  equal  to  the  wtof  tbe  water  displaced  by  the  oler;  (Arts  18, 
19.  In  other  words,  the  effective  wt  of  the  tubmerged  portion  of  the  pier, 

will  be  reduced  62H  !*►■  per  cub  ft:  or  nearly  the  half  of  the  ordinary  wt  of  masonry. 

Bat  if  the  fonndaf  ion  be  on  roek,  covered  with  a  layer 

of  cement  to  prevent  the  infiltration  of  water  beneath  the  mssnnry.  no  such  efoct 
will  be  produced ;  but  on  the  oontrary.  tbe  vert  pres  downward,  afforded  by  tbe  bat- 
tering sides  nf  tbe  pier,  and  bv  its  offsets,  will  tend  to  hold  it  down,  and  thus  InoreaM  its  atability ; 
which,  in  quiet  water,  will  then  actually  be  greater  than  on  laud. 

Art.  5.  To  divide  a  reetangriilnr  surf, 
whether  vert  h.%  ahed,  or  inclined  a« 
tnnop,  Fiff  11,  whOAe  top  a  &  or  m  n  is 
level  with  the  surf  of  tiie  water,  by  a 
hor  line  x  2,  such  that  the  tottil  pres 
avainst  the  part  above  said  hor  line, 
shall  eqnai  tliat  against  the  part  be- 
low it. 

RuLB.  Mult  one  half  of  tbe  length  of  b  e.  ormp,  as  the  case 
may  be,  by  tbe  constant  number  1.4142;  the  prod  will  be  &  2, 

Bx.  '  Let  ft  e=  12  ft.  Then  6  X  1.4142  =  8.4852  ft;  or  6  3. 
Let  m  p  =  16  ft.    Then  8  X  1.4142  =  11.3136  f^  or  i»  x. 

Bbm.  The  line  x  2,  thus  found,  must  not  be  ooufounded  with 
the  cen  of  pre:  which  Is  entirely  diff.   See  Art  8.  ^ 

Art.  6.  In  a  reetanynlar  surf,  whether  vert  as  a  fr  c  d,  or  in- 
e1ine4l  as  tnnop,  Fiy  11.  wh<Mie  top  a  6  ornt  n  coincides  with 
thesnrf  of  the  water,to  find  any  nnmber  of  points,asl,2.  Ar. 
thronffh  which  if  hor  lines,  as  1  m^  ttas,  Ac,  be  drawn,  they  n  ill 
divide  the  ipiven  snrf  Into  smaller  reetaniples,  all  of  whieh 
shall  snsfain  eqnal  pressures. 

RuLR.  First  fix  on  the  iinniber  of  small  rectangles  reqd.  Then  for  point  I  ftnom  the  top.  mult  tlie 
Buniber  1 ,  by  this  number  of  rectangles.  Take  the  sq  rt  of  the  prod.  Mult  this  sq  rt  by  the  entir*  length 


R^IO^ 


*  In  a  sphere  filled  With  a  fluid  the  total  inRi(^e.^|>|^|^^|^^ 


of  flnid. 
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&  e  or  M  p.  M  tlie  om«  may  be.  Mv  the  prod  b;  the  uaaber  «f  reetanglet.  The  qoot  vtn  be  the  diet 
i  1.  or  n  I,  an  uie  cmo  may  be. 

For  the  diet  i  S,  or  h  2,  proceed  io  preoiaely  the  Muue  way;  o«ly  iitittead  of  tbe  Dumber  1,  aae  the 
namber  2  to  be  mull  by  tbe  number  of  reouiDgtea:  and  ao  use  auoeeMlveiy  tbe  aumbeni  3,  4,  6,  Ae, 
if  it  be  reqd  to  find  that  number  of  potuti. 

Rr.  liOt  i  e  =  10  ft ;  and  let  U  be  reqd  to  find  2  points,  1  and  2,  for  dlvidiuc  the  reetanguiar  aurf 
ahe  d  into  3  rectangular  parte,  which  ahall  sustain  equal  pnauurea.    Here  v/v  have  for  point  1, 

1XS=S.    Thesqitof  8=1.73i    And  1.732 X  10  (or  J  c)  =  17.32.    And  — -^ =5.773ft  =  4L 

3  ruutaugles 
For  point  2,  we  have 

2X3=6.  Tbe-aqrt  of  6=2.449.  And  2.449  X  10  (or  i  e)= 24.49.  And ^^ =  8.163ft  =  ft2. 

3  rocuuiglod 
And  ao  for  any  number  of  pointa. 

Rem.  1.  This  rule  will  be  found  useful  In  Bpncinv  AlieerosH«> 
barn  of  loek-ipates ;  tbe  hoops  around  eylludrical  elsterus; 
and  the  props  to  a  structure,  like  ¥i§;  3. 

&£]!.  2.  For  divldliiir  Any  surf,  wnobed^  FinT  12.  which  is  not 
reetanjrular,  iu  the  same  utauner, 

with  an  aeearaey  suOeieat  for  laoat  practical  purpoaea,  per. 
bapa  the  Mlowing  method  ta  aa  eonveuieut  u*  may. 
RoLC  First  dir  the  aurf,  aa  in  Fig  12,  iuu)  msreral  amall 
*  her  parts,  equal  or  not,  at  pleaaure.  Then  by  Buie  in  Art  I, 
Und  the  pres  on  each  part  aepar&tely,  aa  U  supitoaed  to  bo 
done  in  tbe  numbera  on  the  left  baud  of  the  fig.  The  aum  of 
the»e  (in  this  case  l&il0>  is  tbe  total  prea  against  the  enUre 
aurf  o  h  e  d.  Now  aeppoae  we.  winh  to  div  this  surf  in  4  paru 
bearing  equal  pres;  first  dir  15510  by  4  =  3878.  Then  begin- 
ning at  the  top,  add  together  a  number  of  tbe  eeparute 
presiiures  sufllcient  to  amount  to-  3878 ;  by  this  means  And 
point  1.  Then  proceed  with  the  addition  until  the  aum 
amounts  to  twice  3878,  or  7756,  which  will  indicate  point  2; 
an<l  in  the  same  manner  find  points,  by  adding  up  to  three 
times  3878.  or  11634.  Then  the  hor  doued  lioes  ruled  through 
points  1.  2.  and  3,  will  give  the  read  divisions  approximately. 
In  thi.s  manner  the  hoops  of  conical,  and  other  shaped  vea- 
Fiif.  12.  *^^''  °^*y  ^  apaced  nearly  enough  for  practical  purpoaea. 

Art.  7.  The  transmission  of  pressure  throu«rh  water.  Wa* 
ter,  in  common  with  other  fluids,  possesses  the  important 
property  of  transmitting:  pres  equally  in  all  directions.  Tims, 

suppose  the  vessel,  Fig  13,  to  be  entirely  closed,  and  filled  with  wnter; 
and  suppose  the  transverse  area  of  T,C,  U,  and  R,  to  be  each  equal  to  one 
sq  inch.  Then,  if  by  means  of  a  piston,  or  otherwise,  a  pre*  of  1  A,  1 
ton;  or  any  other  amount,  be  applied  to  the  one  sq  inch  of  area  of  T,  G, 
D,  or  B,  every  sq  inch  of  the  inner  surf  of  the  veaael,  and  of  the  pipe  a, 
will  inatantly  receive,  at  right  angles  to  it<>elf.  an  equal  pres  of  1  b.  or 
1  ton,  Ac ;  in  addition  to  the  pres  which  it  before  sustained  from  the 
water  itself;  and  this  will  occur  if  the  ves^ol  consist  of  parts  even  miles 
asunder;  as,  for  instance,  if  T  were  miles  dUtant  from  B:  and  united 
to  it  by  a  long  series  of  tubes.  If  the  vessel  were  a  strong  ateam  boiler 
full  of  water,  a  single  pres  of  a  few  hundred  pounds  at  T,  C,  Ac,  would 
burH  it.    See  also  fig  3>^. 

The  hydrostatic  press  acts  on  this  prin- 
ciple.   Any  body,  within  the  vesuel,  Muuld  also  receive 
an  equal  additional  pre*  on  each  sq  inch  of  its  surf. 

If  the  top  of  T  be  open,  tbe  air  will  press  upon  the  aq  inch  of  the  ezfUMted  snrf  of  water  to  the  extent 
of  nearly  IS  Iba ;  and  the  aame  degree  of  prea  will  (tiso  be  transmitted  to  everv  sq  inch  of  tbe  interior 
surf  of  the  veasel,  and  its  connecting  tubes ;  but  no  danger  of  boi-ating  will  result  from  this  atnio. 
apherle  pres,  because  the  air  also  presses  every  sq  inch  of  the  outside  of  the  vessel  to  the  aame  extent. 

Air,  and  other  vaseous  fluids,  transmit  pres  equally  in  all 
directions,  like  liquids :  but  not  m  rapidly. 

Art.  8.    The  center  of  pressure.    Let  Fig  U 

repreaent  a  vessel  full  of  water,  and  suppose  the  side  P  to  be  perfectly 
loose,  ao  as  to  he  thrown  outward  by  the  slightest  pres  of  the  water  from 
within.  Now,  there  is  but  one  single  point,  P,  in  every  surf  so  pressed, 
no  matter  what  its  shape  may  be,  to  which  if  we  apply  a  force  equal  to 
the  pres  of  the  water,  and  in  a  direction  opposite  to  said  pres.  the  side  P 
will  be  thereby  prevented  from  yielding.  Such  point  is  called  the  cen- 
ter of  preature.  It  must  not  be  understood  by  thiH  that  tbe  actual 
amount  of  pres  of  the  water  against  that  part  of  the  surface  which  ia 
above  tlie  hor  dotted  line  passing  through  P.  is  equal  to  that  of  the  water 
below  said  line ;  but  that  the  sum  of  the  products  of  the  aeveral  pressures 
above  it,  mult  by  their  aeveral  leverages,  or  vert  dists  from  P,  is  equal 
to  tbe  sum  of  the  products  of  the  presaures  below,  mult  by  their  lever* 
agea ;  or,  in  other  words,  that  the  sum  of  the  momenta  around  the  point 
P,  of  the  pressures  aliore  the  line,  is  equal  to  the  aum  of  the  momenla 
Pijr.  14.  of  those  below  it;  ao  Uiat  if  a  hor  Iron  rod  6  6  were  passed  entirely 

through  the  side  P,  at  tbe  aame  level  aa  the  dotted  line,  as  shown  in  the 
fig.  ao  aa  to  »nv€  as  a  binge  for  tbe  side  P  to  turn  on,  the  side  would  have  no  tendency  to  turn. 
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Art.  9.  To  find  tbe  cen  of  pres  of  a  qalet 
fluid,  a^painst  a  plane  sarfaee.    Fig  15. 

1.  The  ceuter  ef  pressure  of  »  quiet  fluid  against  uuy  plane  surface 
whose  width  is  uniform  throughout  its  depth,  whether  said  surface  be 
vertical,  as  eo,  or  inclined,  aii  ca,  (or  iuciined  in  the  opposite  direction:) 
and  whose  tope,  or  e,  coincides  with  the  hor  water  surf;  is  distant  vert 
below  the  water  surf,  two-Uiirds  of  the  vert  depth,  •  x,  from  said  water 
surf  to  the  bottom  of  th'i  plane ;  as  at  n  and  i.  inasmuch  as  a  hor  line 
at  %  of  the  depth  of  ax,  intersects  both  ca  and  eo  at  ^  of  their  lengths 
respectively,  we  might  say  at  once  that  the  ceuter  of  pres  against  a  plane 
of  uniform  width  is  at  two-thirds  of  its  length  below  the  water  surface. 

Throughout  Art  9  any  measure,  as  yard,  foot,  or  inch 
Ac,  may  be  used. 

2.  But  if  the  hor  top  a,  or  o,  Fig  16,  of  the  rectangular  plane  a  a,  or 
oh,  be  covered  to  some  depth  with  water,  then  the  vert  depth  « m,  of  th* 
cen  of  pres  d,  or  e,  below  the  surf  of  the  water,  will  be  equal  to 

2     .      cube  of  •  c  —  oube  of  « tc 

*  square  of  «  c  —  square  of  •  to 
where  se  is  the  vert  depth  of  the  bottom,  and  •  w  the  rert  depth  of  the 
top,  of  the  pressed  surf,  below  the  water  surf.  Or,  in  words :  From  the 
cube  of  «c  take  the  cube  of  fw;  and  call  the  rem  a.  Then,  from  the 
square  of  «  e.  take  the  square  of  »w ;  and  call  the  rem  h.  Div  a  by  b, 
and  take  two- thirds  of  the  quot  for  «  n». 


Figr.  16. 


3.  When  a  plane  surf  of  any  shape  whatever,  whether 
rectangular,  triangular,  or  circular,  Ac;  whether  vert  as 
op,  Fig  17,  or  inclined  as  mn,  is  entirely  immeraed,  so  as  to 
be  pressed  over  the  entire  area  of  both  sides :  but  by  diff 
depth*  of  water  on  its  two  sides ;  then  the  cen  of  pres  coin- 
cides with  the  cen  o/f/rav  of  the  pressed  surf. 

In  the  S  foregoing  figures  the  supposed  surfaces  are  shown 
edgewise,  so  that  their  widths  do  not  appear. 


4.  In  any  triangular  plane  surf,  whether  right-angled,  or 
otherwise,  as  a  6  c.  Fig  18 ;  whether  vert,  or  Inclined ;  the  hate 
a  b  of  which  coincides  with  the  hor  surf  of  the  water ;  the  cen 
of  pres  o,  will  be  in  the  center  of  the  line  er,  which  bisects  tht 
base  a  ft. 

6.  Bat  If  the  triangle,  as  a  «  e,  vert,  or  inclined,  have  Its 
t^ex.  a,  at  the  surf  of  the  water;  and  its  base  •  c,  Aor;  then  the 
cen  of  pres  x,  will  also  be  in  the  line  am  which  bisects  the  base ; 
bat  ax  will  be  9i  of  am. 


6.    If  any  plane  triatigle  ale,  Fig  19.  base  np,  and  hor ;  have  lu  base 
%b  covered  to  some  depth  nd,  with  water;  then  the  cen  of  pres  o,  will 
be  in  the  line  e«  which  bisecto  the  base ;  and  no  will  be  equal  to 
mxt  ^  (2mx  X  ma)  +  Umat 

{mm  -I-  2ma)  X  a.  X 


7.  The  oenter  of  prM  against  MIT 
plane  rectangular  surfaoe.  Fig  20, 
whether  vert  as  m  n,  or  inclined  as 
po,  or  wx;  having  its  top ooinciding 
with  the  surf  of  the  water;  and 
pressed  by  dilf  depths  of  water  on 
lu  opposite  sides,  as  shown  in  the 
fig;  will  be  vert  below  the  upper 
water  surf,  a  dist  equal  to 


Fig.  19. 


Fig.  20. 
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8.  To  find  the  ceo  of  pree  ag«inst  either  a  circular,  or  an  elliptic  surf,  pressed  oa 
one  side  only ;  whether  vert,  or  inclined ;  and  having  its  toi*  either  coinciding  with 
the  surf  of  ihe  water,  or  below  it. 

Call  the  vert  depth  of  the  cen  of  pres  below  the  water  surf,  k. 

The  vert  (or  inclined,  as  tlie  case  may  be;  $emi  diam  of  the  surf,  r. 

The  vert  dist  of  tiie  cen  of  the  pressed  surf,  below  the  water  surtl^  d. 


Then,  A  =  —  +  d. 
4a 


In  a  Tert  elrcle  with  top  at  surf,  h  —  \%  rad. 


r-^ 


Art.  10.  Walls  for  reslstlngr  t'tke  pr«s  of  qniet  Wfit^r.  A  study 
of  what  we  have  said  on  retaining-walls  for  eartli, 
will  be  of  service  in  this  connection.  It  is  of  course 
assumed  that  the  water  does  not  find  its  way  under 
the  wall ;  and  that  the. wall  cannot  slide.  In  making 
calculations  for  walls  to  resist  the  pres  of  either  earth, 
or  water,  it  is  convenient  to  assume  the  wall  to  be  but 
one  foot  in  Umqlk ;  (not  height, or  thickness ;)  for  then 
the  nnmber  of  cub  ft  contained  in  it,  is  equal  to  that 
of  the  sq  ft  of  area  oS  its  cross-section,  or  profile ;  so 
that  these  sq  ft,  when  mult  by  the  wt  of  a  cub  ft  of 
the  masonry,  give  the  wt  of  the  wall.  In  ordinary 
cases,  it  is  well  for  safety  to  assume  that  the  water 
exteuds  down  to  the  very  bottom  line  of  the  wall. 
Now,  by  Art  1.  the  total  pres  of  quiet  water,  against 
Uie  rectilineal  back  of  a  wall,  whether  vert  or  sloping,  is  found  in  9)s,  by  mult  to- 
getlier  the  area  in  sq  ft  of  the  part  actually  pressed,  (or  in  contact  with  the  water;) 
half  the  vert  depth  of  the  water,  in  ft,  (being  the  vert  depth  of  the  cen  of  grav  of  a 
rectilineal  back,  below  the  surf;)  and  the  constant  62.5  fts;  and  this  total  pree  is 
always  perp  to  ike  preaaed  area. 

When  the  back  of  the  waU  is  vert,  as  in  Fig  2uU,  this  pres  p  is  of  course  less  than 
when  it  is  battered;  and  is  also  hor;  and  it  tends  to  overthrow  the  wall,  by  making  • 
it  revolve  around  its  outer  toe,  or  edge  L  The  ceri  of  pres  is  at  c;  ca  being  ^  the 
veri  depth  on;  in  other  words,  the  entire  pret  of  the  water,  so  far  as  renrds  over- 
throwing the  wall  as  one  maas,  (see  Iforce  in  Kigid  Bodies,)  Hay  be  consid- 
ered as  concentrated  at  the  point  e ;  where  it  acts  with  an  overthrowing  leverage  1 1^ 
(see  Arts  46, 47, 49  of  Force).  The  pres  in  fits,  mult  by  this  leverage  in  feet,  gives  the 
moment  in  ft-Ibs  of  the  overturning  force;  (see  Art  49, 
Force  in  Bigid  Bodies.)  The  wall,  on  the  other  hand, 
resists  in  a  vert  direction  g  a,  with  a  moment  equal  to  its 
vrt  (supposed  to  be  concentrated  at  its  cen  of  grar  g,)  mult 
by  the  hor  dist  a  (,  which  constitutes  the  leverage  of  the 
wt  with  respect  to  the  point  ( as  a  fulcrum.  If  the  mo- 
ment of  the  water  is  greater  than  that  of  the  wall,  the 
latter  will  be  overthrown;  but  if  less,  it  will  stand. 

Rf.m.  1.  Art  49  of  Force  in  Rigid  Bodies,  will  sufficiently 
explain  the  subjects  of  moments  and  leverage ;  and  miUce 
it  evident  that  the  same  principle  applies  also  to  sloping 
backs,  as  in  Fig  21.  Here  the  overturning  moment  of  the 
water  is  equal  to  its  calcnUted  pres  p  X  its  leverage  tl; 
while  the  moment  of  stability  of  the  wall  is  equal  to  its 
wt  X  its  leverage  at  By  aid  of  a  drawing  to  a  scale,  we  may  on  this  principle  ascer- 
tain whether  any  proposed  wall  will  stand.  For  we  have  only  to  calculate  the  pres  p  ; 
then  apply  it  at  c,  and  at  right  angles  to  the  back ;  prolong  it  to  I ;  measure  tlbj  Uie 
same  scale.  Then  calculate  the  wt  of  wall ;  find  its  cen  of  grav  g ;  draw  g  a  vert,  and 
measure  the  leyerage  a  t.  We  then  have  the  data  for  calculating  the  two  moments. 
For  finding  the  cen  of  grav,  see  Cen  of  Grav,  Trapezoid,  p.  361  e. 

Rkm.  2.    If  the  water,  instead  of  being  quiet,  is  liable  to  waves,  the  wall  should 
be  made  thicker. 
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Fig.  24. 


Art.  11.  To  nn^  the  tbickness  at  base  of  a  wall  reqnired  to  he 
safe  against  overturning  under  the  pres  of  quift  water  level  witli  iis  top,  and 
pressing  against  its  entire  vert  back.    Caotlon.    See  Art.  13,  p  231. 


(Iflt)  Tertieal  wall.  Fig  22. 


Thickness 
in  feet 


Height  /   Factor  of  safetv  •    _  Height      the  proper  decimal 

io  feet  X  \  3  X  sp  grav  of  wall  "  i"  «««^  ^  "»  following  table 

To  change  a  vert  wall  into  a  battered  one,  see  Art.  8,  p  691. 

(2d)  Blfflit  anffled  trlangrular  wall.  Fig  23. 

Thickness      Height  /   Factor  of  safetv  *       'Height  ^^  the  proper  decimal 

?i  feet     ^  ^"  ^^^  ^  V2X8P  grav  of  wall  =  *"  ^^^^  ^  *"  following  table 

=  thickness,  mOy  of  vertical  wall  X  1.225. 

Notwithstanding  their  greater  thickness  at  base,  8uch  triangular  walls  con- 
tain, as  seen  by  the  fig,  not  much  more  than  half  the  quantity  of  masonry  reqd 
for  vert  ones  of  equal  stability.  This  Is  owing  to  the  fact  that  their  cent  of 
grav  is  thrown  farther  l>ack;  thus  increasing  the  leverage  by  which  the  wtof 
the  wall  resists  overthrow. 


(3d)  Wall  with  Tertieal  baelc  and  sloping:  Cnee,  Fig  24. 


Thickness 
at  base 
in  feet 

=  Height  in  feet  X  the  proper  decimal  in  the  following  table. 


V(Htg.  ft  X  factor  of  safety*)  -f  (batterAng,ftX  spgravof  wall) 
3  X  specific  gravity  of  wall 


FiiT-  22- 

Dressed  Granite... 
Dressed  Sandstooe 

Mortat  gabble 

Brickwork 

Fi«.  23. 

Dressea  Granite. . . 
Dressed  Sandstone 
Mortar  Rabble. 
Brickwork  . . . 


Sp.  Gr. 

Lbs  per 
Cub  Ft. 

8.5 

158 

3.3 

137 

2, 

125 

1.8 

113 

2.5 

156 

2.3 

137 

3. 

125 

1.8 

112 

Resist  =:  1.5  pres. 


.447 
.477 
.500 
.527 

.548 
.584 
.618 
.646 


Resist  =  2  pre*. 


.516 
.650 
.578 
.609 


.675 
.707 
.746 


.674 

.707 
.746 

.775 
.626 


0 

^- 

2^ 
3.3 
2. 
1.8 

31 

Resist  =  1.5  pres. 

Resist  a:  2  pres. 

Tig.  24. 

Batter 
tin.  to 
afoot. 

~449 
.480 
.602 
.630 

Batter 
2  ins.  to 
afoot. 

.458 
.488 
.510 
.539 

Batter 
4  ins.  to 
afoot. 

.487 
.515 
.5»6 
.563 

Batter 
6  ins.  to 
afoot. 

~;M2" 
.558 
.578 
.603 

Batter 
1  in.  to 

a  foot. 

Batter 
3  ins.  to 
afoot. 

Batter 
4  ins.  to 
afoot. 

Rbtter 
6  ins.  (• 
afoot. 

Dressed  Qninite... 
I>rc8sed  Sandstone 

Mortar  Rubble 

Brickwork 

156 
187 
135 
113 

.519 

Ma 

.571 
.610 

.626 
.660 
.686 
.618 

Ml 
.68n 
.600 
.640 

.593 
.623 
.646 
.674 

•  Factor  of  safet;  ; 


B  R^"t''»^  moment  of  «t*fahlty  of  wall 
overturning  moment  of  water 


Seep  329. 
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Art.  13.    TaMesliowtnirliowtlte  ntfibiHityvtm  wallsvBteln- 
inff  water  to  affected  by  a  ehang^e  In  the  form  af  tlte  wall ; 

(liequaniity  of  masonry  reuiaiuine  tiie  i>aiue.  Bhm.  When  the  Itatte  of  a  tri- 
angular wall,  of  sp  grav  2,  is  less  tliau  i  tbu  bt,  the  stability  is  greatest  when 
the  water  presses  tbe  vert  side;  but  if  tfie  l»ase  exceeds  4  <)>»  bt,  the  stability 
is  greatest  with  the  waier  on  tbe  battered  side.    Caution.    See  Art.  18. 


All  these  walla  contain  prt^eliiely  the  name 
qnantity  of  masonry.    'I be  masonry  is  supposed 

to  be  mortar  rubble,  welghiog  12a  Iba  per  cubic  foot;  or  twice  m  much 
«a  water ;  or  about  tbe  same  aa  ordinary  rough  mortar  rubble,  if 
the  up  gx  of  tbe  masonry  in  actually  greater  or  less  than  this,  the 
safety  also  will  be  greater  or  less,  in  precisely  tbe  same  proportion. 

Vertical  wall 

Face  vertieal ;  back  battera  one-tenth  height 

"  "  "         "       one-filth        "      

"         '*  "         "       one-fourth    •*      

"  "  *'         "       one-third      "      

"  **  "         ••       four-tenths  "      

"  "  "         •'       one-half        *'      

Back  Tertioal ;  face  hatters  one-tenth  height 

••  "  "         "       one-fifth        •• 

*'  ••  "         "       one-fourth    "      

••  "  *'         "       one-third      •*      

"  "  "         •*       four-tenths  "      

"  •'  •'         "       one-half        "      

Back  and  face,  each  batter  one-tenth  height 

"  "  "         ••       one-fifth        "      

"  "  "         "        one- fourth    "      

*'  "  •*         •*       one-third      "      

"  *•  "         •*        four-tenths  •'      


Base  in 

tss^^ 

parts  of 

waU. 

.6 

1.5 

.55 

1.8 

.6 

S.S 

X2& 

2.6 

.€67 

8.5 

.7 

4.9 

.76 

14.0 

.55 

1.8 

.8 

2.1 

.625 

2.3 

.667 

2.4 

.7 

2.8 

.10 

2.9 

.6 

2.2 

.7 

S.4 

.75 

4.8 

.M3 

».o 

.S 

S6.U 

Art.  18.  liiabillty  of  wall  or  foundation  to  crush  under 
unequal  distribution  of  pressure.  Arts  11  and  12  applv  only  to 
U\9-ttability  of  a  ri^  wall  resting  upon  ftrto/dbase,  and  iberefore  incapable 
of  failure  except  by  overturning  (u  a  whole.  They  sbow  tbat  tbe  stability  is 
greatest  when  tbe  water  presses  against  tbe  sloping  side.  But  in  practice  tbe 
lioint  wbere  tbe  resultant  of  all  tbe  pressures  on  tbe  base  of  tbe  wall  cuts  tbe 
tiase,  luust  not  be  so  ue«r  to  either  toe  as  to  endanger  a  crttsMng  of  wail  or 
of  foundation.  Tbis  consideration  often  makes  it  liest  to  let  tbe  water  press 
against  tbe  vert  back,  iiotwitlistAuding  tbe  consequent  loss  in  stability. 
Tbus,  Fig  25  represents,  to  scale,  a  dam  wall  at  Poona,  India,  debigned'  by  Mr. 
Fife,  C.  £.,  of  England.  It  is  of  mortar  nibble,  of  150 
lbs  per  cub  fu  JU  total  vert  beigbt  is  100  ft;  thickness 
« V  at  base,  60  ft  9  ins :  at  ton,  r x,  13  ft  9  ins.  Tbe  front 
ru  slopes  42  ft  in  100  ft;  and  the  back  xv,  5  ft  in  100  ft. 
Its  foundation  is  7  feet  deep;  but  we  bere  assume  tbat 
tbe  water  presses  against  its  entire  buck  xv/  Tb rough 
tl»e  cen  of  grav  G  draw  G*  vert.  From  c,  where  tbe 
direction  or  tbe  pres  P  of  the  water  strikes  G#,  lay  off 
en  by  scale  =  139.6  tons  (of  2240  lbs)  water  pres  sgai'nst  1 
ft  in  length  of  xv;  and  c<  =  249.4  tons  wt  of  1  ft  length 
of  wall.  Complete  the  parallelogram  cnmt  of  forces. 
^^  Its  diag  em  represents  the  resultant  of  all  tbe  pressures 
V;  upon  the  base  tit?,  and  cuts  the  base  at  a,  20  ft  baek  from 
the  toe  «.  Doing  the  same  with  the  151.4  tons  pres  p 
against  ru,  we  get  the  resultant  oy.  which  is  greater 
than  cm,  and  cuts  the  base  (at  f)  only  12.7  ft  ftrom  the 
toe  tJ,  or  7.3  ft  less  than  a  is  from  «. 

Hence,  when  the  water  presses  against  xv  the  wall  is 
less  liable  to  fracture  or  crushing,  and  the  earth  foun- 
dation uv  is  more  evenly  loaded,  and  hence  less  liable  to 
vield  unequally  so  as  t^  cause  cracks  in  the  wall.    On 
this  account  xv  is  made  the  back  of  tbe  wall,  although 
the  moment  of  stability  of  the  wall  is  then  only  2.2  (calling  the  overturning 
moment  of  the  water  1)," while  if  the  water  pressed  against  rt<  it  would  be  3,  or 
86  per  cent  greater. 
For  rules  r^vemins  distribution  of  pressure,  see  Art  14,  p  231a. 
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Art.  14.  DIsiribntloii  of  preflsore  over  the  base  «v,  Figs  25,  A, 
B,  C  and  D.    Let 

uv  =  the  length  of  the  reetangular  base,  or  of  anv  rectangular  surface  common 
to  two  bodies  which  are  pressed  against  each  other;  or  (since  ttie  width  of 
the  surf  is  taken  as  1)  =  the  area  uf  that  surf. 

P  =  the  resultant  of  all  the  extraneous  forces  pressing  one  of  the  two  surfs 
against  the  other.  The  amount  of  its  pres  is  represented  by  the  trapezoid 
ttO#t>,  FigA;  triangleuov.  Fig  B-.dt/Tof  triangles «od—tft;#,  Fig  C;  tri- 
angle uod.  Fig  D;  or  by  the  parallelogram  untv  in  all  four  Figs.  We 
confine  ourselres  to  cases  where  P  cuts  the  base  in  the  eenier  of  its  wUUh 
measured  at  right  nngles  to  t»i;. 

R  =  the  resultant  or  all  the  resistances  of  the  several  points  of  the  other  surf. 
It  is  necessarily  equal  and  opposite  to  P. 

M n  =a  ****      = =  the  mean  pressure  f 

uv         uv 
uo  =*  the  maximum  pressure 

vs  =  (Figs  A,  B,  C)      the  minimum  pressure  > 

This  Art.  applies  equally  whether  the  surf  Is  hor,  vert  or  inclined,  and 
whether  the  forces  are  oblique  to  it  (Figs  A, B, C,  D);  or  perp  to  it  (Fig  71,  p  357). 
If  oblique,  a  portion  of  the  resistance  R  is  that  of  friction.   See  Art  25,  p.  318e. 


"  per  unit  of  area  t»  v. 


The  parallelogram  untv  represents  the  pres  uniformly  distributed  over  «9, 
as  it  would  be  if  P  cut  uv  at  its  center,  e.  Tlie  intensity  of  the  pres,  or  its 
amount  o«r  unit  of  area  of  uv,  would  then  be  everywhere  =  un. 

But  when,  as  in  our  Figs,  P  cuts  ti  v  at  any  other  point,  a,  its  pres  is  unequally 
distributed;  tlie  nearer  toe,  u,  receiving  the  max  pres,  no. 

If  (Figs  A,  B)  ea  does  not  exceed  oneHilxtli  uv,  then 

maximum  pressure  i«o  =  t<ii  llH I   ;  and 

minimum  pressure  v#  =  (2  «n)  —  u  o    (See  •  and  Figs.) 
If  ea  s=  one-slxili  uv  (Fig  B),  this  becomes 

maximum  pressure  no  »=  2  «n;  and  minimum  pressure  ««  »  0. 
If  ea  exeeedfl  one-slxtli  uv  (Fig  C),  v  sin  less  than  0,  or  minus;  i  ^  the 
toe  V  has  a  tendency  to  rise,  and  actually  does  so  unless  prevented  either  by  the 
rigidity  of  the  pressed  part,  u  d,  of  the  base,  or  by  a  tentHe  resistance  (as  by  the 
adhesion  of  cement)  in  the  remainder,  dv.  If  it  is  thus  resisted  by  tension  in 
dv  (Fig  C)  we  still  have 

maximum  pressure uo^un  (l-j \    ;   and 

minimum  pressure  vs  =  (2  un)  —  ko, 

•  Demonstration.  See  Figs  A,  B,  G.  Sappose  for  a  moment  that  B  remains  at  <  (so  aa  to  Im 
nniformly  dlatributed  orer  «  v,  aa  represented  by  •  »  (  v)  while  P  ia  at  a ;  then  P  and  R  form  a  eottpU 
(=  one  of  the  fbroes.  aa  P,  x  their  perpendlouUr  distanoe  from  eaok  other).    Tt*-  ' ' "- 
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9$  bein^  the  tensfon,  (or  minui  pres)  per  unit  of  area,  at  v.  This  rarely  hap- 
pens; for  uo  ordinary  murtar  or  cement  can  be  depended  upon  to  resist  such 
tensions  as  might  thus  occur. 

To  find  the  neutral  axis,  d,  or  point  of  no  pres;  lay  off  «o  and  ««,  and  draw 
OS.  The  total  pressure,  uod,  on  «d,  is  =  |  uo.nd  =  Vpltu  the  tension,  <lv«,  in 
rf»  =  P  +  ^vt.dv. 

But  when  (as  usual)  uv  is  practically  incapable  of  resisting  tension,  P  is  sim- 
ply concentrate  upon  a  portion,  ud^ig  D  (=  3 ua)  of  uo:  3  ua  is  then  practi- 
cally the  base;  tbe  remainder,  dVj  being  idle.    We  then  have 

p 
mean  pres  on  3  ua  = ;; — 

p  «  X 

maximum  pressure  uo  =  2  X  mean  pres  on  3  ua  =  2  - —  »  tin  X 

3«a 


pres  at  d,  and  from  d  to  v,  »  0* 

In  any  case,  the  maximum  pressure  uo  should  CTidently  not  exceed  the  safe 
strength  of  the  masonry  or  soil.  Therefore  (if,  as  usual,  no  part  of  the  base  is 
tu  be  relied  upon  for  teruion)  eain  feet  miuit  not  exeeed 

ut»,  in  ft  X  (.5  — — p^r?-r ^V.t 

\         3  uv  X  safe  load  per  sq  it  /  * 

Paud  the  safe  load  being  in  the  same  unit;  as  both  in  lbs,  or  both  in  tons,  etc. 

First  class'  rubble  in  cement  mortar,  or-good  cement  concrete,  should  be  safe 
with  8  tons  per  sq  ft,  which  limit  will  rarely  be  reached.  Sound  earth  or  gravel 
foundations,  sunk  to  a  depth  sufficient  tu  protect  them  from  frost,  rain,  sliding 
etc,  should  be  safe  with  from  2  to  4  tons  per  sq  ft. 

to  prem  «  downward  and  raittv.  This  tendeney  eansei  (and  is  retiated  bj)  a  second  eouple,  oon- 
aistinf  of  an  increane,  »co.  of  tbe  pres  on  u  «,  and  an  equal  decrease,  tea.  of  the  pres  on  e« ;  ie, 
tes,  instead  of  pressing  on  ev  ns  before,  would  l>e  called  upon  to  help  resist  the  first  couple.  The 
points,  r  and  z,  at  which  tbe  resultants  of  tbe  resisting  forces  nco  and  tes  act,  are  opposite  to 
the  cens  of  grav,  G  and  6',  of  those  triangles.  Each  is  therefore  distant  3i  of  half  uv  from  e; 
and  their  dist  rz  flrom  each  other,  measd  along  uv,  Is  twiee  this,  or  ^  tt «.  The  retUting  couple 
(<,  p.  S47<l)  is  equal  and  opposite  to  the  first  one.    Hence  each  of  its  forces,  neo  and  tes,  must 

be= grat  couple _  P^eo  _  ^^  additUnud  pressure,  »  e  o,  on  m  s.   (If  the  dist  apart 

leverage  of  n c o  and  te*     }iuv 
irf  the  3  forces  is  thus  measd  along  tt  v  in  both  couples,  said  dists  will  be  in  the  same  proportion  to 
Muh  oiMer  as  the  l«»&rttge».)  The  mean  additional  pres  on  u  e,  or  the  middle  ordinate  of  tbe  triangle 
neo,  U  =  5!^**=Lif-?  ^  IL?;  and  the  max  additional  prea,  no,  is  =  twice  this,  =  ?-:i«  j. 
Me        Hu«         2  9iuv 

^•=  J*.  X  eax  —X  A=wn^?*   Cbeoause  ^   is  =  MnY    And 
4       «v  2      ««  nv    \  uv  / 

tFlg.  D.    ua=^''-ea;     8Ma  =  Sp^-«a). 
»  =  «_?_=  2  «1»^'*-^ 


»«  Sua  8^*L?_,„^  *(-^'^)' 


P 
2: 


IHgD.    Safoloadsuosunx ;       (sect)    or     a(.&-^'*)= !i^  : 

i(,S-—\  **  80 lb  load 


or   J«i!«<SX.6) ?" ;      or  ««=Jl ~7-I' 

Hv  «vx  safe  load  ut  S  m  v  X  safa  load 

or   •9=tuvx(.i- ^^^,     A' 

\         Suvx  MfiB  load  / 
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Art.  15.    The  points  a  and  {,  Fig  25,  are  called  centers  ef  pressare 

upon  tlie  base,  or  centers  of  resistance  of  the  base.  If  similar  poinu,  aa 
d  and  z,  be  found  in  the  same  way  for  other  lines,  as  /A,  by  treating  a  i)art  (as 
rxhf)  of  the  wall  as  if  it  were  an  entire  wall;  a  slightly  curved  line  joining 
these  points  is  called  the  line  ef  pressure.  Thus,  ha  is  the  Hue  of  pres> 
sure  when  tl»e  water  presses  against  xv.  Each  point,  as  d,  in  6a,  shows  where 
any  joint,  as /A,  drawn  through  that  point,  is  cut  by  the  resultant  of  all  the 
forces  actiug  upon  said  joint,  bi  is  the  liue  of  pres  when  the  water  presses 
against  ru.  These  lines  do  not  show  the  direction  of  the  resultants.  Thus,  at  a, 
the  latter  is  cm,  not  6a.  The  angle  between  thedirection  of  the  resultant  and  a 
line  at  right  angles  to  the  bed  Or  joint,  must  be  less  than  the  angle  of  friction 
(p. 355)  of  the  materials  forming  the  joint. 

If  from  the  end  to  or  y  of  the  resultant  of  the  pressures  upon  any  joint,  we 
'I raw  TO 2  OT  yl  hor,  then  c2ot  ol  (as  the  case  may  be)  measures  the  entire  vert 
pres  on  that  joint:  and  to2  ory/  measures  the  hor  pres  against  the  back  of  the 
wall,  which  tends  to  cause  sliding  at  the  same  Joint.  If  the  direction  of  the  re- 
sultant comes  within  the  limit  stated  in  the  preceding  paragraph,  to  2  or  yl  will 
be  less  than  the  frictional  resistance  to  sliding,  which  last  is  =  c2  (or  ol)  X  the 
coeff  of  friction  for  the  surfaces  forming  the  joint.  Hence  sliding  cannot  take 
place.  Sliding  never  occurs  in  the  masonry  of  walls  of  ordinary  forms.  Good 
mortar,  well  set  aids  to  prevent  sliding,  but  it  is  better  not  to  rely  upon  it.  But 
entire  walls  have  slidden  on  slippery  foundations.    (Art  9.  p.  692;  Bern.  2,683.) 

Art.  16.  In  Calf  fbrnia  is  tliis  dam  of  a  mining  reservoir,  built  of 
rough  stone  without  mortar,  founded  on  rock.  Height,  70  feet;  base,  50;  top, 6 ; 
water-slope,  30  fe«t;  outer-slope,  14.  To  prevent  leaking  the 
water-slope  is  only  covered  with  3-inch  plank  bolted  horizon- 
tally to  12  by  12  inch  strings,  built  into  the  stone-work.  All 
laid  with  some  care  by  hand,  except  a  core  of  about  one-fifth  of 
the  mass,  wuich  was  roughly  thrown  in.  Cost  about  ^  per  cubic 
yard.    It  has  been  in  use  since  1860. 

Rem.  If  a  dam  is  compactly  backed  witli  earth 
at  its  natural  slope,  dnd  in  sufficient  quantity  to  prevent  the 
water  from  reacbing  the  dam,  the  pressure  against  tne  dam  will 
not  l>e  increased. 

Art.  17.  To  find  tbe  tliielcness  of  a  cylinder  to  resist  safely  the 
pressure  of  water,  steam,  Ac,  against  its  interior.    If  riveted,  see  next  page. 

Wliere  tlie  thickness  is  less  than  one-thirtieth  of  the 
radius,  as  it  is  in  most  cases,  the  usual  formula 

,^,  Thickness  pressure       ^,      ,,     ^ 

(1)  in  Inches     -  »,fe  strength    X>«dlu.» 

is  employed.  It  reirards  the  material  as  being  subjected  only  to  a  direct  tensile 
strain,  which  is  sufficiently  correct  in  such  thin  shells. 

For  somewhat  g^reater  pressures  and  thicl&nesses.  Professor 
F.  Beuleaux  (Der  Konstrukteur,  p  52)  gives 

Thickness  pressure       / pressure 


(2) 


in  inches 


1  +  : 


—-r )  X  radius.* 
ngth/ 


"  safe  strength   V  *  '    2  X  safe  streng 
For' very  g^reat  pressures  and  thicknesses,  as  in  hydraulic 

}>resse8,  cannons,  ikc,  Professor  Beuleaux  (Konstrukteur,  p  53)  gives  Lamp's 
brmula : 


(3) 


Thickness 

in  inches 


Wsafe  strength  +  pressure  \ 
safe  strength — pressure         / 


X  radius.* 


The  three  formulae  give  results  as  follows,  pressures  and  strengths  in  lbs  per 
square  inch : 


Diameter. 

Radius. 

Pressure. 

Safe 

tensile 

strength. 

Thickness,  inches. 

Formula  (1). 

Formula  (2). 

Formula  (3). 

20  inches. 

10  inches. 
It 

60 
500 
6000 

10000 

u 

.05 

.50 
6.00 

.050125 
.5125 

6.25 

.06 

.513 

7.32 

The  thicknesses  given  by  the  fnrmulsB  appropriate  to  the  several  pressures  are 
printed  in  heaTy  type.  It  will  be  seen  that  in  these  cases  the  results  differ 
but  slightly,  except  for  very  grejit  pressures. 

*  In  all  three  formulae  take  the  radius  in  inches,  and  the  pressure  and  strength 
in  pounds  per  square  inch. 
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Bern.  2.  Wikiitor  unifarmltjr  In  tlie  eoolinff  of  tbick  castings  makes 

tbriB  proponiooally  weaker  tbao  tbio  ones,  ao  that  io  order  to  reduce  ibickutrM  in  iinportaDt  case* 
we  sboald  nse  ooly  best  iron  remelted  3  or  4  times,  bj  which  rocaua  an  ult  oobesion  of  about  80000 

Iba  per  sq  inch  mav  be  secured.  But  even  with  tbut  precaution  no  rule  will 
apply  Miftfely  in  practice  to  cast  cylinders  whose  thickness  exceeds  either 

about  8  to  10  ina,  or  the  inner  rad  however  amall. 

Under  a  pres  of  8000  Vns  per  sq  inch,  water  will  oose  tliron||li  cast 
Iron  S  or  10  Ins  thick ;  and  under  but  250  lbs  per  sq  inch,  through  .5  inch. 
Table  of  tbldcnessesof  slnK:le-riveled  wrongrhi  Iron  pipes, 

tanks,  standpipes.  &o,  by  the  above  rule,  to  bear  with  a  safety  of  6  a  quiet  pressure  of  1000  ft  head 
of  water,  or  434  lbs  |-e.-  sq  Inch  ;  the  ult  ooh  of  fair  quality  plate  iron  being  taken  at  480u0  lbs  per  sq 
inch,  or  at  8000  lbs  for  a  safety  of  6  i  which  is  farther  reduced  to  feOOO  X  .56  =  44b0  lbs,  to  sllow  for 

weakening  by  rivet  holes;  for  single-riveted  cyls  have  but  about  .56  of  the 
strength  of  the  solid  sheet;  and  double- riveted  ones  about  .7.    With  the 

above  pres  and  other  data,  the  rule  here  leads  to  thickness  =  .1016  X  inner  rad  in  ins. 

For  a  similar  table  for  tanks,  see  p  808 ;  and  for  east  iron  and 
lead  pipes,  foot  of  this,  and  top  of  next  page.  (Original.i 


Dl. 

Ths. 

Di. 

Ths. 

Di. 

Ths. 

Di. 

Ths. 

DI. 

Ths. 

Di. 

DI. 

Ths. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ins. 

Ids. 

Ins. 

Ins. 

Ins. 

Ins. 

.Ft. 

Ins. 

.5 

U>25 

5 

.254 

16 

.818 

SO 

1.52 

60 

3.06 

120 

10 

«.00 

1.0 

.051 

6 

.305 

18 

.914 

83 

168 

66 

3.35 

132 

11 

6.70 

1.5 

.019 

8 

.400 

M 

1.018 

S« 

1.88 

TI 

866 

144 

12 

7.31 

2.0 

.103 

10 

.508 

22 

1.117 

42 

2.13 

w 

4.27 

192 

16 

9.75 

a.0 

.152 

12 

.«0» 

24 

1.219 

48 

2.44 

n 

4.88 

240 

20 

12.19 

4.0 

.208 

u 

.711 

27 

1.371 

54 

2.74      1 

108 

5.4i» 

288 

24 

14.68 

For  a  less  liead  or  pressure,  or  for  any  safety  less  than  6,  it  is  safe  and 

near  enough  in  practioe,  to  reduce  the  thickness  of  wrought  iron  cyls  in  the  same  proportloo  as  saM 
head,  pres,  or  safety  is  less  than  the  tabular  one. 

Don  ble- riveted  «ylln<lers«  Fairbairn  says,  are  about  1.25  times  as  strong 
as  single-riveted.  Hence  they  may  be  one-fifth  part  thinner.  I^ap-welded 
ones  are  nearly  1.8  times  as  strong  as  single- riveted ;  and  hence  may  be  only 

.56  aK  thick. 

Many  continuous  miles  of  <lonble- riveted  pipes  In  California  have 

been  iu  use  for  years  with  safetys  of  but  2  to  2.6.  In  one  case  ttiu  head  is  1720  ft,  with  a  pres  of  746  lbs 
per  sq  iueh ;  diuni  11.5  ins ;  thickness,  .34  inch  ;  safety,  2.6  by  rule  p  232  for  such  iron  as  in  our  ubie. 

Cast  Iron  elty  wrater  pipes  must  be  thicker  than  required  by  formula 
n),  p  232,  in  order  to  endure  rough  handling  and  the  effects  of '*  water-ram" 
(due  to  sudden  stoppage  of  flow,  see  second  Rem,  p  234),  and  to  provide  against 
irregularity  of  casting  and  the  air  bubbles  or  voids  to  which  all  castings  are 
more  or  less  liable.  In  the  following  table  the  ultimate  tensile  strength  of  cast 
iron  is  taken  at  18,000  9>s  per  square  inch.  Column  A  gives  thicknesses  by  Mr. 
J.  T.  Panning's  formula  (Hydraulic  Eugineering,  p  454). 
Thickness)       (pres,  ft>s  per  sq  in  +  100) X  bore,  ins  /    _  bore,  lns\ 

in  inches  J  .4  X  ultimate  tensile  strength        +•«»<»  ^1  ^^      j- 

These  correspond  with  average  practice.  The  addition  of  100  lbs  to  the  pres  Is 
niade  in  order  to  allow  for  water-ram.  Ck>lumn  B  gives  thicknesses  by  formula 
(1),  p  282,  taking  coefficient  of  safety  =  8  (thus  making  safe  tensile  strain  =  2250 
ibs  per  square  inch)  and  adding  three-tenths  of  an  inch  to  each  thickness  given 
bv  the  formula:  4 


Head  in  feet    50 

100 

200                300               600 

1000 

Pressure, 
S)S  per  sq  in 

21.7 

43.4 

86.8               130                217 

434 

Bore,  ins. 

Thlekness  of  pipe.  In  Inebes. 

A 

B 

A     B 

A     B 

A    B 

A      B 

A      B 

2 

.36 

.31 

.37    .32 

.38    .34 

.39    .36 

.42      .40 

.48      .51 

3 

.37 

.31 

.38    .33 

.40    .So 

.42    .40 

.45      .45 

.54      .60 

4 

.39 

.32 

.4t)    .34 

.42    .38 

.45    .42 

.50      .50 

.61      .72 

6 

.41 

.33 

.43    M 

.47    .42 

.60    .48 

.57      .60 

.75      .94 

8 

.45 

.34 

.47    .38 

.52    .47 

.57    .55 

.66      .70 

.90    1.15 

10 

.47 

.35 

.50    .40 

.56    .50 

.62    .60 

.74      .81 

1.04    1.35 

12 

,49 

.36 

.58    .42 

.60    .54 

.67    .66 

.82      .91 

1.18    1.57 

16 

.55 

.38 

.60    .46 

.70    .62 

.79    .77 

.98    1.10 

1.46    2.00 

18 

.57 

.39 

.63    .48 

.74    .65 

.85    .84 

1.06    1.21 

1.60    2.20 

20 

.61 

.40 

.67    .50 

.79    .68 

.91     .90 

1.15    1.31 

1.75    2.60 

24 

.66 

.42 

.73    .63 

.87    .77 

1.02  1.01 

1.30    1.51 

2.03    2.84 

90 

.74 

.43 

.83    .59 

1.01    .89 

1.19  1.19 

1.55     1.82 

2.46    3.47 

86 

.82 

.47 

.93    .65 

1.15  l.Ol 

1.36  1.37 

1.80    2.12 

2.88    4.11 

48 

.98 

.53 

1.13    .77 

1.42  1.24 

1.70  1,73 

2.28    2.73 

3.73    6.38 
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Table  of  thlekness  of  lei«d  pipe  to  bear  internal  pressures  with  a 

nfBty  of  H-j  taking  the  ultimate  eohesiou  of  lead  at  1400  lbs  per  sq  Inch.     Bv  rule  on  p  »2. 
"''■n.  Although  these  thicknesses  are  safe  againstquiet  pressures.they  might  not 
3ks  caused  bj  too  sudden  closing  of  stopoocks  agalDst  running  water.  See  Service  pipes,  p  299. 


resist  sliooks  caused 


Heftda  in  Feet. 

200    I    800    I    400     I 


Pres  in  lbs  per  aq  inch. 

43.4   I  86.8   I    130    I    174     I     217 


Thiokness  in  Inches. 


.026 

.055 

.089 

.128 

.0.18 

.083 

.134 

.192 

.051 

.111 

.179 

.256 

.064 

.138 

.223 

.320 

.076 

.166 

.268 

.383 

.089 

.193 

.313 

.447 

.171 
.256 
.341 
.427 
.512 
.597 


Heads  in  Feet. 

200    I    800   I    400    I 


Pres  in  lbs  per  sq  inch. 

43.4  I  86.8  I    130    I   174     |    217 


Thickness  in  Inches. 


.102  1 

.221 

.857 

.511 

.127 

.276 

.447 

.639 

.153 

.832 

.536 

.767 

.178 

.387 

.626 

.805 

.204 

.442 

.714 

1.02 

.682 
.858 
1.02 
1.20 
1.86 


¥iga6 


The  TAlves  of  water-pipes  must  be  closed  slowly,  and 

the  necessity  for  this  precaution  increaaes  with  their  diama.  Otherwise  the  sud- 
den arresting  of  the  momentum  of  the  running  water  will  create  a  great  preMore  against  the  pipes 
in  all  directions,  and  throughout  their  entire  length  behind  the  gate,  even  if  it  be  many  miles ;  thus 
endangering  their  bursting  at  any  point.    Hence  stop-gates  are  shut  by  screws,  which  pre- 

rent  any  rery  sudden  oloaing ;  but  in  large  diama  eren  the  aorews  mast  be  worked  Tery  slowlv  to 
SToid  borating. 

Art.  18.    The  biiojancjr  of  liquids.    When  a  hody  is  placed  in  a 

liquid,  whether  it  float  or  sink,  ft  evidently  diaplitoes  a  bulk  of  the  liquid  equal  to  the  bulk  of  the 
liuiuersed  portion  of  the  body ;  and  the  body  in  both  cases,  and  at  any  depth,  and  in  any  position 
whatever,  Is  buoyed  up  br  the  liquid  with  a  force  equal  to  the  wt  of 
the  liquid  so  displaced.  Thus,  if  we  immerse  eutirely  in  water  a  piece 
of  cork  0,  c.  Fig  26,  or  any  body  of  less  sp  gr  than  water,  the  cork  will 
by  its  wt,  or  force  of  gravity,  tend  to  descend  still  deeper;  but  the 
upward  buoyant  force  of  the  water,  being  greater  than  the  downward 
force  of  gravity  of  the  cork,  will  compel  the  latter  to  rise  with  a 
force  equal  to  the  diff  between  the  two.  In  this  case,  the  eork  receives 
a  total  downward  pres  equal  to  the  wt  of  the  vert  column  of  water' 
above  it.  shown  by  the  vert  lines  iu  vessel  1 ;  and  a  total  upward 
pres  equal  to  the  wt  of  the  column  slyswn  in  vessel  2.  The  diff  be> 
tween  these  two  columns  is  evidently  (from  the  flgs)  equal  to  the 
bulk  of  the  cork  itself;  therefore  the  diff  between  their  wu  or 
pressures,  (or,  in  other  words,  the  buoyancy  of  the  water,)  is  equal 
to  the  wt  or  pres  of  the  water  which  would  have  occupied  the  place 
of  the  cork;  or,  in  other  words,  of  the  water  which  is  displaced  by 
the  cork.  This  diff,  or  buoyancy,  will  plainly  be  the  same  at  any 
depth  whatever  of  tnitre  immersion.  Now  the  cork,  if  left  to  itself,  will  continue  to  rise  nntii  a  por- 
tion of  it  reaches  above  the  surf,  as  in  vessel  8 ;  so  that  the  downward  pressing  column  oeaaes  to 
exist;  and  the  cork  is  then  pressed  downward  only  by  its  own  wt.  But  as  it  now  remains  station- 
ary, we  know  (from  the  fact  that  when  two  opposite  forces  keep  a  body  at  rest,  they  most  be  equal  to 
one  another)  that  the  upward  pres  of  the  water  must  be  equal  to  the  wt  of  the  oork.  Bat  the  upward 
pres  of  the  water  arises  only  from  the  shaded  colnmn  shown  In  ressel  8;  and  this  column  is  tas  in 
the  case  of  total  immersion)  equal  to  the  bulk  of  water  displaced.  Therefore,  in  aU  coses,  the  booy- 
anoy  is  equal  to  the  wt  of  water  dioplaced ;  and  when  the  body /oats  on  the  surf,  the  buoyancy,  or 
the  wt  of  water  displaced,  is  also  equal  to  the  wt  of  the  body  Itself. 

If  the  immersed  body  c,  c,  be  of  iron,  or  any  other  substance  spe- 

ciflcally  heavier  than  water,  the  diff  between  the  upward  and  downward  pres  will  of  coarse  remain 
the  same ;  or  equal  to  the  wt  of  water  displaced.  But  the  wt  of  the  body  Is  now  greater  than  that 
of  the  water  which  it  displaces ;  or.  in  other  words,  the  downward  force  of  gravity  of  the  body  Is 
greater  than  the  upward  bnovant  force  of  tne  displaced  water;  and  therefore  the  body  descends,  or 
sinks,  with  a  force  equal  to  the  diff  between  the  two.  Thus,  if  the  body  be  a  cub  ft  of  cast  iron, 
weighing  4.V)  lbs.  while  a  cub  ft  of  fresh  water  weighs  62^  Ihs,  the  iron  will  descend  with  an  edbetiTe 
force  of  only  450  —  82^  =  387.5  lbs. 

If  the  immersed  body  has  tiie  same  sp  «rr  as  the  tin  id,  it  will 

neither  rise  nor  sink ;  but  will  remain  wherever  it  is  placed ;  because  then  the  wt  of  the  body,  and 

the  buoyancy  of  the  water,  are  equal. 

The  air  also  bnoys  bodies  upward  to  an  extent  eqnal  to  the 
wt  of  air  displaced ;  therefore,  although  a  pound  of  iron,  and  a  pound  of 

feathers,  weighed  in  the  air.  will  balance  each  other  vet  in  the  exhausted  bell-glass  of  an  atr-pomp 
the  feathers  will  nntwelsh  the  Iron,  by  as  much  as  tlie  bulk  of  air  which  they  displaced  oatweigha 
the  bulk  of  air  displaced  by  the  irnn. 

A  balloon  rises  in  the  air  on  the  same  principle  that  eork 
rises  in  water.  Its  asconding  force  is  equal  to  the  diff  between  its  wt  when 
full  of  ga».  snd  the  wt  of  the  hulk  of  air  which  it  displnoes.  The  hallnon  does  not  aetnallv  tend  to 
rise,  hut  to  descend ;  but  the  air  being,  bulk  for  bulk,  heavier  than  the  hallnon.  pnshee  the  latter 
opwanl  with  more  force  than  the  grsvltv.  or  the  wt  of  the  balloon,  exerts  to  bring  it  down.  Bo  also 
wsrm  smoke  has  no  tendenoy  in  itself  tn  ri«e.  It  is  pvMked  njt  by  the  heavier  cold  air.  No  •-'"-' 
tends  to  rise ;  but  all  tend  downward  toward  (be  center  of  (be  esrtb. 

Digitized  by  VjW^  VI 


BUOYANCY,   FLOTATION,   METACENTER,   ETC. 


235 


The  downwd  force  of  gmr  may  be  regarded  (p  848)  «•  concentrated  At  the  ceo  of 
grar  G  of  a  floating  body.  The  upwd  pree,  or  buoyancy ,t  of  the  crater  may  similarly 
be  regarded  as  acting  at  the  cen  of  gr  W  of  the  displaced  water  *  W  is  also  calltKi 
the  eemter  of  pressure,  or  •f  bnoyaney,  of  the  water;  and  a  vert  line 
drawn  through  it  is  called  the  axis,  or  Tertical,  •f  l»uoy Aiicy,  or  of  !!•• 
talion.  Ordinarily,^  W  shifts  its  position  with  every  change  in  thnt  of  the  body. 
Thus  in  L  it  is  at  the  cen  of  gr  of  the  rectangle  0066;  and  in  N  at  that  of  the  tri« 
allele  aav. 

t, 

L. 


^ 


When  a  floating 
body,  L,  P  or  R,  is  at 
rest,  and  undisturbed 
by  any  third  force, 
as  F,  it  is  said  to  be 
in  equilibrium, 
and  0  and  W  are  then 
in  the  same  vert  line 
1 1  Figs  L  and  R,  or 
e  e  Fig  P ;  which  line 
is  called  the  axis, 
or  vertical,  of 
equllibrinm.^ 

When  a  third  force,  as  F,  canses  the  axis  of  eqnilib  to  lean,  as  in  Figs  N,  0  and  S, 
tiK'n  if  a  vert  line  be  drawn  upwd  from  the  cen  W  of  buoy,  the  point  M  where  said 
Hue  cuts  said  axis,  is  called  the  nietaceiiter  of  the  body.  |  G  and  W  are  then  no 
luuger  in  the  same  vert  line;^  and  the  two  opp  and  vert  forces,  grnv  snd  buoy,  act- 
in;;  upon  those  points  respectively,  form  a  **  couple*^  (pag«  847  d);  and,  when  the 
third  force  F  is  removed,  they  no  longer  hold  the  body  in  equilib,  but  cause  it  to 
rotate.  If  (as  in  Figs  0  and  S)  the  positions  of  O  and  W  are  then  such  that  the 
nietacenter  M  is  above  the  cen  of  gr  G,  this  rotation  will  tend  to  rrstore  the  body  to 
its  former  position^  and  the  body  is  said  to  have  been  (before  the  application  of  the 
third  force  F)  in  stable  equilibrium.^  But  if  (as  in  N)  M  is  below  G  the  direc- 
tion of  rotation  is  such  as  to  up$H  the  body,  by  causing  it  to  depart  further  frmn  itM 
fttrmerpotitionfAud  the  body  is  said  to  have  been  in  unstable  eqnllibrinm.t 


>— 

t 
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R 
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la  rt-lbs  of  a  floating  body  either  to  npiet  or  to  right  Itwif,  Is, 


_  the  wt  of  the  body  (or  the  equal  ^  the  hor  dist  between  W  M  and  G  H, 
~~   upwd  pres  of  the  waier)  in  Iba    ^  Figs  N,  U  and  8,  in  ft. 

The  third  force  F  may  of  oonrse  he  «o  great  aa  to  overpower  the  tendency  of  the  bodf  to  right  it> 
self.  Thua,  a  ship  may  upset  in  a  hurrioaoe,,  although  judicioualy  loaded  and  ballasted  for  ordinary 
wind*.    A  hor  section  ef  a  body  at  water-line  is  called  its  plane  of  flotation. 

-    *  Tbe  body  is  in  fact  acted  upon  by  other  forces,  such  as  the  hor 

pressares  of  the  water  against  its  immersed  portions ;  but  as  all  of  these  in  any  one  given  direction 
«re  balanced  by  equal  ones  in  the  opposite  direction,  thev  have  no  effect  upon  the  forces  S  and  W. 
I',  io  also  acted  upon  by  the  air,  which  presses  it  downwards  with  a  force  of  14.75  lbs  per  sq  inch :  but 
(his  is  balanced  by  an  equal  pres  of  the  surrouodhig  air  upon  the  aarfaoe  of  the  water,  and  which  is 
trausnUtted  (art  7,  vert  upwards  against  the  Immersed  bottom  of  the  floating  body. 

t  This  bnoyancy  is  made  up  of  the  parallel  upward  pressures  of  the 
innumerable  vert  filaments  of  the  displaced  water  as  shown  by  Fig  26,  and 

tb«  azia  of  floUitl«fe  fa  their  resnlunt.  as  in  the  ease  of  parallel  fbroea. 

1  The  ahape  of  a  body  (as  that  of  a  sphere  or  cylinder  V)  nay  he  inch  that  the  position  of  its  oen  «f 
booT  IT,  relatirely  to  that  ef  its  oen  of  gr  O,  is  not  changed  bT  the  rotation  of  the  body  about  a  givmi 
axi«  (as  aoT  axis  of  the  sphere  or  the  longitudituU  axis  of  the  eyl).  but  remains  constantly  in  the 
same  vert  line  with  Q,  so  that  the  body,  in  routing,  remains  in  equilib.  Such  a  body  is  said  to  be 
in  indiifrerent  equilibrium  about  said  axis.  But  if  a  cyl  U  be  made  to 
mtate  about  Ita  tranaverae  axis  x  z,  It  plainly  comes  under  the  remarks  on  Figs  R  and  B,  and  mar 
(he'ora  rotadag)  be  in  either  stable  or  unstable  equilib  about  that  axis  aooording  to  the  way  in  which 
iu  wt  is  dietrlbnted. 

I  This  metaeenter  shifts  ita  position  on  the  line  1 1  according  to  the  Inclination  of  the  latter. 

§  UnCTen  loading^,  instead  of  a  third  force,  may  cause  a  vessel  at  rest  to 
l«an  as  at  P;  and  yet  the  vessel  so  leaning  may  be  In  equilib:  for  its  axis  e  e  of  eqnilib  may  be  vert, 
although  not  coinciding  with  the  axis  of  symmetry  of  the  vessel,  as  it  dues  at 
lliu  L. 

t  lnfio€Uing  bodies,  this  may  sometimes  (as  in  Flan  R  and  S)  be  the  ease  evpn  when  the  cen  of 
taoy  w  i,not  the  metaeenter)  Is  below  the  cen  of  gt  G ;  because,  when  the  body  la  forced  to  lean,  w 
MWTcs  to  another  point  In  ii.  and  this  polat  may  bd  such  aa  to  bring  M  above  O.  W  Is  always  below 
0  tn  hndies  of  uniform  d(>nH<tj,  noHtins  nt  rext,  If  any  part  of  the  body  is  above  water.  When  such 
bodies  are  entirely  anbmerged,  W  and  Q  coincide. 
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Art.  19.  A  body  llsrhter  than  water,  if  placed  a< 
tlie  lK»ttoiii  of  a  vessel  eontainiiis'  water,  will  uoC 
rise  unless  tlie  water  can  fpet  nnder  it,  to  iNiojr  it, 
or  press  it  npward,  as  the  air  presses  a  balloon  or 
smoke  upward.  Thus,  if  one  tide  of  a  block  of  light  wood* 
perfectly  tlat  and  smooth,  be  placed  upoo  the  aimilarly  flat  and  smooth  bottom  of  a 
vessel,  and  held  there  until  the  vessel  is  filled  with  water,  the  downward  pres  will 
keep  it  in  its  place,  until  water  insinuates  itself  beueath  through  the  pores  of  the 
wood.  But  if  the  wood  be  smoothly  varnished,  to  exclude  water  from  ita  pores,  it 
will  remain  at  the  bottom. 

On  the  other  hand,  a  piece  of  metal  ma^  be  pre- 
vented from  sinkings  in  water,  by  subjectiug  it  to  a  suffi- 
cient upwaifi  pres  only,  while  the  downward  pres  is  excluded.  Thus,  if  the  bottom 
of  an  open  c^ass  tube,  t.  Fig  27,  and  a  plate  of  iron  n»,  be  made  smooth  enough  to  be 
water-tight  when  placed  as  in  the  fig;  and  if  in  this  position  (hej  ke  plaoed  in  a 
vessel  of  water  to  a  depth  greater  than  about  8  times  tbe  thickness  of  the  iron,  tbf 
upward  pres  of  the  water  will  hold  the  Iron  in  its  place,  and  prevent  its  sinking,* 

because  it  is  pressed  upward  by  a  column  of  water  heavier  than  both  ibe  column  of  air,  and  its  own 

weight,  which  press  it  downward.    On  this  principle  iron  ships  Boat. 

Rem.  1.    A  retalningr-wall,  as  In  Ffgr  S8, 

founded  on  piles,  may.be  strong  enough  to  re- 
sist the  pres  of  the  earth  «  behind  it,  in  ease  water  does  not  find 
its  way  underneath ;  and  yet  may  be  overthrown  if  H  do«s ;  or 
even  if  tbe  earth  ««  around  tbe  he«ds  of  tbe  piles  beoouMs  Mita- 
rated  with  water  so  as  to  form  a  fluid  mud.  In  either  ca.te,  the 
upward  prea  of  the  water  against  the  bottom  of  the  wall  will  vir- 
tually reduce  the  wt  of  all  such  parts  as  are  below  the  water  snrf, 
to  the  extent  of  6'2^  As  per  cub  ft;  or  nearly  one-half  of  tbe  or- 
dinary wt  of  rubble  masonry  in  mortar. 

Bbm.  2.  Although  tbe  ptlea  under  a  -wail,  as  in  Fig  28,  may  be 
abundantly  sufficient  td "sustain  the  wt  of  tbe  wall ;  and  tbe  wall 
equally  strong  in  itself  to  resist  the  pres  of  the  backing  e ;  yet  if 
the  soil  $$  aronnd  the  pilea  be  soft,  both  they  and  the  wall  may  be  pushed  outward,  and  the  latter 
overthrown  by  the  pres  of  the  backing  e.  From  this  cause  the  wing-walls  of  bridges,  when  built 
on  piles  in  very  soft  soil,  are  frequently  bulged  outward  and  dlaflgmred.  la  aueh  oases,  the  piling, 
and  the  wooden  platform  on  top  of  it,  should  extend  over  the  whole  apace  between  the  walU;  or  elae 
some  other  remedy  be  applied. 
Art.  20.  Draneht  of  vessels.  Since  9k  floating  body  displaces  a  wt  of  liqnid 

equal  to  the  wt  of  the  body,  we  may  determine  the  wt  of  a  vessel  and  ita  cargo,  by  ascertaining  how 
many  cub  ft  of  water  they  diaplaoe.  The  cub  ft,  mnit  by  62^,  will  give  tbe  reqd  wt  in  lbs.  Suppose, 
for  instance,  a  flat-boat,  with  vert  sides,  60  ft  long.  15  ft  wide,  and  drawing  unloaded  6  ins,  or  .5  of 
a  ft.  In  this  case  it  displaces  60  X  15  X  -5  =  460  cub  ft  of  water ;  which  weighs  450  X  62^  =  28125 
lbs ;  which  consequently  is  the  wt  of  the  boat  also.  If  the  eargo  then  be  put  In,  and  found  to  sink 
the  boat  2  ft  more,  we  have  fo^  the  wt  of  water  displaoed  by  the  cargo  alone.  60  X  15  X  2  X  ^>^  = 
112500  lbs ;  which  is  also  the  wt  of  the  cargo.  So  alio,  knowing  beforehand  tbe  wt  of  the  boat  and 
sargo,  and  the  dimensions  of  the  boat,  we  can  find  what  the  draught  will  be.  Tbna,  if  the  wt  as  before 

140625 

be  140625  lbs,  and  tbe  boat  60  X  15,  '^c  have  60  X  15  X  62H  =  56260;  and =  2.5  ft  the  required 

56250 
draught.    In  veasels  of  more  complex  shapes,  as  in  ordinary  sailing  Tesnela.  the  oalenlation  of  the 
amount  of  displacement  becomes  more  tedlons;  but  the  principle  remains  the  same. 

Art.  31.     Compressibility  of  liquids.    Liquids  are  not  entirely  in- 

compresaible ;  but  for  most  engineering  purposes  they  may  be  so  considered.  The  bulk  of  water  Is 
diminished  but  about  one-thousandth  part  by  a  pres  of  324  lbs  per  sq  inch,  or  22  atmospheres;  vary- 
ing  very  slightly  with  its  temperature.  It  is  perfectly  elastic ;  regaining  its  original  balk  when  the  * 
pres  is  remored.  
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HYDRAULICS. 


Art.  1.  Hydranlies  treats  of  the  flow  or  motion  of  water  throngh 

pipes,  aquedncts.  rivers,  and  other  channels;  also  through  orifices  or  openings  of  various  kindn;  of 
machinery  for  raising  water ;  as  well  as  that  in  whioh  water  fomlshea  the  moving  pewer.  The  acienee 
ef  hydraulics,  in  many  of  itn  departments,  is  but  imperfeotiy  understood;  therefore,  aome  of  the  rolee 
given  on  the  anlyect  are  to  be  regarded  merely  as  furnishing  close  approximaticms  to  tbe  tnith. 

On  the  flow  of  water  throuK:h  pipes. 

Inasmuch  as  tbe  experiments  on  which  the  following  roles  are  based,  were  made  with  i»Ipes  eara> 
Iblly  laid  in  straight  lines ;  and  perfectly  Free  from  all  obstructions  to  the  flow  of  the  water,  aoae 
a'lowance  must  in  practice  be  made  for  this  circumstance.  Workmen  do  not  lay  long  lines  of  pipea 
In  perfectly  straight  lines ;  it  is  almost  impossible  to  avoid  very  nunkaroes.  alf  bouf  b  slight  deiia- 
tions.  both  vert  and  hor ;  tbe  soil  itself,  in  which  the  pipes  are  imbedded,  especially  when  in  embkt. 
will  settle  unequally ;  especially  in  streets  liable  to  heavy  trafflo,  whioh  not  only  frequently  deranges, 
but  occasionally  breaks  water  pipes  whose  tops  are  3  or  4  ft  below  the  surf.  The  material  used  far 
calking  the  joints,  may  be  carelessly  left  projecting  into  tbe  interior,  and  thus  cause  obstructions ;  tb* 
water  is  frequently  muddy,  or  is  impregnated  with  certain  salts,  or  gases,  which  form  depoalts,  er 
Incrustations,  which  materially  impede  the  flow.  Moreover,  the  pipes  themselves  are  not 

OHt  perfectly  straight,  or  smooth,  or  of  uniform  diam ;  and  irregular  twsRfnys,  by  prodnoing  eddiM, 
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ntud  the  flow  as  well  u  eontrtKtkna  ;  wad  Mennralatlona  of  air  do  the  same.  Under  the  most  faror- 
able  oiroamtttaoees.  therefore,  it  la  expedient  to  aiaJie  the  diams  of  pipes,  even  for  temporary  pur- 
nMea.  sufficiently  large  to  diseharge  at  Uuat  SO  per  et  more  than  the  qaantity  actually  needed ;  and 
if  there  Is  ocoasioa  t-o  auticipate  deposit,  or  incrustation,  a  still  larger  allowance  should  he  made  in 
permanent  pipes,  especially  in  those  of  small  diam ;  heoaase  in  them  the  same  thickness  of  incrnsta- 
tisB  oooapies  a  greater  eomparcuive  portion  of  the  area.  Perhaps  it  would  be  best  to  aUow  an  equal 
iaerease,  of  say  from  H^olU  inch,  to  each  diam,  whether  great  or  smal\;  inasmoeh  as  the  thickness 
(rf  incmstatioa  will  be  the  same  for  all  diams,  or  nearly  so.  The  oost  of  pipea  does  not  increase  as 
rapidly  as  their  discharging  oapaeities ;  thus,  if  the  diam  be  Increased  only  -X-  part,  the  dlsoh  wHI 
be  increased  about  25  per  cent :  if  %  part,  nearly  50  per  cent;  if  ^  part,  the  dlsch  will  be  doubled. 
Within  these  liniits,  the  Increase  of  thickness  for  the  larger  diams.  snd  the  increased 
sxpense  of  laying,  will  add  but  little  to  the  oost;  which  will  therefore  aagmeat  only  a  little  more 
tt^4Iy  than  the  diams. 
The  increased  diam  inyolyea  no  waste  of  water;  atnoe  tiie  dlMdi  auy  be  ngotetad  ^  stepeeAs. 


The  term  BfEAD  or  TOTAI<  HEAD  of  water,  as  applied  to  the  flowage  of 
vster  through  canals,  pipes,  or  openings  in  reservoirs,  Ac.  means  the  vert  dist  <  v  or  p  o.  Fig  1,  from 
the  level  surf,  ■•  i,  of  the  water  in  the  reservoir,  or  souroe  of  supply,  to  the  center  (or  more  properly  to 
the  oen  of  grav)  o,  of  the  orifice  (whether  the  end  of  a  pipe,  ro,to,9o,MO,  lo;  or  any  other  kind  of 
opening)  through  whieh  the  dlsch  takes  place  f^^eely,  into  the  air;  or  the  vert  dist  a  «,  or  fg,  trom 
the  same  surf,  m  i,  to  the  level  svr/,  g  n,  of  the  water  in  the  lower  reservoir ;  when  the  disch  takes 
plsee  under  water.  Thus,  in  the  case  of  disch  into  the  air,  the  vert  dist  <  v  ori>o.  is  the  total  head 
*>r  either  of  the  ]>ip«ero,  lo,  vo,  so,  or  2o;  and  (  k  is  the  head  for  the  orifice,  fe,  in  the  side  of  the 
reservoir.  And  for  disch  under  water,  au.  or  /g,  is  the  bead  for  either  the  pipe  j,  or  the  opening  n; 
vithoat  any  regard  whatever  to  their  depths  below  the  surf  of  the  lower  water ;  whieh,  accordiBg  to 
the  elder  authorities,  do  not  at  all  affect  their  diseh. 

A  portion  of  a  pipe  may  have  a  head  greater  than  the  total  head  of  the  entire  pipe.  Thus  the 
pshit<  In  the  pipe  lo,  has  a  head  6 1 ;  while  the  entire  pipe  has  only  the  head  p  o. 

ll«tli  tn  theory  and  in  practice  it  is  immaterial  as  regrards 
tile  ¥el,  MMd  the  qaantity  of  water  diseliarired,  wlKellier  llie 
pipe  is  inclined  downward,  as  ro.  Fig:  1;  or  hor,  as  vo;  or  In- 
dlned  upward,  as  {o;  provided  the  total  head  po,  and  also 
the  leni^tli  of  the  pipe,  remain  nnehan^ed.    If  one  pipe  is  longer 

tban  another,  lu  sides  will  evideaUy  present  more  friction  against  the  water,  and  tbas  diminish  the 
te!  and  the  quantity  of  disch.  The  inclined  pipes,  r  o,  i  o,  being  uf  course  a  little  longer  tban  the 
hor  one  vo,  will  thOrelbre  each  disch  a  trifle  less  water:  but  if  the  hor  one  were  extended  slightly 
Mjond  0,  so  as  to  give  it  the  same  length  as  the  others,  then  each  of  the  three  would  disch  the  same 
loaadty  in  the  same  time. 

Art.  1  a.    IMTisions  of  the  Total  Head.    In  any  pipe,  as  8o,ro, 

to.vo,zo,OTl  o,  Fig  1,  the  total  head  has  three  distiuct  duties  to  perform ;  1st,  to  overcome  the 
rrsistanee  to  entrg  at  s,  r,  t.  v,  z,  or  I;  'id,  to  overcome  the  resistances  within  the  pipe;  and,  8d,  to 
!ive  to  the  water,  entering  the  pipe,  the  uniform  velocity  with  which  it  actually  flows. 

For  convenience,  we  regard  the  total  bead  as  divided  into  three  portions,  corresponding  to  these 
daiies ;  nameUr,  1st,  the  eiUry  head ;  2d,  the  reeiatance,  or  friction,  head ;  and,  Sd.  the  velocity  head. 

Art.  1  6.  The  velocity  head  is  the  height  through  wliich  a  body  must 
fsll,  in  vacuo,  to  acquire  the  vel  with  which  the  water  actually  flows  into  the  pipe.    It  is  therefore  =. 

"^t  in  which  V  is  the  vel  in  ft  per  see ;  and  g  is  the  acceleration  of  gravity,  or  83.2 
This  head  will  be  found  in  the  table,  p  2(8,  M)posite  to  the  actual  vel. 

Art.  1  c.  Experiment  shows  that,  vita  the  usual  sharp-edged  entry,  the  en« 
try  hcmd  is,  near  enough  for  practice,  =  half  the  vel  head.  If  the  entry  is  uhaped 
like  Pig  7,  scaroelv  any  entry  head  will  be  required.    But,  in  pipes  longer  than  about  1000 

dismeters.  the  entry  head  bears  so  slight  a  proportion  to  the  total  head,  that  this  advantage  is  of  but 
little  importance.    It  becomes  more  apparent  in  shorter  pipes. 

Art.  1  d.  In  Fig  1  we  will  assume  that  for  any  of  the  pipes,  t  s  represents 
Um  sum  of  the  vel  and  entry  heads.  Then  the  remsunder  s  v,  or  w  o,  of  the  total  head.  Is  the 
friction  head  ;  or  the  bead  which  is  just  suflQcient  to  balance  the  friction  and 
other  re^taoces  within  the  pipe ;  and,  since  the  entry  head  balances  the  resistance  at  the  entrance 
toih*iipf«ihei«f«ci|^|ieM  hb  en^  U  fis^  velocity  to  thp  mAt  Uk  tto.vesseH<eanslD0  U  Ao  eal* 
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the  pipe  m  rapidly  as  it  flows  through  It,  and  thas  keeping  the  pipe  supplied.  If,  br  shortening  tlM 
pipe,  or  bj  smootbing  ita  inner  surf,  we  diminish  the  total  /riolion,  thon  a  leas  friction  head  will  be 
required  ;  but  the  vel  will,  at  the  same  time,  be  inorea!>ed,  and  tbis  will  require  a  greater  vel  heed, 
and  entry  head,  so  that  the  three  together  make  up  the  toUl  head,  as  before.  Since  the  firietioH  is 
equal  to  the  force  or  head  reqd  to  overcome  it,  it  also  is  repre.sented  by  wo. 

Art*  1  e«  The  friction  head  maj  as  in  v  o,  2  o,  and  2o,  Fig  1,  be  all  above  the  entrance 
to  the  pipe,  and  therefore  oifttide  of  the  pipet  or,  as  in  a  pipe  laid  from  a  to  o.  It  may  be  all  6etoto 
the  entrance,  and  within  the  pipe :  or,  as  in  r  o  snd  t  o,  it  may  be  partly  above,  and  partly  below,  the 
entrance;  and  therefore  partly  within,  and  partly  without,  the  pipe.  The  vel  and  disch.  after  th* 
pipe  is  filled,  are  not  affected  by  tbitt  difference  in  position  of  the  entry  end  ;  but  the  jn-esavrM  in  the 
pipe,  and  the  vels  whilt  the  water  isJUUng  an  empty  pipe,  are  affected  by  it,  as  explained  in  Arts  II 
aud  1  o. 

Art.  \f.  Bat  It  Is  necessary  that  tlie  entry  end  of  llie  pipe 
should  ne  placed  so  far  below  tbe  surf  m  t,  that  them  shall  lie  left, 

above  tbe  cen  of  grav  of  the  entry  end,  at  least  a  bead,  i  a,  suflBcient  to  perform  tbe  duties  of  the  entry 
aud  vel  heads.  If  the  entry  end  of  any  of  tbe  pipes  be  raised  above  «,  a  portion  of  tbe  vel  head  will 
be  in  the  pipe.  In  other  words,  the  head  in  tbe  pipe  will  be  more  than  snffioient  to  overcome  the" 
resistances  in  tbe  pipe;  and  the  surplus  will  act  as  vel  head,  and  will  give  greater  vel  to  the  water 
in  the  pipe.  The  reduced  head  thus  left  above  the  entry  end  will  plainly  be  insufScient  to  maintain 
the  supply  for  the  greater  vel,  and  the  pipe  will  run  only  partly  full. 

In  ordinary  cases  of  pipes  of  considerable  length,  the  sum  of  the  entry  and  vel  heads  theoretically 
required,  is  but  a  small  portion  of  the  total  head,  snd  rarely  exceeds  a  foot.  Indeed,  In  a  pipe  of 
considerable  diameter,  the  upper  half  of  its  cross  section  at  the  entry  end  may  often  be  more  than 
enough  to  provide  snflScient  entry  and  vel  heads  above  the  cen  of  grav  of  said  cross  section :  so  that 
the  top  of  the  entry  end  might,  so  far  as  these  couKiderations  alone  are  concerned,  project  above  the 
surf  of  the  water  in  tbe  reservoir.  But  the  end  of  the  pipe  should  in  practice  always  be  entirely  be- 
low  the  surf;  otherwise  air  and  floating  impurities  will  be  drawn  into  it,  and  cause  obstrnotions. 
Moreover,  the  water  surf  of  reservoirs  is  always  liable  to  considerable  changes  of  height ;  and  the 
entry  end  of  the  pipe  must  be  placed  at  such  a  depth  that  the  water  can  flow  into  it  with  sufBoient 
vel  wheb  at  Its  loweat  stages.    As  before  stated,  tbis  will  cause  no  diminution  or  increase  of  diseb. 

Art.  1  a.  To  find  the  fk*lction  head  reqd  for  any  part  of 
a  pipe;  Knowing  tbe  fric  head  reqd  for  the  whole  pipe.  Since  the  fi-iction.  in  a 
pipe  of  uniform  diam.  Is  (other  things  being  equal)  in  proponion  to  its  length ;  and  aince  w  o,  Flf  1, 
represents  the  total  friction,  or  reqd  ft-iction  head,  we  have 

ToUl  length  ,  Length  of  the  .  .  --o  •  The  friction  head  reqd 
of  the  pipe    •    given  portion  ••""'•        for  that  portion. 
Dr,  having  drawn  10  o  by  scale,  •  to  bor,  and  a  o; 

Total  length  .  Length  of  the  ,  .  .  A  diat.  as  «  c,  to  be  laid 

of  the  pipe    •    given  portion  ••'*'•         off  from  «  on  s  o. 
A_  •  •  aw  •  A  <llBt,  as  «  (,  to  be  laid  off 

"■^  ..•«'.  from  sons  to. 

Then  a  vert  Una,  as  &  e,  drawn  tnm  b  or  e,  and  Joining  •  w  and  a  o,  gives  by  scale  the  fHctlon  bead 
reqd. 

Art.  1  Ik.  If  the  pipe  is  straight,  as  r  o,  v  o,  2  0,  the  friction  in  any  part  beght' 
tiing  at  the  reaervoir,  as  {  6  in  tbe  pipe  I  o,  may  be  found  at  once  by  drawing  a  line  6  1  vert  upward 
tnm  the  axis  of  the  pipe  at  6.  The  line  23  will  then  give  (be  fHctioa  in  1 6.  It  also  gives  the  frie> 
tlon  in  r  4,  or  in  that  part  of  v  o  which  lies  between  «  and  the  dotted  line  1  6.  It  must  be  ressem- 
tiered  that  all  the  pipes  in  Fig  1  are  suppoaed  tojw  ef  tfas 
"' "     Tbey '   " ^^- • 
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same  actual  length.  Tbey  would  thus  end  at  diflbrent  p«inu 

yr J)  o,  and  strictly,  a  separate  diagram  must  be  drawn  for  each 

-?/?  pipe.    In  a  part  of  the  pipe  not  beginning  at  tbe  reservoir, 

as  in  r  o,  V  o.  or  I  o,  between  points  vertically  under  c  and 
X.  the  amount  of  friction  is  given  by  the  line  d  x,  for  it  is 
plainly  =-  y  x  —  &  e. 

Art.  1  J,     If  the  pipe  Is  Tert,  as  v  o. 

Fig  1  A ;  let  is  (on  its  axis  io)  represent,  as  before,  tbe  sum 

"^""^^iT" K  of  the  vel  and  entry  beads.     From  a,  v,  and  o.  respectively, 

dr —  *---  " *■   — ■*  --   — ""'ng  oy—«o.    Draw 

tb<  frictJon  in  any  part. 

as  o  lay  off  f  d  hor,  and 

eq  A,  crossing  «  y  at  y. 

\      \  »  carired^and 

\       \  If  1  nloDg  iu  length,  or 

\        \  so  friction  heads  reqd 

\      \  foi  nay  be  found  in  the 

\     \  aai  Art  1 H.    Otherwise 

\   \  th(  I  Art  I  G. 

\i  er  Is   flllins: 

:iy      n^  of  the  total  liead 

FilTil.  A  ■*• ■-"« •  —  8*'*'  *®  *''®  water  a 

^  fpreater  vel  than  it  has  after  the  pipe  is  filled ; 

but  this  gradually  decreases  as  tbe  advancing  water  encoun* 
ters  the  friction  along  the  increased  lenKtbs  of  pipe  filled;  and  finally  becomes  least  when  the  water 
fills  the  whole  length,  and  begins  to  flow  from  the  disch  end.  o.  But  if  only  tbe  vel  and  entry 
beads  are  left  above  tbe  entry  end.  as  in  a  pipe  laid  from  «  to  o,  there  will  plainly  be  no  such  exoess 
of  total  head,  and,  consequently,  no  such  change  of  vel  during  tbe  BlHng  of  tbe  |rti*«. 
When  a  pipe  of  uniform  diameter  is   flowing  full,  and  is   entirely  open  at  tU   disebarce  cnd« 

the  vel  thronvhont  the  pipe  is  equal  to  that  at  the^oattfow. 
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Bnt  If  the  openiag  o  he  oootrMted,  but  so  ibaped  (see  Fig  7,  p  MO)  that  the  resbtanoe  of  its  edcet 
may  he  neglected ;  then  »«•»>• 

Area  of  .  Area  of  .  .    vol  of    .  vel  throughout 

cross-section  of  pipe  •  oross-sectioD  of  outflow  •  •  outflow  •        the  pipe. 

Art.  1  tn.  Of  tbe  outward,  or  burstinfr,  preflMure  of  water 
in  pipes.  When  any  pipe  is  full  of  water  at  rest,  the  entire  hea<l  acts  um  pressurt 
head,  aad  the  pros  ia  greater  than  when  the  water  is  flowing  through  It.  Tha«,  at  the  point  4  iu  the 
pipe  r  o.  Fig  1,  it  is  that  due  to  the  bead  4  1;  at  the  pointf  in  the  pipe  I  o,  tt  is  that  due  to  the  head 
«__!_;  at  the  point  o.  in  any  of  the  pipes,  that  doe  to  o  p.  Therefore  its  amount  in  lbs  per  sq  inch  is 
=  Total  head  in  ft  X  .434,  as  per  rule  p  224. 

But  if  an  ope»i^  be  made  <a  any  part  of  the  pipe,  or  of  the  reservoir,  the  water  will  of  course  be 
cai  in  motion,  and  although  the  level  in  the  reservoir  be  nainuined,  the  pres  fn  aUparf  of  the  pipe 
and  0/ JA«  reserwoir  will  be  reduced.  The  greater  the  area,  and  number,  of  such  openings,  the 
greater  will  be  the  vel,  and  the  greater  will  be  the  reduction  of  pres.  A  part  of  this  reduction  is.  in 
all  i»ae»,  doe  to  the  vel  of  the  water  in  the  pipe,  which  requires  the  consumption  of  a  part  of  the 
head  (the  vel  head)  for  its  maintenance.  Another  part  is  due  to  resistance  to  entry,  and  the  remain- 
der is  doe  to  friction  within  the  pipe.  ' '  •^"luwu 

Art.  1  n.  The  foregoing  is  true  of  all  other  vessels,  ns 
well  »8  of  pipes.  Thus,  if  an  opening  o  be  made  anywhere  in 
a  vessel  V,  Fig  1  B,  the  pres  tbroughont  will  be  reduced,  and 
the  water  in  the  pipes  p  and  o,  will  no  longer  statid  at  the 
same  level  i  as  that  in  the  vessel,  although  the  vessel  be  kept 
ftill ;  but  will  fall  to  some  lower  one,  /,  which  will  depend  for 
its  height  upon  the  relative  areas  of  cross  section  of  the  urifice 
0  and  of  the  vessel  V. 

Art.  1  o.  The  presisttre  head  of  running  water  upon 
any  point  in  a  pipe  oetween  the  orifice  and  the  reservoir,  is 

/  the  hMd  **«  •>«»^  consiMned     \ 

rthefotal    )  I  due  to  the       ^^^  in  overcoming  r«- 


.  /  the  h« 

'■'  \thatp 


=  •?  head  on      >  mintu  I     ^  "f     *  +  entry   +  tittancea  in  the  pipe     I 


Thus,  at  the  point  6  in  the  pipe  I  o  Fig  1.  the  pres  head  is  =  3  6  =r  l  6M<ltM«(l  14-2  S.i;l  Ibeinf 
=  i  s,  or  =  the  sum  of  the  vel  and  entry  beads.  At  4  in  the  pii>e  r  o~the  pres  bei^  IsouTy  S~T=  I  4 
minus  (12  +  2  8.)  In  a  straifrh  t  inclined  or  hor  pine,  the  preTheadai 

any  point  is  thus  given  by  the  length  of  a  vert  line  drawn  from  the  point  to  the 
line  s  o. 

Art.  1  »•  If  the  pipe  has  grentle  curTesi,  or  if  the  cur- 
vature is  uniformly  distributed  along  the  length  of  the  pipe,  the  pres  heaa  may  be 
found  in  the  same  way  as  for  a  straight  pipe  iu  Art  1  o.  But  if  the  curves  are  of 
oonsiderable  extent,  and  unevenly  distributed  along  the  pipe,  first  find,  by  Art  I  jr, 
the  f^iotion  head  reqd  for  that  part  of  the  pipe  between  the  reservoir  and  the  point  in 
question.  Then  find  the  pres  head  bv  the  above  formula. 

Art«  1  Qf.  For  a  vert  i>ipe  v  o  Fi>  1  A,  draw  the  diagram  as 

direeted  in  Art  1^.    Then  tr  dt~iq  or  ad  — {ab-\-b  g))  gives  the  pres  head  at  q. 
At  the  point  o  in  any  of  the  pipes.  Fig  1  or  Fig  1  A.  the  pres  head  is  zero,  sup- 
posing the  pipe  to  be  entirely  open  at  that  point. 
In  a  pipe  laid  along  the  line  s  o,  Fig  1,  the  pres  head  will  be  zero  at  all  points.  Fl^  1  O 

Art.  1  r.    In  a  pipe  r  m  or  r  m'.  Fig  1  D,  closed  at  its  «md,  »i»  or     *  *» •  -^  ^ 
m',bat  havinaran  orifice  o  hetween  its  end  and  the  reservoir, 

the  pres  at  any  pofut,  x,  between  the  oriflce  and  the  closed  end,  is  eqsal  to  the  pres  in  the  tube 
epposite  the  oriflce,  plu*  that  arising  from  the  head  o'  x 
between  the  oriflce  and  the  point.  If  the  point,  as  x'.  is 
ktgher  than  o.  this  head  is  negative,  and  the  pres  at  x 
will  be  /ess  than  that  opposite  o.  If  the  area  of  the  ori- 
Hee  o  is  such  as  to  pass  the  entire  flow  of  the  pipe  with- 
out obstruction,  the  pres  opposite  o  is  zero.  Otherwise 
there  will  be  a  pres  ato  varying  with  the  amount  of  ob-  _-.  .  ^^ 
struction  to  outflow  at  that  point.  h  Ig,  1  D 

Art.  I  49.  If  a  vert  or  obliqne  pipe  be  In- 
serted into  one  containing  water  under  pres,  the  water 
will  rise  ia  the  .first,  and  the  vert  ht  to  which  it  rises  is 
the  head  producing  the  pres  at  the  point  where  the  tube  is  attached.  Such  tnbes  are  OHiled 
piesoineters,  or  pressure-measurers.  In  order  that  the  ht  of  the  water  in -them 
mar  be  known,  tbev  are  made  of  glass,  at  least  in  that  part  of  their  length  where  the  surface  of  the 
eolnron  is  likely  to  be,  or  else  they  are  provided  with  a  floating  index. 

The  pieEometer  is  nsed  for  detectinjp  the  positions  of  ob- 
struetions  in  a  line  of  pipes.  If  the  water  in  the  piezometer  is  found  at  any  time 
to/oQ  below  its  proper  level.  It  shows  that  the  pressure  in  the  main  pipe  at  that  point  has  become 
Mmiuiahed  by  sojie  obstruction  in  the  Interval  betweeti  U  and  the  reaervotr;  but  if  the  water  Wees 
okovs  its  proper  levd,  it  indicates  that  the  pressure  there  hss  been  increated  by  an  obstrnctinn 

kyofid  the  piezometer.  By  havin^r  several  pieaeometers,  the  point  at 
vhiob  an  obstruction  has  taken  place  can  be  approximately  asoertalned,  and  thus  moeb  of  the  labor 
tt  searoiiing  for  it,  avoided. 
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Art.  1  #•  If  we  imagine  any  pipe,  full  of  water,  to  be  snpplied  with  a  number 
of  piezometers,  then  a  line,  joining  tiie  tops  of  the  columns  of  water  in  the  sereral 
piezometers,  is  called  tlie  hyrtrftulic  grrade  line. 

Art.  1  If.  In  a  straight  tube  of  uniform  diam  throughout,  as  r  o,  v  o,  or  2  o.  Fig 
I,  running  fnll  and  diacburging  freely  into  the  air,  th«  tyd  grade  Kne  is  a  straight  line  4ra,WB 

from  its  disob  end  o  to  a  point  s  immediately  over  the  entry  end  of  the  pipe,  and  at  a  dq>iJi  belo«r 

the  surf  equal  to  the  sum  of  the  vel  and  entry  beads. 

If  tlie  orifice  at  o  be  eontraeted,  the  byd  grade  line  must  be  drawrn 
from  « to  some  point,  as  e,  immediately  over  o,  and  depending,  for  its  bright,  upon  the  amount  of 

contraction  ato.  But  in  this  case 
the  point «  will  also  be  higher  thsm 
before,  because  the  vel  in  the  pipe  is 
reduced  by  the  contraction  ;  and  the 
sum  i  I  of  the  vel  and  entry  bemda 
will  be  less. 

If  tbe  discb  at  o  Is 
under  water,  the  effect 

upon  the  position  of  the  grade  line 
will  be  the  same  as  that  of  a  con- 
traction of  the  orifice  at  o.  The 
point*  will  be  on  the  surf  of  the 
Mwtr  water^aud  immediately  over  •. 

Art.  1  r.    If  tbe  pipe,  of  uniform 

dlan,  (whether  discharging  freely  or  throngh  a  eoo- 
tracted  opening  at  o,  wlietber  into  the  air  or  under 
water),  is  bent  or  curved,  the  hyd  grade 
line  will  still  be  straiglit,  provided  tbe 

resistances  are  equal  in  each  equal  division  of  tbe  hor 
length  of  the  pipe,  as  in  Fig  1  R,  where  equal  divisions 
9w,wx,  Ac,  of  tb«  totaS  length,  Correspond  with  equal 
divisions  v  a,  «  6,  Iw,  of  tbe  Aor  length. 

But  in  Pig  I  F,  tbe  hyd  graae  Une  will  take  the 
Rbape  aao.  For  if,  in  accordance  with  Art.  1  O,  we 
divide  «  0  into  two  equal  ^urts,  «  n»»  m  o.  correspond- 
ing with  the  two  equal  parts  vr,ro,  qt  the  length  of  the 
pipe,  we  obtain  as  c  =  a«  for  tbe  head  consumed  to  the 
resistances  in  v  r,  leaving  only  r  a  for  the  pres  bead  at  r. 

Art  1  ttf.  In  a  very  large  vessel,  the  total  head  upon  any  point  at  the  level 
of  the  entrance  /  to  a  pipe  loo'  Fig  1  G,  is  represented  by  </,  as  already  ex- 
plained (p  2:^7);  but  of  this  total  head  a  portion,  as  »«,  is  required  to  aet  as 
velocity  head  and  entry  bead  for  the  entrance  at  /,  leaving  only  f/  as  the  pres- 
sure head  upon  a  point  in  the  pipe,  immediately  to 
tbe  right  of  i.  Tbua  while  the  pressure,  in  pounds 
per  square  inch,  in  the  vessel  at  /,  is 
^.,    ..  P^iiXOAU    .  (8eep224) 

that  in  the />ip«  at  Ms 

»  =  *  /  X  0.434.  * 

But  now  a  portuwi.as  *r,  of  *•/,  Is  expended  in 
lo  in  balancing  or  "overcoming"  the  resistanott 
throughout  that  portion  of  the  pipe ;  and,  in  doing 
this  work,  it  graduaUy  diminishes  from  sv  (at  /)  to 
nothing  fat  o)  as  indicated  by  the  dotted  line  se. 
Thus,  at  the  point  6,  a  portion  =  6  c  has  already  been 
expended  in  overcoming  the  resistances  in  the  pipe 
between  I  and  6,  leaving  c  6  as  the  pressure  head  at 
6,  of  which  c  m  must  still  be  expended  against  resist- 
ances in  the  wide  pipe  between  6  and  o,  leaving 
'^^~V,^~^o»&t\ke  pressure  head  for  a  point  just 
to  the  left  of  the  contraction  at  o.  The  pressure  in 
;o  is  thus  gradnally  diminished  from  si  (at  /)  to 
«  0  =  V  /  (at  7). 
,  .^  ^  .  1.  ^  ,  .^  ^^^  *  portion  e  *'  of  « o  is  required  to  act  as  ve- 
locity and  entry  head  for  the  entrance  o  to  the  narrower  portion  o  o'  of  the  pipe : 
because  we  need  at  o  not  only  an  additional  eiUi-y  head  to  overcome  the  r^ist* 
ance  due  to  the  square  shoulder  formed  by  the  contraction,  but  also  an  addi- 
tional vetoci/y  head  to  give  the  increase  of  velocity  which  must  take  place  as  the 
water  passes  from  the  wide  pipe  /o  to  the  narrower  one  oo'\  for,  so  long  as  a 
pipe  runs  fm  and  the  discharge  remains  constant,  the  velocity  in  each  part  of 
the  pipe  must  be  inmraely  «m  ike  area  of  cross  section  of  that  part ;  because  in 
^o„?f/?  «  ^**®  ^^^.  quantity  of  water  passes  each  point;  and  this  constant 
?ncreHl^^s.     ^  "^*  ^ ''^'^^'''-    "*"**•  **  ^**®  *'®*  Slirainishes,  the  veloSty 

Dart**tS^t'^th?Hahfn/'*'®'  ''S  ff  ,*^®  P'^ure  head  upon  a  point  In  the  narrow 
part  just  to  the  right  of  o;  and  this  in  turn  gradually  diminishes  to  nothing  at 
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the  end  o'  of  the  pipe,  as  indicated  by  the  dotted  line  so\  beinfr  all  expended  in 

When  the  pressure  la  thus  diminished  by  overcoming  resistances  or  bv  a/., 
celeratmg  Telocity  the  diminution  is  called  Iom  of  headf  S  we  sa7tlmt 

*i.^*'»*"**'l®  ipcreai»e  of  velocity  at  any  point,  as  o  is  verv  tt-r«»itt 

™7^1rA^.^**?.  '«<i°*>:?d,f«'-  «"ch  increase  nmy%ith7he  entTy  h?a5)  1%  aS 
great  as  the  entire  available  pressure  head  at  the  point.    In  such  a  wise  the 

leyei  oi  ine  axis  o  o  oi  the  pipe,  indeed,  the  velocity  head  reouired  mav  aixl 
often  does,  exceed  the  available  pressure  head,  causing  a  n«w^'»X  ^^^^ 
sure,  or  "  suction  "  (tendency  to  vacuum),  so  tLt  if  a  piezometer  bl  letT.r,«W 
from  the  pipe  into  an  open  vessel  containing  water,  the  p^Ssuie  of  the  X iZn 
the  surface  of  thelatter  will  sustain,  in  th«  niezonieter;  a  wlinu.  of  water  «- 
tending  upward  from  the  vessel  toward  the  pipe;  and  tke  hjTiulic  g^Jde  l"i 
for  the  point  where  the  piezometer  joina  th?  {^m,  will  l^  fminnWofr  the  axiS 

Jo^int^nd'^r^^th'j^^LrthrplI^. ""  ^  ^^^^-^^-^  f~m  this  lower 


S  oftw  ?°*^®'^  ^'"'^  this,  because  as  soon  as  the  valve  t»  opens,  the  syphon  beco^ 
L  •r*l^'^*'  separate  tubes  open  at  top ;  and  the  water  Will  fall  in  fothV  iSoH- 
fice  at  the  escape  will  be  needed  for  filling  the  syphon  at  the  start-  and  tnJuS 
vent  the  water  thus  introduced,  from  running  out.  stopcocks  mSa?b^  provid^^" 
the  ends,  and  kept  closed  until  the  filling  is  completed  provwea  at 

The  gxeat^  pains  must  be  taken  to  make  all  the  joints  perfectly  air-tiKbt 
vpTt^?.*'"'^*''**P'*^S'  ?fu  ^^^  ^**^^*»  causes  the  flow  in  a  syphon  is  the 
7t  f«  fK?/iSj  ^''T  .     *'"l^'Jf  ®  reservoir,  to  the  diach  end  c;  or  in  other  words, 
It  Is  the  difl;  1 0,  between  the  theoretical  lengths  ft  *  and  6  o,  of  the  two  legs.    Con^ 

*  Said  ^reMure  of  the  air  is  of  oour^s  not  exerted  direeUy  at  a  or  f ;  bat  ia  transmitted  to  a  Uiroogk 
ue  water  ia  tlie  veiuel;  and  ttience  upward  to  i  througb  the  water  in  tbe  siplioa. 
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sequently,  the  farther  c  is  below*  the  more  rapid  will  be  the  flow :  and  it  is  plain 
that  as  the  surf  gradually  sinks  below  «,  the  less  rapid  will  the  flow  become.  Hav> 
Ing  this  head,  the  entire  length  ah  cot  the  syphon,  and  its  diam,  all  in  ft.  the 
disch  may  be  lound  approximately  by  either  of  the  rules  given  in  Art  2  for  straight 

Eipes.    These  rules  give55i/^  galls  per  min,  instead  of  the  4S%  galls  actually  dischd 
y  Col  Crozet's  syphon,  with  a  head  of  20  ft,  as  stated  on  p  242,  wbleli  see. 
In  a  trne  syplion,  agnyo  Fig  H,  free  frmn  air  inside,  and  running  full^ 
the  total  lieaa  po  is  measured  vertically  from  the  surface  mi  in  the  reser- 
voir to  the  center  of  gravity  of  the  outlet  o,  as  in  Fig  1;  the  hydraulic 
g^radient  (with  the  restriction  named  in  Art  1  v)  is,  as  before,  a  staraight  line 

sro  drawn  from  the  foot  s 
of  the  combined  entry  and 
velocity  heads  to  the  end 
o;  and  the  velocity  and 
discharge  are  the  same  as 
they  would  be  if  all  parts 
of  the  pipe  were  brought 
below  aro.  But  see  cau- 
tions 1  and  2,  below. 

The  nressure  at 
any  point,  g^  n  or  ^,  is 
then  given  by  a  vertical 
line,  iCM,  nr  or  yv,  drawn 
from  the  point  in  question  to  iro\  but  for  points,  as  n,  situated  aibovf  sro^  this 
pressure  is  negative  or  ivward;  while  at  points  where  sro  and  the  pipe  are  at  the 
same  level,  as  at  /and  c,  there  is  neither  i)re8sure  nor  vacuum. 

Cantion  1.  But  if  the  wat«r  be  admitted  to  the  empty  pipe  at  a,  while  the 
end  0  is  open,  the  pipe  will  not  form  a  true  syphon.  The  part  apn  will  then  run 
full,  and  will  have  sen  as  its  hydraulic  gradient;  but  upon  reaching,  at  n,  a 
portion  no  of  the  pipe  with  a  much  steeper  grade,  the  water  will  run  off,  in  n  o, 
with  a  velocity  greater  than  that  with  which  it  arrives  from  a  n.  Hence  the 
stream  in  no  will  have  a  less  area  of  cross  section  than  in  an^  and  therefore  can- 
not fill  no,  but  will  run  of?  in  it  as  in  an  open  gutter. 

Caution  2.  The  tendency  to  vacuum  at  points  above  sro  causes  an  accu- 
mulation, at  w,  of  particles  of  air  that  have  been  carried  into  the  syphon  by  the 
water  or  have  found  their  way  in  through  imperfect  joints,  etc;  and  these 
bring  about  a  condition  approaching  that  described  in  Caution  1 ;  for  their 
expansive  force,  by  reducing  the  negative  pressure  or  vacuum  nrat  n,  diminishes 
the  total  head  A  r  of  the  part  a ^n,  while,  oy  practically  reducing  the  cross-sec- 
tion of  the  syphon  at  w,  tney  require  thai  a  portion  of  ihe  remaining  head  be 
used  at  n,  as  entry  head  to  overcome  the  resistance  caused  by  the  contraction, 
and  as  velocity  head  to  give  the  increase  of  velocity  needed  for  nassiiig  the  nar- 
rowed section  at  n.  Now  since  the  friction  head  required  for  tihe  part  a. 9 n  re- 
mains about  the  same,  the  velocity  head  in  the  reservoir  is  considerably  dimin- 
ished, and  the  water  arrives  at  n  too  slowly  to  keep  n  0  filled.  The  accumulation 
of  air  at  n  thus  retards  the  flow  and  disturbs  the  distribution  of  the  pressures, 
80  that  these  are  no  longer  correctly  indicated  by  vertical  lines  drawn  to  *ro. 

At  Blue  Ridire  Tunnel,  Virginia,  Col.  C.  Crozet  constructed  a  drainage 
syphon  1792  ft  long  of  cast  iron  faucet  pipes  3  ins  bore,  9  ft  long.  Its  summit  wa« 
9  ft  above  the  surface  of  the  water  to  be  drained ;  and  its  discharge  end  was  20  ft 
below  said  surface,  thus  giving  it  a  head  of  20  ft.  At  the  summit  670  ft  from  the 
inlet,  was  an  ordinary  cast'iron  air-vessel  with  a  chamber  3  ft  high  and  15  ins 
inner  diam.  In  the  stem  connecting  it  with  the  syphon  was  a  cut-oflT  stop- 
eoeh :  and  at  its  top  was  an  opening  6  ins  diam,  closed  by  an  air  Ught  screw  lid. 
At  each  end  of  the  syphon  was  a  stopcock.  To  start  the  Aow  these  end 
cocks  are  closed,  and  the  entire  syphon  and  air-vessel  are  filled  with  water  through 
the  opening  at  top  of  air-vessel.  This  opening  is  then  closed  airtight,  and  the  two 
end  co<dM  afterwards  opened ;  the  cut-off  cock  remaining  open.  The  flow  then 
begins,  and  theoretically  it  should  continue  without  diminution,  except  so 
far  as  the  head  diminishes  by  the  lowering  of  the  surface  level  of  the  pond.  But 
in  praetiee  with  very  long  syphons  this  is  not  the  case,  for  air  begins  at  once 
to  disengage  itself  from  the  water,  and  to  travel  up  the  syphon  to  flie  summit, 
where  it  enters  the  air-vessel,  and  rising  to  the  top  of  the  chamber  gradually 
drives  out  the  water.  If  this  is  allowed  to  continue  the  air  would  first  fill  the  en- 
tire chamber,  and  then  the  summit  of  the  syphon  itself,  where  it  would  act  as  a 
wad  completely  stopping  the  flow.  The  water-level  in  the  air  chamber 
can  be  detected  by  the  sound  made  by  tajpping  a^inst  the  outside  with  a  hammer. 
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To  nreTent  tlite  stoppaf^,  the  cut-off  at  the  foot  of  the  chamber  it 
closed  before  the  water  is  all  drlren  oat;  and  the  lid  on  top  being  remoyed  the 
chamber  is  refilled  with  water,  the  lid  replaced,  and  the  cat-off  again  opened. 
The  flow  in  the  meantime  continues  aninterrnpted,  but  still  graduaUy  diminish* 
ing  notwithstanding  the  refilling  of  the  chamber:  and  after  a  number  of  refill- 
ings  it  will  cease  altogether,  and  the  whole  operation  must  then  be  repeated  by 
filling  the  whole  syphon  and  air  chamber  with  water  as  at  the  start. 

At  0>1.  Crozet's  svphon  at  first  owing  to  the  poresity  of  the  joint-caulking, 
which  was  nothing  but  oakum  and  pitch,  air  entered  the  pipes  so  rapidly  as  to 
drive  all  the  water  firom  the  chamber  and  thus  require  it  to  be  refilled  every  5  or 
10  minutes;  but  still  in  two  hours  the  synhon  would  run  dry.  The  joints  were 
then  thoroughly  recaulked  with  lead,  and  protected  bv  a  covering  of  white  and 
red  lead  made  into  a  puttv  with  Japan  varnish  and  boiled  linseed  oil.  But  even 
then  the  chamber  had  to  be  refilled  with  water  about  every  two  hours;  and  after 
six  hours  the  syphon  ran  dry,  and  the  whole  had  to  be  refilled.  In  this  way  it 
continued  to  work. 

In  the  writer's  opinion  an  inside,  and  probably  an  outside  coating  of  the  pipes 
and  air-vessel  with  the  coal  pitch  varnish,  Art  33,  p  291,  would  effect  a  great  Im- 
provement. 

Art.  3.  Araroximate  formulw  for  the  welocity  of  water  in 
straight,  smooth,  cylindrical  iron  pipes,  as  ro,  vo,  /o,  Fig  1,  p  237.  Having  the 
total  headpo,  and  the  length  and  diameter  of  the  pipe. 


Approx 
nM^aii  wel 

in  ti  per  sec 


"I       coefficient         / 
J        as  below        \^ 


diam  in  ft  X  total  bead  iu  ft 
total  length  in  ft  -)-  54  diams  in  ft 


Table  of  coefficients  ^*  m  * 


diameter  *  of  pipe^ 

iu  fee 

b 

diam  X  head      ^ 

V  length +54  diams 

.05 

.10 

.60 

1 

IJS 

2 

3 

4 

m 

m 

m 

m 

m 

in 

m 

m 

.005 

29 

31 

33 

35 

37 

40 

44 

47 

.010 

34 

35 

87 

39 

42 

45 

49 

68 

.020 

89 

40 

42 

46 

49 

52 

56 

59 

.030 

41 

48 

47 

50 

54 

57 

60 

63 

.0^ 

44 

47 

52 

54 

56 

GO 

64 

67 

.100 

47 

50 

64 

56 

58 

62 

66 

70 

.200        ) 
and  over/ 

48 

51 

65 

58 

60 

64 

67 

70 

The  above  coefficients  are  approximate  averages  deduced  from  a  large  number 
of  experiments.  In  most  cases  of  pipes  in  fair  condiiion,  carefully  laid,  and 
straight  or  nearly  so,  they  should  give  results  within  say  from  5  to  10  per  cent 
of  the  trutli.  But  slight  differences  as  to  roughness  etc,  may  cause  much 
greater  variations,  especially  in  small  pipes,  for  in  such  a  given  roughness  of 
surface  bears  a  greater  proportion  to  the  whole  area  of  cross  section  than  in  a 
pipe  of  large  diameter.   Extreme  accuracy  is  not  to  be  expected  in  such  matters. 

As  in  a  river  the  velocity  half  way  across  it,  and  at  the  surfnce,  is  usually 
greater  than  at  the  bottom  and  sides,  so  in  a  pipe  the  velocity  is  greater  at  the 
center  of  its  cross  section  than  at  its  circumf.  The  niean  weloclty 
referred  to  in  our  rules  is  an  assumed  uniform  one  which  would  give  the  same 
discharge  that  the  actual  nnuniform  one  does. 

Hence 


Area  of  cross  section 

of  pipe  in  sq  ft. 


l^ischarge    _^  Mean  velocity  v. 

in  cub  ft  per  sec  '^       in  ft  per  sec       ^ 

See  tables  pp  125  to  140, 157,  247. 

1  cnbic  foot     =s  7.48052  U.  S.  gallons 

1  v.  8.  iTAllon  =   .13368  cubic  foot  =  231  cubic  inches. 

For  Kntter's  formula,  as  applied  to  pipes,  see  p  244. 


•  For  iBteroMdiMe  diMaeten, 
porttoD. 


1, 6(0,  Uke  intermediate  ooeffioieots  from  the  table  by  almple  pre- 
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Id  the  case  of  lone  pipes  with  low  heads,  the  tatii  of  tba  TetooHy  and  eofry 

hesids  (see  pp  237,  288)  is  frequently  so  small  that  it  may  be  neglected.  Where 
this  is  the  case,  or  where  their  amount  can  be  approximately  ascertained,  Kut- 
ter's  ftfrmnla,  although  designed  for  open  channels,  may  be  used.  This 
lonnula  is  the  joint  production  of  two  eminent  Swiss  engineers,  £.  GanguiHet. 
and  W.  B.  Kutter,  but  for  convenience  it  is  usually  called  by  the  name  of  tlie 
latter.* 

It  ie,  properly  speaking, «  formula  for  finding  the  coefficient  e  in  the  well 
known  lormula. 


Mean  velocity  =  c  i/mean  radius  X  slope 


-J 


diameter  ,^    , 

—  X  slope 


According  to  Kutter, 

For  EniTllsli  measure.  Tor  metric  measure. 

4,.6  +  -^»+i^                        «  +  •!»?»  +1 
slope »  slope        n 


|/nieau  rad  in  /eei  l/meah  rad  in  meini 

See  also  tables  Of  c,  pp  275  to  278. 

The  mean  radius  is  the  quotient,  in  feet  or  in  metres,. obtained  by  diyid- 
ing  the  area  of  wet  cross  section,  in  square  feet  or  in  square  metres,  by  the  wet 
i>erimeter  (see  below)  in  feet  or  in  metres.  In  pipes  running  full,  or  exactlv  half 
lull,  and  in  semicircular  open  channels  running  full,  it  is  equal  to  one  fourth 
of  the  inner  diameter. 

The  wet  perimeter  is  the  sum,  ab  eo  Figs  28, 29, 80,  p  271,  of  the  lengths, 
aft,  6  c,  CO,  in  Teet  or  in  metres,  found  by  measuring  (at  right  angles  to  the  length 
of  the  channel)  such  parts  of  its  sides  and  bottom  as  are  in  contact  with  the 
water.  In  pipes  running  full,  it  is  of  course  equal  to  the  inner  circumference. 

The  slone  Is  » >Hc<tan  head  tro  Fig  l,p^ 

'^  length  of  pipe  measured  in  a  straigltt  line  from  end  to  end. 

=  sine  of  angle  u;«o.  Fig  1. 

In  open  channels,  this  becomes 

1 A       SI  fall  of  water  surface  in  any  portion  of  the  length  of  the  channel 
*^  ^  length  of  that  portion 

-3  fill  of  water  surface  per  unit  of  length  of  channel 

^  sine  of  the  angle  formed  between  the  sloping  surface  and  the  horizon. 

The  number  indicating  the  slope  in  any  given  case  Is  plainly  the  same  for 
English,  metric  and  all  other  measures. 

«« n  "  is  a  '<  eoeflielent  of  ronsrhness ''  of  wet  perimeter,  and  of  course 
depends  chiefly  upon  tl»e  character  orthe  inner  surface  of  the  pipe.  For  iron 
pipes  in  good  order  and  from  1  inch  to  4  feet  diameter,  n  may  be  taken  at  from 
.010  to  .012 ;  the  lower  figures  being  used  where  the  pipe  is  in  exceptionally  good 
condition. 

If  the  diameter,  or  the  mean  radius,  is  in  feet,  metres  etc,  the  Telocity  will  be 
in  feet,  metres  etc,  per  second. 

*  See  "  Flow  of  Water,"  tmnslated  from  GanguiHet  and  Kutter,  by  Rudolph  Hering 
and  John  C.  Trautwine,  Jr.,  New  York,  John  Wiley  A  Sons,  1889.    $4.00. 
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The  Oiimeter  •«•  the  irtope,  »e%«ire<l  for  m  c^Tea  wwtmmUjf 

may  be  found  by  trial  as  follows:  aasurae  »  diameter,  or  a  alupe,  a«  iIm  oaae  way 
be ;  take  the  corresponding  c  from  tables,  pp  275,  etc.    Then  say 

Approx  1H»m  required       nwan  ^  ,  ^  /  j:^**^*^^ A*  ^  . 

for  the  given  vef  radius^'      XcyBlope) 

Approx  Slope  reqnired  _  / :«^^locity        y^  /^reloclty    \« 

for  the  given  vcF  \  ci/ro  can  radius/  ""Vcvi  dlam/  " 

With  the  approximate  diameter  (or  slope)  and  e,  thus  obtained,  say 
t/  =  cl/'oa^^n  radius  X  sTopei  If  v'  Is  near  enough  to  the  given  veloi-iiy,  the 
assumed  diameter  (or  slope)  is  the  proper  one.  If  Dot,  try  again,  assumiDg  a 
greaier  diameter  or  slope  than  before  if  v'  is  <«m  than  the  required  ?elocity,  and 


To  rednee  enb  ft  to  U.  8.  gallona.  mult  by  7.48.  Since,  therefore.  8  onb  ft  are  eqval  to  iO  gal*,  (rery 
Bearljr,)  If  we  divide  the  enb  ft  per  84  boars,  by  8,  we  get  the  Dumber  of  persona  tbat  may  be 
daily  aui^lied  with  60  gals  each,  by  a  pipe  eonslaiKty  mnning  t%M,  and  at  the  vel  given  in  the  third 
col.  This  oondition  doea  not  exist  in  city  water-pipea;  the  water  in  them  being  oomparatively  atag- 
naoL    Therefore,  the  reaulta  of  the  rale  and  table  do  not  at  all  apply  to  them. 

Rem.    If  tlie  pipe,  InsteiMl  of  bein^  8trai«lit,  iiaii  eiMy  earves, 

(say  with  radii  not  leas  than  5  diama  of  the  pipe.)  either  hor  or  Tert.  the  diach  will  not  be  materially 
diminlabed,  so  long  as  the  total  headn.  and  total  aetnal  lengtha  of  pipes  remain  the  aame;  proTided 
the  topa  of  all  the  eunrea  are  kept  below  the  hydraulic  grade- line ;  and  proviaion  be  made  for  the 
aaeape  of  air  aeoomulatlng  at  the  tops  of  the  carves.    See  Fig  44  A,  p  297. 

Notwifthstanding;  wliat  Is  said  about  bends  on  pages  255, 256,  w« 

•dviae  to  make  the  radiaa  aa  mach  mttr*  than  5  diama  as  can  oonveniently  be  done. 

To  Und  either  the  area  of  pipe,  opening,  or  ehannel-way ; 
or  the  mean  vel :  or  the  quantity  discharg^ed,  when  the  other  two 

are  given.  Thia  applies  to  bpenings  in  the  sides  of  vesseia,  to  rivera,  and  to  all  other  channels  aa 
well  aa  to  pipea.  * 

Diaoh  in  cab  ft  Disch  in  enb  ft 

Area  in  _       P*'"'*^'"'  Memnvel  ^      per  second 

"If^*-    "      meanrelin  Inftperaeo  .^^^ 

feet  per  sec.  aq  feet. 

Disch  in  cub  ft  _  area  in  ^    mean  rel  in 
peraeoond       ""  aq  feet  ^  ftperaeoond. 
Or  an  the  term*  msr  be  in  inches  instead  of  feet ;  and  minutes  or  hoars  instead  of  aeooiMia. 
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TABIiE  S.       Weiirlit  of  wmUfr  (At  6t^  lbs  p«r  enh  ftMvt)  con- 
tained in  one  foot  lennrth  of  pipes  ofaiflrerent  lK»res.  (Original.) 


Bore. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

Bore. 

Water. 

I... 

Lbi. 

Ids. 

Lbs. 

Ina. 

Lbs. 

Ids. 

Lbs. 

Ids. 

Lbs. 

Ins. 

Lbs. 

^ 

.00531 

2. 

1.3581 

^H 

5.0980 

7« 

19.098 

13H 

61.877 

22 

164.33 

^ 

.02122 

^ 

1.5331 

4. 

6.4323 

H 

20..392 

14. 

66.545 

23 

179.60 

t^ 

.04775 

^ 

1.7188 

1/ 

6.1325 

8. 

n.T29 

H 

71.884 

24 

196.66 

^ 

.08488 

1.9150 

^ 

6.8750 

^ 

2.3.109 

15. 

76J}92 

36 

212.30 

^ 

.13263 

^ 

2.1220 

s 

7.6601 

24.5.10 

H 

81.568 

36 

229.51 

^ 

.19098 

^ 

2..3395 

5. 

8.4880 

w 

35.999 

16. 

86.916 

37 

247.61 

■     Ji 

.25094 

2.5676 

H 

9.3580 

9. 

27.501 

% 

92.484 

28 

366.18 

1 

.33963 

H 

28063 

H 

10.270 

H 

90.641 

17. 

98.121 

39 

286.58 

H 

.42969 

3. 

3.0557 

H 

11.225 

10. 

33.952 

H 

103.97 

SO 

805.57 

>i 

.53090 

H 

.3.31.56 

6? 

12.223 

\i 

37.4,32 

18 

110.00 

31 

826.27 

H 

.MM 

^ 

3.5862 

18.262 

11. 

41.082 

H 

116.20 

83 

847.66 

hi 

.76392 

3.8673 

s 

14.345 

H 

44.901 

19. 

122.56 

33 

860.74 

H 

.896.54 

H 

4.1591 

^ 

15.469 

12. 

48.891 

yi 

129.10 

84 

892.48 

H 

1.0398 

H 

4.4615 

7. 

16.636 

» 

53.049 

30. 

135.81 

35 

415.90 

H 

1.1936 

h 

4.7745 

H 

17.846 

13. 

57.379 

21. 

149.73 

86 

440.00 

And  In  larirer  pipes,  as  the  sqaares  of  their  bores.    Thus  a  pipe  of  40  or 

to  ins  bore,  will  oontain  4  time*  aa  mooh  as  one  of  30  or  30  ins  bore ;  and  one  of  -A,  }i  aa  modi  •• 
rae  of  H  inoh.    At  9iyi  lbs  per  oub  ft,  a  iq  inch  of  water  1  ft  high  weighs  .482393  of  a  lb. 
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TABIiE  3. 


Areas  and  CTontetits  «f  P 
of  DifUiM.    (Origii 


IpMis  Attd  nqiiare  roaia 

A )  Ooiveet. 


ArMin 

Araala 

1. 

•qft,»l«o 
i«bft. 

V 

Diaoi. 
in 
liu. 

Piam. 
In 

■qft..lM 
OUbll. 

V 

in  1  foot 

DUro. 

in  1  foot  < 

DUm. 

■TC."' 

loFt. 

-■K^' 

In  Ft. 

IJ 

.oaoe 

.0008 

.145 

4. 

.8338 

.0878 

.679 

15. 

1.260 

T227 

1.118 

ft.  16 

.0200 

.0006 

.161 

^ 

.8488 

.0028 

.508 

L/ 

1.271 

1.268 

1.12T 

?8 

.WIS 

.0006 

.177 

^ 

.8542 

.0985 

.696 

^ 

1.292 

1.310 

1.186 

716 

.0365 

.0010 

.191 

.8646 

.1040 

.604 

1.818 

1368 

1.146 

H 

.0417 

.6014 

.204 

^ 

.8750 

.1104 

.612 

16. 

1.818 

1.896 

1.165 

016 

.04«» 

.0017 

.217 

2 

.3854 

.1167 

.621 

1.864 

1.440 

1.168 

H 

.0521 

.0021 

.228 

p^ 

.8958 

.1231 

J29 

i^ 

1.875 

1.486 

1.172 

11  16 

.0578 

.0026 

.239 

yc 

.4063 

.1296 

.637 

■/ 

1.896 

1.530 

1.181 

fi 

.0625 

.0081 

.290 

5. 

.4167 

.1368 

.645 

17. 

1.417 

1.57« 

1.190 

l:il6 

.0677 

.0036 

.260 

^ 

.4271 

.1438 

.653 

g 

1.437 

1.628 

1.199 

>i 

.07» 

.0042 

.270 

.4875 

.1508 

.660 

1.458 

1.676 

1.107 

li^ie 

.0781 

.0048 

.280 

g 

.4479 

.1576 

.660 

■^ 

1.479 

1.71H 

1.216 

1. 

.0838 

.289 

.4588 

.1650 

.677 

18. 

1.6 

1.767 

1.224 

1  16 

.0685 

!006S 

.297 

K 

.4688 

.1725 

.685 

H 

1.542 

1.867 

1.241 

H 

.0938 

.0069 

J05 

H 

.4791 

.1808 

.693 

19. 

1.688 

1909 

1.268 

?16 

.0990 

.0077 

.314 

h 

.4896 

.1878 

.700 

H 

1.625 

2.074 

1.274 

'( 

.1042 

.0085 

.322 

6. 

.5 

.1964 

.707 

20. 

1.667 

2.181 

1.291 

516 

.1094 

.0004 

.330 

X 

.5206 

.2131 

.7W 

H 

.708 

2.292 

1.807 

» 

.1146 

.0103 

.338 

H 

.5417 

.2304 

.736 

21. 

1.780 

2.405 

1.823 

7  16 

.1198 

.0113 

.346 

H 

.6625 

.2485 

.750 

H 

.791 

2.621 

1.SH9 

M 

.1250 

.0123 

.354 

1? 

.5688 

.9678 

.764 

22. 

.833 

2.640 

1.864 

9  16 

.1302 

.0133 

.361 

^ 

.6042 

.2867 

.777 

H 

1.876 

2.T61 

1.360 

H 

.1354 

.0144 

.368 

.6250 

.3068 

.791 

28. 

1.917 

2.885 

1.384 

11-16 

.1406 

.0156 

.375 

w 

.6458 

.8276 

.803 

yi 

.958 

8.012 

1.899 

H 

.1458 

.0167 

.882 

8. 

.6667 

.8491 

.817 

24. 

2.000 

8.142 

1.414 

UI6 

.1510 

.0179 

.389 

.6875 

.8712 

.829 

25. 

2.083 

8.409 

1.443 

}i 

.1563 

.0192 

.895 

LZ 

.7088 

.8941 

.841 

26. 

2.166 

8.687 

1.472 

1516 

.1615 

.0206 

.402 

^ 

.7292 

.4176 

.854 

27. 

2.250 

8.976 

1.600 

2. 

.1667 

.0218 

.406 

9. 

.75 

.4418 

.866 

28. 

2  333 

4.276 

1.528 

MG 

.1719 

nor.., 

.414 

H 

.7708 

.M67 

.879 

29. 

2  416 

4.687 

1.566 

^ 

.1771 

.420 

H 

.7917 

.4922 

.890 

SO. 

2.500 

4.909 

1.581 

816 

.1823 

.427 

H 

.8126 

.6185 

.902 

81. 

2.584 

6.241 

1.607 

M 

.1875 

.433 

10. 

.8333 

.5454 

.913 

82. 

2.666 

6.586 

\.tM 

^16 

.1927 

.440 

yt 

.8542 

.5736 

.924 

88. 

2.750 

6.940 

1.658 

H 

.1979 

.445 

^ 

.8750 

.6013 

.935 

84. 

2.HS4 

6..<i05 

1.683 

7:16 

.2031 

.451 

^ 

.8958 

.6308 

.946 

85. 

2  916 

6  681 

1.708 

H 

.2063 

.457 

11. 

.9167 

.6600 

.967 

86. 

8.000 

7.069 

1.732 

9^16 

.2135 

.462 

1^ 

.9375 

.6908 

.968 

88. 

8.166 

7.876 

1.779 

M 

.2188 

.467 

^ 

.9588 

.7218 

.979 

40. 

8.888 

8.727 

1.825 

1M6 

.2240 

.473 

^ 

.9792 

.7580 

.990 

42. 

8.500 

9.621 

1.871 

H 

.2292 

.478 

12. 

1. 

.7854 

1.000 

44. 

8.666 

10.66 

1.914 

13:16 

.2344 

.484 

1.021 

.8184 

1.010 

48. 

4.000 

12.67 

2.000 

yc 

.2396 

.489 

1^ 

1.042 

.8522 

1.020 

54. 

4.600 

16.90 

2.121 

15*16 

.2448 

^ 

.495 

u 

1063 

.8866 

l.Ml 

60. 

5.000 

19  68 

2.236 

s. 

.2500 

.500 

13. 

1.088 

.9218 

1.041 

66. 

5.500 

28.76 

2.845 

K 

.2604 

.510 

1.104 

.9576 

f.051 

72. 

6.000 

28.27 

2.449 

3 

.2708 

.520 

1.125 

.9940 

1.060 

78. 

6.600 

83.18 

2.550 

s 

.2813 

.530 

■/ 

1.146 

1.031 

1.070 

84. 

7.000 

88.48 

2.646 

3 

.2917 

.540 

14. 

1.167 

1.069 

1.080 

90. 

7.500 

44.18 

2.739 

il 

..1021 

.650 

% 

1.187 

1.108 

1.090 

96. 

8.000 

50.27 

2.828 

H 

..SI  25 

.560 

H 

1.906 

1.147 

1.099 

S 

.3229 

.570 

« 

1.229 

1.187 

1.110 

For  conCoiits  in  i^allons,  see  p  157. 
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248  HYDRAULICS. 

Art.  3.    To  find  the  toial  fetead  required  for  a  (slyen  Telocltjr,  or 

fiveM  diseliargre,  thruugh  a  ^raigkti  amootl),  cyliodrical  iron  pipe  of 
oowD  diaiu  and  leugth. 

If  the  pipe  is  eurTed,  see  Bern  p  245. 
If  the  discharge  is  given,  first  find 

mean  velocity discharge  in  cubic  feet  per  second 

in  fee(  per  second  ~  area  of  cross  section  of  pipe  in  square  feet 

Tlien 

•  /     diain  X  head      _  mean  velocity  in  feet  per  second 


approx  -y  length  +  54  diams  the  proper  divisor  as  follows 


diam  of  pipe  in  ft    .05    .10    .50    1      1.5    2      8     4 
divisor  40     43     46    48     51    54    58    61 

(for  intermediate  diams,  take  intermediate  divisors  by  guess.) 

From  table  Art  2,  p  243,  take  the  coefficient  m  corresponding  to  this  value  of 

J.     ^rll'T-^- .  and  to  the  given  diam.    Then 
\  length  +  54  diams' 

Total     Kfeet'^^ys^*  ^  ^^^"^^^^  in  ft  +  54  diams  in  ft) 
in*ft?t"  m«Xdiaminfeei 


To  find  the  Friction  head.    Weisbach's  forninhi. 

(.01716      \      I»«ngth         Vel«in 
.0144  +   — — — — --  Iv  *n  *ee'  v  ftiiersec 
%/^tinft  p  Tnsi;r  ^  ""eti"" 
per  sec     f      !„  feet 

For  the  total  head,  we  have  only  to  add  together,  the  fHetlon  head 

so  found,  the  veioelty  head,  taken  from  the  next  table,  or  fh>m  Table  10,  p  258, 
opptwite  the  given  velocity,  and  the  entry  head  («  say  half  the  velocity  head). 
The  sum  of  the  velocity  head  and  entry  head  rarely  amounts  to  a  fbot. 

TABI^E  4U.  Of  the  vel,  and  discharge  of  water  through  straight,  smooth, 
cylindrical  cast-iron  pipes;  with  the  friction  head  required  for  each  100  feet  in 
length ;  and  also  the  velocity  head.  Calculated  by  means  of  Weisbach's  formula,  by 
JHnies  Thompson,  A  M ;  and  George  Fuller,  C  B,  Belfast,  Ireland.  The  vel  bend 
remains  the  same  for  any  lengtfi  of  pipe;  being  dependent  only  on  the  vdodtjf  of  the 
.water  in  the  pipe. 

The  entry  heatl  is  equal  to  about  half  the  val  bead. 

Digitized  by  LjOOQ IC 
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TABUB  41^ 


Vel- 
hesdiu 
Feet. 

Diam.  in  locbee. 

y«l.  In 
Feet 

3 

3^4 

4 

*H 

6 

per  Sec 

Prbead 
P»per 

100  ft. 

Cabn 

FrheMl 
Ptper 
100  Ik. 

Oubft 
pernio 

PrheiMl 
Ft  per 
100  n. 

Cabrt 
perMlB 

FrheMl 
Ft  per 
100  ft. 

Oabrt 
per  Mia 

FrbMd 
Ft  per 
100  ft. 

Cab  ft 
per  Mia 

2.0 

.062 

.659 

5.89 

.666 

8.02 

.4M 

10.4 

.489 

13.2 

.396 

163 

2.2 

.075 

.780 

6.48 

.660 

8.82 

.585 

11.6 

.620 

14.6 

.468 

16.0 

2.4 

.090 

.911 

7.07 

.781 

9.62 

.688 

12.6 

.607 

16.9 

.647 

19.6 

2.6 

.105 

1.05 

7.65 

.901 

10.4 

.788 

18.6 

.701 

17.2 

.631 

21.3 

2.8 

.122 

1.20 

8.24 

1.03 

11.2 

.900 

14.6 

.800 

18.6 

.720 

22.9 

3.0 

.140 

1.86 

8.83 

1.16 

12.0 

1.02 

16.7 

.906 

19.8 

.616 

24.6 

3.2 

.160 

1.62 

9.42 

1.81 

12.8 

1.14 

16.7 

1.02 

21.2 

.916 

26.2 

3.4 

.180 

1.70 

10.0 

1.46 

13.6 

1.27 

17.8 

1.18 

22.5 

1.02 

27.8 

3.6 

.202 

1.89 

10.6 

1.62 

14.4 

1.41 

18.8 

1.26 

28.8 

1.18 

29.4 

3.8 

.225 

2.08 

11.2 

1.78 

16.2 

1.56 

19.9 

1.39 

26.2 

1.26 

81.0 

4.0 

.250 

2.28 

11.8 

1.96 

16.0 

1.71 

ao.9 

1.62 

26.5 

1.37 

82J 

4.2 

.275 

2.49 

123 

2.14 

16.8 

1.87 

22.0 

1.66 

27.8 

1.50 

34.3 

4.4 

.302 

2.71 

12.9 

•2.33 

176 

2.03 

23.0 

1.81 

29.1 

1.68 

36.0 

4.6 

.330 

2.94 

13.5 

2.62 

18.4 

2.21 

24.0 

1.96 

304 

1.76 

37.6 

4.8 

.360 

3.18 

14.1 

2.72 

19.2 

2.38 

26.1 

2.12 

31.8 

1.91 

39i2 

6.0 

.390 

3.48 

14.7 

2.94 

20.0 

2.57 

26.2 

2.28 

33.1 

2.06 

40.9 

6.2 

.4-22 

368 

15.3 

3.16 

20.8 

2.76 

27.2 

2.46 

34.4 

2.21 

42.6 

5.4 

.455 

3.94 

16.9 

3.38 

21.6 

2.96 

28.2 

2.63 

36.8 

2.37 

44.2 

5.6 

.490 

4.22 

16.6 

a6i 

22.4 

3.16 

29.3 

2.81 

37.1 

263 

46.8 

6.8 

.525 

4.50 

17.1 

3.85 

23.2 

a37 

ao.3 

3.00 

38.4 

2.70 

47.4 

6.0 

.562 

4T8 

17.7 

4.10 

24.0 

3.69 

81.4 

3.19 

39.7 

2.87 

49.1 

6.2 

.600 

5.08 

18.2 

4.36 

24.8 

3.81 

82.4 

3.39 

41.0 

3.06 

60.7 

.   6.4 

.640 

5.39 

18.8 

4.62 

26.6 

4.04 

33.5 

3.59 

42.4 

3.23 

62.3 

6.6 

.680 

5.70 

19.4 

4.89 

26.4 

4.28 

34.5 

3.80 

43.7 

3.42 

64.0 

6.8 

.722 

6.02 

20.0 

6.16 

27.3 

4.52 

35.6 

4.01 

46.0 

361 

66.6 

7.0 

.786 

6.36 

20.6 

5.46 

28.0 

4.77 

36.6 

4.24 

464 

3.81 

67.2 

Vel- 
bead  in 
Feet. 

Diam.  In  Inehei. 

Vel.  in 
Feet 

Prbead 
Ft  per 

100  ft. 

B 

7 

8 

Frbead 
Ft  per 
100ft. 

9 

Cob  ft 
perMin 

10 

perSee. 

Calk  ft 
per  MID 

Ft bead 
Ft  per 
100^. 

Cub  ft 
perMin 

Frbead 
Ft  per 
100  ft. 

Cabn 
perMin 

Frbead 
Klper 
100ft. 

Cabn 
perMiQ 

2.0 

.062 

.329 

23.5 

.282 

32.0 

.247 

41.9 

.220 

63.0 

.198 

65.4 

2.2 

.075 

.390 

25.9 

.834 

85.3 

.293. 

46.1 

.260 

68.3 

.234 

72.0 

2.4 

.090 

.456 

28.2 

.390 

38.5 

.342 

60.2 

.304 

63.6 

J273 

78.5 

2.6 

.105- 

.526 

30.6 

.450 

41.7 

.394 

54.4 

.350 

68.9 

.315 

85.1 

2.8 

.122 

.600 

32.9 

.514 

449 

.450 

68.6 

.400 

74.2 

.360 

91.6 

30 

.140 

.679 

35.3 

.682 

48.1 

.609 

62.8 

.463 

79.5 

.407 

98.2 

3.2 

.160 

.763 

37.7 

.654 

61.3 

A72 

67.0 

.608 

84.8 

.458 

106 

3.4 

.180 

.851 

400 

.729 

64.5 

.638 

71.2 

.567 

90.1 

.510 

111 

8.6 

.202 

.943 

42.4 

.808 

67.7 

.707 

75.4 

.629 

95.4 

.666 

118 

3.8 

.226 

1.04 

44.7 

.892 

60.9 

.780 

79.6 

.693 

101 

.624 

124 

4.0 

.260 

1.14 

47.1 

.979 

64.1 

.866 

83.7 

.761 

106 

.685 

131 

4.2 

.275 

1.25 

49.5 

1.07 

67.3 

.936 

87.9 

.832 

111 

.748 

137 

4.4 

.302 

1.35 

61.8 

1.16 

70.5 

i.oa 

92.1 

.905 

116 

.814 

144 

4.6 

.330 

1.47 

54.1 

1.26 

73.7 

1.10 

96.3 

.981 

122 

.883 

150 

4.8 

.S60 

1.59 

86.5 

1.36 

76.9 

1.19 

100 

1.06 

127 

.964 

157 

6.0 

.390 

1.71 

58  9 

1.47 

80.2 

1.28 

105 

1.14 

132 

1.03 

163 

6.2 

.422 

1.84 

61.2 

1.58 

83.3 

1.38 

109 

1.28 

138 

I.IO 

170 

6.4 

.465 

1.97 

63.6 

1.69 

86.6 

1.48 

113 

1.31 

143 

1.18 

177 

6.6 

.490 

2.11 

65.9 

1.81 

89.8 

1.58 

117 

1.40 

148 

1.26 

183 

&8 

.625 

2.25 

68.3 

1.93 

93.0 

1.68 

121 

160 

164 

1.35 

190 

6.0 

.662 

2130 

70.7 

206 

96.2 

1.79 

125 

1.59 

169 

1.43 

196 

6.2 

.600 

2.54 

73.0 

2.18 

99.4 

1.90 

180 

1.69 

164 

1.62 

203 

^ 

.640 

2.60 

76.4 

2.81 

102 

2.02 

134 

1.79 

169 

1.61 

200 

4U» 

,080 

186 

77.7 

2.44 

106 

2.14 

138 

1.90 

175 

1.71 

216 

6.8 

:?S^ 

ZJOfl 

2.68 

109 

2.26 

142 

2.91 

180 

1.81 

222 

7.0 

3.18 

2.72 

112 

2.38 

146 

2.12 

186 

1.90 

229 

Digitized  by  VjW^S 
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HYDKAULIC8. 


TABIiE  4H— (Oontinued.) 


Vel- 
head  in 
Feet. 

Diam.  in  Inchei 

* 

Vel.  In 
Feet 

11 

1 

2 

13 

1 

Frbead 
Ft  per 
100  ft. 

4 

15 

per  Sec. 

Frhead 
Piper 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
100^ 

Cub  ft 
perMin 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
per  Mia 

2.0 

.062 

.180 

79.2 

.165 

94.2 

.162 

110 

.141 

128 

.132 

147 

2.2 

.075 

.218 

87.1 

.196 

103 

.180 

121 

.167 

141 

.156 

162 

2.4 

.090 

.248 

96.0 

.228 

113 

J210 

133 

.195 

164 

.182 

176 

2.6 

.105 

.287 

103 

.263 

122 

.242 

144 

.225 

167 

.210 

101 

2.8 

.122 

.327 

111 

.300 

132 

.277 

166 

.257 

179 

.240 

206 

3.0 

.140 

.370 

119 

.339 

141 

.313 

166 

.291 

192 

.271 

221 

3.2 

.160 

.416 

127 

.381 

151 

.352 

177 

.327 

205 

.305 

235 

3.4 

.180 

.461 

184 

.426 

160 

.393 

188 

.366 

218 

.340 

250 

8.6 

.202 

.614 

142 

.472 

169 

.435 

199 

.404 

281 

.377 

266 

3.8 

.225 

.667 

150 

.5-20 

179 

.480 

210 

.446 

243 

.416 

280 

4.0 

.250 

.623 

158 

.571 

188 

.627 

221 

.489 

266 

.457 

294 

4.2 

.275 

.680 

166 

.624 

198 

.576 

•-ffl2 

.634 

269 

.499 

309 

4.4 

.302 

.740 

174 

.679 

207 

.626 

243 

.682 

282 

.543 

324 

4.6 

.330 

.803 

182 

.736 

217 

.679 

254 

.631 

295 

.589 

339 

4.8 

.360 

.867 

190 

.795 

226 

.734 

265 

.682 

308 

.636 

353 

6.0 

.890 

.936 

198 

.857 

235 

.791 

276 

.734 

821 

.685 

868 

5.2 

.422 

1.00 

206 

.920 

246 

.850 

287 

.789 

333 

.736 

383 

6.4 

.455 

1.07 

214 

.986 

254 

.910 

298 

.846 

346 

.789 

897 

6.6 

.490 

1.15 

222 

1.06 

264 

.973 

809 

.903 

359 

.843 

412 

5.8 

Ji25 

1.22 

229 

1.12 

273 

1.04 

321 

.964 

372 

.899 

427 

6.0 

.562 

1.30 

237 

1.19 

283 

1.10 

332 

1.02 

385 

.957 

442 

6.2 

.600 

1.38 

245 

1.27 

292 

1.17 

343 

1.09 

397 

1.01 

450 

6.4 

.640 

1.47 

253 

1.35 

301 

1.24 

364 

1.16 

410 

1.08 

471 

6.6 

..680 

1.56 

261 

1.42 

311 

1.31 

365 

1.22 

423 

1.14 

486 

6.8 

.72-2 

1.64 

269 

1.50 

320 

1.39 

376 

1.29 

436 

1.20 

600 

7.0 

.766 

1.78 

277 

1.59 

330 

1.46 

387 

1.36 

449 

1.27 

615 

Vel. 
bead  in 
Feet. 

Dlam.  in 

Inches. 

Vel.  in 
Feet 

16 

" 

1 

B 

19 

20 

Frhead 
Ft  per 

icon. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frhead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Frbead 
Ft  per 
100  ft. 

Onbft 
perMin 

FrheMi 
Ft  per 
100  ft. 

C«brt 
perMln 

2.0 

.062 

.123 

167 

.116 

189 

.110 

212 

.104 

236 

.099 

262 

2.2 

m& 

.146 

184 

.138 

208 

.180 

233 

.123 

260 

.117 

^ 

2.4 

.090 

.171 

201 

.161 

227 

.152 

254 

.144 

288 

.137 

814 

2.6 

.106 

.197 

218 

.185 

246 

.175 

275 

^66 

307 

.158 

840 

2.8 

.123 

.225 

234 

.212 

266 

.200 

297 

.189 

331 

M80 

366 

3.0 

.140^ 

.356 

261 

.240 

284 

.226 

318 

.214 

354 

.204 

893 

3.2 

.160 

.286 

268 

.269 

302 

.254 

339 

.241 

378 

.229 

419 

34 

.180 

.319 

284 

.300 

321 

.283 

360 

.269 

401 

.256 

446 

3.6 

.202 

.354 

301 

.333 

340 

.314 

882 

.298 

425 

.283 

471 

3.8 

.225 

.390 

318 

.367 

869 

.347 

403 

.328 

449 

.812 

497 

4.0 

.250 

.428 

836 

.403 

378 

.380 

424 

.360 

472 

.342 

623 

4.2 

.275 

.468 

862 

.440 

397 

.416 

445 

.394 

496 

.374 

550 

4.4 

.302 

.509 

868 

.479 

416 

Ab2 

466 

.420 

619 

.407 

676 

4.6 

.330 

.652 

886 

.519 

435 

.490 

48« 

.466 

543 

.441 

002 

4.8 

.360 

.596 

402 

.661 

464 

.630 

509 

.502 

667 

.477 

628 

5.0 

.390 

.642 

419 

.605 

473 

.571 

630 

.641 

690 

.614 

064 

5.2 

.422 

.690 

436 

.650 

492 

.614 

651 

.581 

614 

.662 

680 

6.4 

.455 

.740 

462 

.696 

611 

.657 

672 

.623 

638 

.592 

TOT 

5.6 

.490 

.791 

469 

.744 

529 

.703 

594 

.666 

661 

.632 

733 

58 

.626 

.843 

486 

.793 

548 

.749 

615 

.710 

685 

.674 

760 

6.0 

.662 

.897 

602 

.844 

667 

.798 

636 

.755 

709 

.718 

785 

6.2 

.600 

.953 

519 

.897 

666 

.847 

657 

.802 

732 

.762 

811 

64 

.640  , 

l.Ol 

530 

.961 

606 

.898 

678 

.861 

756 

.808 

B38 

6.6 

.080 

1.07 

653 

1.01 

624 

.960 

700 

.900 

780 

.856 

804 

6.8 

.722 

1.18 

669 

1.06 

643 

1.00 

721 

.951 

80S 

.904 

MS 

7.0 

.765' 

1.19 

586 

1.12 

662 

1.06 

742 

1.00 

827 

.983 

OM 
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TABLfi  4>^.  —  (Contiuaed.) 


Ve|. 

DUm.  in  loehM. 

Vel.lo 

22 

24 

26 

28 

30 

p«rS«c 

Feet. 

PrbMd 
Fipcr 
100  ft. 

Cub  ft 
perMtn 

Prhead 
Pt|wr 
100  ft. 

Cub  ft 
perMlQ 

Prbead 
Ft  per 
100  ft. 

Cub  ft 
perMin 

Prbead 
Ft  p«r 
100  ft. 

Cob  ft 
pernio 

FrbeMl 
Ft  per 
100  ft. 

Cub  ft 
per  Mia 

2.0 

.062 

.090 

316 

.082 

877 

.076 

442 

.070 

513 

.066 

589 

2.2 

.075 

.106 

348 

.097 

414 

.090 

486 

.083 

664 

.078 

648 

2.4 

.090 

.124 

380 

.114 

452 

.105 

531 

.097 

616 

.091 

707 

2.6 

.105 

.143 

412 

.131 

490 

.121 

575 

.112 

667 

.105 

766 

2.8 

.122 

.164 

443 

.150 

528 

.138 

619 

.128 

718 

.120 

824 

a.0 

.140 

.186 

476 

.170 

565 

.167 

663 

.145 

770 

.136 

883 

3.2 

.180 

.208 

507 

.191 

603 

.176 

708 

.168 

821 

.152 

942 

3.4 

.180 

.232 

538 

.213 

641 

.196 

752 

.182 

872 

.170 

1001 

3.6 

.202 

.257 

570 

.236 

678 

.218 

796 

.202 

923 

.189 

1060 

3.8 

.225 

.284 

601 

.260 

716 

.240 

840 

.223 

974 

.208 

1119 

4.0 

.250 

.311 

633 

.285 

754 

.263 

886 

.244 

1026 

.228 

1178 

4.2 

.275 

.340 

665 

.312 

791 

J28S 

929 

.267 

1077 

.249 

1237 

4.4 

.802 

.370 

697 

.339 

829 

.313 

973 

.290 

1129 

.271 

1296 

4.6 

.330 

.401 

7-28 

.368 

867 

.339 

1017 

.315 

1180 

.294 

1355 

4.8 

.380 

.434 

760 

.397 

Wtb 

.367 

1062 

.341 

1231 

.318 

1414 

5.0 

.390 

.467 

792 

.428 

942 

.395 

1106 

.367 

1283 

.343 

1472 

5.2 

.422 

.502 

8*23 

.460 

980 

.425 

1150 

.394 

1334 

.368 

1531 

5.4 

.455 

.538 

855 

.493 

1018 

.455 

1194 

.423 

13S5 

.394 

1590 

5.6 

.490 

.575 

887 

.527 

1055 

.486 

1239 

.452 

1437 

.422 

1649 

5.8 

.525 

.613 

918 

.562 

1093 

.519 

1283 

.482 

1488 

.450 

1708 

6.0 

.662 

.652 

950 

.596 

1131 

.552 

1327 

.513 

1539 

.478 

1767 

6.2 

.600 

.693 

982 

.635 

1168 

.586 

1371 

.544 

1590 

.608 

1826 

6.4 

.640 

.735 

1013 

.673 

1206 

.622 

1416 

.677 

1642 

i«9 

1885 

6.6 

.080 

.778 

10  i6 

.713 

1244 

.658 

1460 

.611 

1693 

.670 

1943 

6.H 

.722 

.821 

1077 

.753 

1282 

.695 

1504 

.645 

1744 

.602 

2003 

7.0 

.765 

.867 

1109 

.794 

1319 

.733 

1548 

.681 

1796 

.635 

2061 

TABLE  5.    or  flfltli  rooto  and  flfltli  powers. 


^ 

.0000100 

.1 

4)000110 

.101 

.00001  n 

.104 

.0000134 

.108 

M00\47 

.108 

.0000181 

.110 

.0000176 

.113 

.000019!) 

.114 

.0000-210 

.116 

.oooowo 

.118 

.0II0O349 

.130 

.0000370 

.m 

.0000293 

.134 

.0000318 

.138 

.0000044 

.1-28 

.0000371 

.180 

.0U0O4O1 

.133 

.9mm 

.134 

.138 

Mmoo 

.138 

.0000638 

.140 

MWS77 

.143 

.0000819 

AH 

.000080 

.148 

.0000710 

.148 

.0000764 

.UO 

.0000016 

.166 

MMi 

.180 

jomu 

.186 

.000143 
.000164 
.000189 
.000217 
.000248 
.000283 
.000320 
.000363 
000408 
.000439 
.000515 
.000577 
.000644 
.000717 
000796 


.000977 
.001078 
.001188 
.001307 
.001435 
.001573 
.001721 
.001880 
.002051 
.002334 
003430 


.003863 
,003101 


Power. 

No.  or 
Root. 

Power. 

No.  or 
Root. 

Power. 

N 
B 

.170 

.004219 

.335 

.077760 

.60 

.695688 

.173 

.004544 

.340 

.064460 

.61 

.733904 

.180 

.004888 

.845 

.091613 

.62 

.773781 

.185 

.003252 

.830 

.099244 

.83 

.815373 

.190 

.003638 

.335 

.107374 

.64 

.858734 

.195 

.006047 

.360 

.1160-29 

.65 

.903921 

.300 

.006478 

.365 

.1-25233 

.66 

.950990 

.205 

.006934 

.370 

.135012 

.67 

1 

.210 

.007416 

.375 

.145393 

.68 

l!'"'"S 

1 

.215 

.007924 

.380 

,156403 

.69 

1 

.220 

.008459 

.885 

.168070 

.70 

1 

.325 

.009022 

.390 

.180423 

.71 

1 

.730 

.009616 

..S95 

.193492 

.72 

1 

.235 

.010240 

.400 

.207307 

.73 

1 

.240 

.011586 

.41 

.221901 

.74 

1 

.245 

.013069 

.42 

.237.305 

.76 

1 

.250 

.014701 

.43 

.253553 

.76 

1 

.255 

.016492 

.44 

.270678 

.77 

1. 

.260 

.01845.3 

.45 

.288717 

.78 

1 

.265 

.020596 

.46 

.307706 

.79 

1. 

.270 

.022935 

.47 

.327680 

.80 

1. 

.275 

•025480 

.48 

..348678 

.81 

1. 

.280 

.028248 

.49 

.370740 

.82 

1. 

.285 

.031250 

.50 

.393904 

.83 

1. 

.290 

.084503 

.61 

.418212 

.84 

1. 

.295 

.088020 

.62 

.443705 

.85 

1. 

.300 

.041820 

.53 

.470427 

.86 

1. 

.805 

.045917 

.54 

.498421 

.87 

1. 

.310 

.050328 

M 

.5-27732 

.88 

1. 

.315 

.05.')n73 

.66 

.558406 

.89 

1. 

.3-20 

.080109 

.57 

.!Sfl0490 

.90 

6!^«.o.l 

1. 

..32ft 

.owmfi 

.58 

.fi240:)2 

.91 

7.10082 

1 

.330 

.071492 

.59 

.659082 

.92 

7.59375 

1. 

.93 

58 

.94 

n 

.96 

M 

.96 

>8 

.97 

.98 

.99 

1.02 

.04 

.06 

.08 

.10 

.12 

.14 

.16 

.18 

.20 

.22 

.24 

.26 

.28 

.30 

.32 

.34 

.86 

J           1 

.38 

.40 

.42 

j           ( 

.44 

i...,,.^ 

.46 

64.3634 

.48 

71.6703 

.50 

79.6262 

1.63 
1.54 
1.68 
1.68 
1.60 
1.62 
1.64 
1.68 
1.68 
l.TO 
1.72 
1.74 
1  76 
1.78 
1.80 
1.82 
1.84 
1.86 
1.88 
1.90 
1.92 
1.94 
1.96 
1.98 
2.00 
2.03 
2.10 
2.15 
2.20 
2. '26 
2.30 
2.85 
2.40 
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TABI<£  C*    Crf  the  sqaare  rooto  mt  the  flfltli  powers  of  ii«ni^ 

bet*.    In  this  table  the  uumbecg  and  the  ruots  are  soppotietf  tu  be  in  the  Muue  <!{• 
■ensiona ;  that  ia,  boUi  in  inolM*,  or  both  iu  r«et.  *o.    8«e  the  uexi  tabU. 


Ha 

of'olh 

No. 

^'sth 

No. 

^*6lh" 

No. 

^■Si 

No. 

"SSI: 

No. 

'sSi 

Power. 

Power. 

Power. 

Power. 

Power. 

Power. 

.25 

.031 

7. 

129.64 

17.5 

1281.1 

31. 

6351 

49 

16807 

76 

&0S54 

A 

.177 

7.25 

141.53 

18. 

1374.6 

81.6 

6569 

50 

17678 

77 

62027 

.75 

.485 

7.5 

154.05 

18.5 

1472.1 

32. 

5793 

51 

18676 

78 

68733 

1, 

1. 

7.75 

167.21 

19. 

I57S.6 

82.6 

6022 

53 

19499 

79 

65471 

l.» 

1.747 

8. 

181.02 

19.5 

1679.1 

88. 

6256 

58 

30460 

80 

67243 

U 

%19» 

tf 

195.50 

20. 

1788.9 

83.5 

6496 

54 

31438 

81 

sss 

1.75 

4.051 

310.64 

»A 

I90t.8 

84. 

6T«1 

A 

8486 

8* 

1 

5.657 

8.75 

226.48 

21. 

9020.9 

34.5 

6991 

a* 

3M68 

86 

63766 

2.16 

T.5W 

». 

t*$. 

21.5 

3141.4 

85. 

7»47 

57 

M52» 

M 

iSR 

15 

»,m 

9.25 

fSilT 

23. 

2270.2 

85.5 

T509 

58 

36680 

86 

ITS 

12.541 

9.5 

22.6 

3401.4 

86. 

T776 

59 

J8788 

86 

68688 

1 

15588 

9.75 

296.83 

23. 

2537. 

36.5 

8049 

69 

97866 

87 

106M 

a.S5 

1».042 

10. 

816.23 

23.5 

3677.1 

37. 

8327 

61  . 

39063 

88 

T86A8 

95 

22  918 

10.5 

857.2 

24. 

2821.8 

37.5 

8611 

63 

80368 

86 

74797 

J.T5 

27  332 

11. 

401.8 

24.5 

3971.1 

38. 

8901 

68 

81503 

90 

76848 

*. 

82. 

11.5 

448.5 

25. 

8125. 

38.5 

9197 

64 

83768 

91 

78096 

4.SS 

t7.>4 

IS. 

498.8 

254 

82836 

39. 

•418 

65 

um 

93 

81184 

4.5 

4X.9< 

12.5 

562.4 

26. 

8446.» 

39.5 

9806 

66 

85388 

» 

83406 

4.75 

49.17 

13. 

60i».3 

26.5 

8615.1 

40. 

10119 

67 

86744 

94 

8S668 

6. 

55.90 

18.5 

M9.i 

27. 

8188. 

41, 

|tS4 

68 

88181 

96 

87966 

5.35 

63.15 

14. 

733.4 

27.5 

30^.8 

43. 

1 1481 

66 

89548 

96 

901298 

5.5 

70.94 

14  6 

800.6 

28. 

4148.5 

43. 

12125 

70 

40996 

97 

•2668 

5.75 

79  J8 

15. 

871.4 

28.5 

4386.2 

44. 

I1M2 

71 

42476 

96 

96075 

1. 

88.18 

15.5 

945.9 

29. 

4528.9 

46. 

13584 

72 

4.1986 

99 

975l» 

«.» 

97.66 

1«. 

1024. 

29.5 

4726  7 

46. 

14351 

78 

45531 

100 

100000 

1.5 

107.72 

16.5 

1105.9 

30. 

4929.5 

47. 

15144 

74 

47166 

1.75 

118.38 

17. 

1191.6 

3D.5 

5188. 

4a 

15963 

75 

48714 

TABIiK  6^    Nomben,  in  inchee.    Square  roote  of  fifth  powen,  la  feet. 


84trBt.or 
StJiPow. 

8q.  Bt  of 
Stk  Pow. 

Sq.  Bt.  ol 
6tll  Pow. 

Sq.  Bt.  of 
6th  Pow. 

Rq.  Bt.  or 

6Ul  Pow. 

laa. 

Feet. 

laa. 

Feet. 

In*. 

Feet. 

Id*. 

Feet. 

In*. 

Feet. 

SI 

.00006 

^H 

.0547 

12. 

1.000 

22X 

4.818 

43 

32.93 

.00017 

4. 

.0641 

H 

1.108 

28 

5.066 

43 

24.81 

M 

.00035 

.0731 

13. 

1.221 

H 

6.365 

44 

95.74 

.00062 

.0827 

H 

1.842 

84 

6.657 

45 

37.28 

^ 

.00008 

H 

.0071 

14. 

1.470 

25 

6.264 

46 

38.77 

u 

.00144 

5. 

.1120 

H 

1.605 

26 

6.909 

47 

80.86 

1. 

.0020 

iJ 

.1271 

15. 

1.747 

27 

7.503 

48 

83.00 

H 

.0027 

.1428 

H 

1.896 

28 

8.316 

49 

88.69 

H 

.0035 

H 

.1590 

16. 

2.053 

•29 

9.079 

50 

85.44 

.0044 

6. 

.1768 

a 

2.217 

.no 

9.882 

51 

87.25 

H 

.0055 

H 

.2160 

n? 

2.389 

81 

10.78 

52 

89.18 

.0067 

7. 

.3599 

H 

3.567 

S3 

11.61 

53 

41.03 

^ 

.0081 

H 

.8088 

18. 

2.756 

38 

12.54 

54 

42.96 

j^ 

.0096 

8. 

.8628 

a 

3.950 

.H4 

13.61 

65 

44.97 

i. 

.0118 

H 

.4228 

19. 

S.1.55 

85 

14.53 

56 

47.05 

3 

.0163 

9. 

.4871 

a 

3.365 

86 

15.S9 

57 

49.17 

.0198 

H 

.5577 

10? 

8.586 

37 

16.69 

58 

61  ..15 

H 

.0253 

10. 

.6339 

H 

8.813 

38 

17.84 

69 

53  60 

s. 

.0318 

H 

.7163 

31. 

4.051 

89 

19.04 

60 

5.1.90 

^ 

.0388 

11. 

.8043 

H 

4.297 

40 

30  » 

61 

68.27 

.0459 

H 

.8990 

22. 

4.551 

41 

21.68 
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254  HYDBAULICS- 

Art.  4  a»   To  And  the  diseliaripe  tliroiiirh  a  eompomid  pipe 

•ff  o.  Fig  1  H,  coinp()8o(l  of  any  imiuber  of  piped,  <i,  by  t;  s,  of  dttfereMt  diam- 
eters,  which  decrease  from  the  reserroir  toward  the  outflow  o. 


^    . 

H 


Flg.lH 

First  find  what  part  of  the  total  head  H  is  employed  in  forcing  the  water  through 
ihe  laat  pipe  4  cUonty  thu« : 

Let  L  a,  L  ^  L  e,  and  L  e,  be  the  lengtlts.in  ft  of  the  pipes  a,  5,  c,  and  x,  respectively  ; 
D  a,  I)  6,  D  c,  and  D  z  their  diameters  in  ft ;  and  A  a,  A  b,  A  e,  and  A  x  the  areas  of 
their  cross  sections  in  sq  ft.    Then 

The  head  Id  \ 
ft     employed  / 

InrorciDgthe  ( The  total  head  H  In  feet 

waterthrough  f  ~        f  AzaXDjr  /La+(54Xpa)        L6-K54XD 6)    .    Le+(54XDe)\ T 

?alon"'  **^^  )         "*■  LLHKSixul)  ^   U  •«  X  D  •  +  ^AftFx-DT  +     A  C  X  Dc  j  J 

However  many  divisions  the  pipe  may  have,  proceed  in  the  same  way  as  above,  using 

Area<  X  IMam       ,      ^.      ,    .  ^  j-  •  i  ^   Length  +  64  Diams 

= ^.    ,  ,.^. for  the  la^  or  narrowest  division:   and   -^~—^- — ^r:^ 

Length  +  54  Diams  *  Area*  X  Diam 

for  each  of  the  nthers. 

Then,  by  the  fonnulte.  Art.  2,  find  the  velocity  in  ft  per  second,  and  discharge  in 
cub  ft  per  second,  of  the  last  pipe  «,  using  its  actusl  diameter,  length,  and  cross 
sectional  area,  and  the  head  Just  found.  Said  discharge  is  evidently  the  discharge 
for  the  componnd  pipe. 

For  the  velocity  in  any  portion^  as  h,  say 

area  of  cross  section    .    area  of  cross    ,  ,    velocity    ,    velocity  in  the 
of  the  given  portion    •     section  of  s      •  •       in «        •    given  portion. 

For  the  above  rule  and  formula,  we  are  indebted  to  Mr.  Howard  Murphy,  C  K, 
of  Phila;  and  for  the  opportunity  of  testing  it  experimentally,  to  Messrs  Morris, 
Tasker  k  Co,  Limited,  Pascal  Iron  Works,  Phihidelphia. 
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Art.  n.  On  tli«  renlAtanre  wlileh  «firT«4  b«»4fi  mpwm^  !«  ili« 
flew  of  water  tliroaff h  roond  pipes.    W«ll-rouiided  bendt  of  larg*  nd, 

wbether  ven  or  kor.  pr«daoe  bot  Ultl*  r«sUUao« ;  tsstpt  m  IB 

feras  the  first  majr  e»use  aoeamolationa  of  Mdiment.  or  of 

air.     Aeoordiof  to  WeUbaok.  tM  ralas  of  DaBuat.  Navier, 

aad  other  aatberities.  are  enooeoas :  and  be  girtt  the  fbllew* 

lof  one  for  aaoeruioiug  the  additional  head  reqd  to  ovrrooaie 

the  reslstMiee  produoed  In  a  cirealar  pipe,  bjr  a  bead  formed 

by  an  are  of  a  circle :  Euowiofc  the  rad  r  «  of  the  pipe,  (or.  In 

other  words,  half  its  dlam.)  iu  feet:  the  rad  r«,  of  the  azU 

mo  of  the  bend,  in  feet:  tbe  oeutral  angle  r«e  In  de(ri>eM: 

(which  is  equal  to  the  aogle  d  hx,  or  eka,)  and  tbe  reqd  vei 

of  tbe  water  in  the  pipe.  In  h  per  see. 

Rn I e.  Diy  the  central  angle rsoln  deg,  by  180. 
Call  tbe  qaot  •.  Next,  sqoare  tbe  reqd  reL  Dir  tbU  sq  bj 
tbe  constant  number  tiA.  Call  tbe  quot  6.  Dir  tbe  inner  rad 
re  of  the  pipe,  in  fl,  by  tbe  rad  r«  of  tbe  axis  tmo  of  tbe 
beud.  in  ft.  Call  tbe  qnot «.  Take  from  tbe  folio  wing  Table 
7.  tbe  number  In  column  d,  wbioh  oorrespoadH  to  c ;  (unless 

cbe  l«s«  than  .1.  in  wbteh  ease  always  Uke  .IS  as  d.)  Finally,  malt  tegetber  Ibis  •nabor  d,  tbe 
quot  a,  and  tbe  quot  b.  Tbe  prod  will  be  tbe  reqd  bead  tn  feet ;  which  must  either  be  added  to  the 
bead  prevlottsly  calculated  fbr  tbe  straight  pipe.  If  tbe  original  rel  is  required  to  be  maiotsintd ;  or 
must  be  subtracted  from  it.  in  ease  the  bead  does  not  admit  of  increase,  and  a  new  oalenlatlon  made 
to  ascertain  tbe  diminished  vel  under  the  bead  thus  reduced.  If  there  Is  more  than  one  bend  of  the 
same  dimensions,  an  eqnal  alteration  of  head  must  be  made  fbr  each  ;  or.  If  they  are  of  diff  radii, 
and  with  ditr  central  angles  r  s  e.  a  separate  ealealation  must  be  mad*  for  eaab.  Beaale's  cap«rl> 
meats,  at  tbe  end  of  tkis  Art.  seem  to  prore  that  this  h  bt  no  means  tbe  ease  So  far  as  tbe  writer 
is  aware,  we  have  no  reliable  data  for  ealeolatiag  tbe  •fltets  of  a  sneeessiea  of  beads. 

In  Ahape  of  a  formnla,  Welnbaeli**  rale  stands  thus  t  R  being 

the  rad  of  tbe  axis  of  tbe  bend,  and  r  tbe  rad  of  tbe  pipe : 

square  of  vel      etntral  angle 
1  X  in  fl  per  s^   ^     In  degreee 
1.4  180. 

When  tbe  rad  of  tbe  bend  eseeads  6  diama 


Additional  «  «,  .  ,  g,-  (r  In  ft\  J  , 
bead  in  feet  -  •»«  +  »•»'  ^fiSft j      ^ 


The  expTBBaion  ^  meant  the  aq  root  of  tbe  Ttb  power, 
artbe  pipe,  then  1.84T  (^)i  beeoaMs  tnappreelable  in  praetkse,  and  may  be  oaritlsd  Arom  the  Ibt' 
■mla.    Whan  tbe  pipe  la  aqnara,  lnstea4  of  clrBular,  the  fonaala  beeamts 


Additional  hand  =  .m  +  S.IOi  (^l  X 


▼el«       central  angle 
cTi  ^180. 


TABLE  7. 


e. 

d. 

c    • 

d. 

c. 

d. 

e. 

d. 

e. 

d. 

.1 

.131 

.325 

.17 

.6 

.29 

.«76 

M 

.85 

1.18 

.15 

.136 

.35 

.18 

.535 

M 

.7 

M 

.876 

1.29 

.J 

.138 

.375 

.196 

.66 

.36 

.726 

.78 

.9 

1.41 

.2-25 

.145 

.4 

.aoe 

.675 

.89 

.75 

.80 

•  .995 

1.54 

.26 

.16 

.42* 

.t26 

.i 

.44 

.775 

.88 

.96 

'2 

.875 

.155 

.46 

.94 

.635 

.49 

.8 

.98 

.975 

1.iB 

.S 

.16 

.475 

.264 

.66 

.64 

J» 

1.96 

1. 

t. 

Ex.  A  straight  pipe  1  mile  long,  and  18  Ins  dlam,  with  a  toUl  bead  of  90  ft,  will  disch  wstar  with 
a  rel  of  4  ft  per  fee;  but  it  has  been  found  necessary  to  introduce  a  eironlsr  bend  of  90^;  with  a  rad 
tr.  Pig  2.  of  5  feet.  What  addiUoa  mn*t  be  made  to  the  20  ft  bead,  to  oempensate  for  tbe  additional 
resistance  caused  br  tbe  band ;  so  that  the  reqd  rel  of  4  ft  per  see  may  stiU  be  mainlaloed? 

Here,  90O  <f  180  =  .6  =  a.  Kext,  the  square  of  the  reqd  rel  In  rt  per  sec,  Is  4  X  4  =  16.  And  16 -f 
<4.4  =  .2484  =  6.  Tbo  rad  r  •  of  tlm  piM  (.76  ft).  dW  by  Mm  rad  r  «  of  Me  band  (»  ft),  =:  .76 -r  6  =  15 
=  e ;  and  opposite  this  .11  in  tbe  oolamn  e  of  tbe  foregoing  table,  we  find  d  =  .136.  Pibally. 
aXbX<i  =  5X  -2484  X  .135  =  .0168  ft,  or  about  one-fifth  inch  only,  tbe  addUioaal  bead  reqd.  See 
next  table.  No.  8. 

Dn  Bnat^  mle  for  tlie  additional  head  reqnired  to  over- 
eeme  tlie  resistflinee  of  eirenlar  bends  in  water  pipes.   HaTinfc 

dlam  of  p'       ■     "        --•••-  _.    ^         ,     .  .    ^  ^,  — 


rsec    Direr,  F% 


r  pipe,  in  ft :  rad  of  bend,  in  ft,  oentral  angle  w  «  o.  Fig-2 ;  and  vel  in  ft  per  set.  _ .  ... 
2.  or  %alf  tbe  dlam  of  tbe  pipe,  by  th«  rad  s  «e  of  the  outar  side  of  the  bend.  Tbe  quot  will  be  tbe 
Bat  versed  steaof  1>«  Bna(ft  anjrlS  Of  rellMKiOiS.  Take  this  versed  sine  from  unity,  or 
1.  Tbe  Bern  will  be  the  nu  cosine  of  the  same  «n^  From  ttm  Table  of  Nat  Sin  and  Tang,  take 
both  the  angle  and  tbe  nat  sine  corresponding  to  this  nat  cosine.  Call  the  angle  H.  Also,  square  the 
Bst  sine,  and  call  this  square  S.  Take  the  angle  w  s  e  from  180O.  DIv  tbe  rem  by  (w<ee  the  angle  B 
of  reflexion  Just  found.  Call  the  qnot  T.  Finally,  mult  together  the  constant  dec  .00375,  the  square 
•f  tbe  Td  in  ft  per  sac,  tbe  quot  T,  and  the  square  S.    Tbe  prod  will  be  (he  reqd  extra  head  In  feet. 
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^-  .  The  same  •»  the.forwolng  one  for  \rei8|>Mh'»  rule  j  that  in,  m  plw  of  1«  ln»^r  1^  ftdiaint 
rtidi  to  of  otie«r  »Me  of  bend,  6  75  ft ;  r«\  4  ft  per  aec.    What  extra  h*ad  will  r 


Ex. 


;  vel  4  ft  per  aec. 
order  that  tbia  vel  m%j  not  be  dimintiibed  T 
.75. 


t  require,  In 


And  1  —  .18043  =  .88957  =  nat  eo«  of 


I.  oppmdte  the  nat  oo«  .80»67.  the  angle  B  =r 
=  .M37  =  S.    Again,  1800  —  900  =  900     And 


same  angle.    In  the  Table  of  Nat  bin.  fto,  we  fln 

390  »' ;  and  ttR  nat  ilne  .4937.    The  aqinre  of  .4037  : 

*?!_  =  ^  "'^°  =  1.52,  or  T.    PInaUj,  tha  Mqnare  of  the  »el  U  16 :  henoe,  we  hay«  .00875  X 
693  10*  8550  mtn 

If.  X  1  52  X  .2487  =  .0*«  ft.  the  reqd  extra  head;  or  about  }4  of  en  Inoh.  Welsbaoh**  mle  k«t« 
.0168  ft,  or  about  one-fifth  of  an  inch.  Hence  we  Me  that  the  resistance  produced  bj  well-roatidad 
bends  le  not  great. 

When  tlie  rad  r  s,  Fip:  2,  of  tlie  benA,  is  less 
than  about  two  dlams  of  the  pipe,  which  will  rarely  hap-^ 
peu.  the  resistance  to  the  How  of  the  water  iuereasee  very  rapidly ;  while,  oa 
the  other  hand,  by  Weisbaeh'H  rule,  as  we  understand  it,  nu  advantage  ap- 
pears  to  be  gained  by  using  a  rad  greater  than  5  diams  of  the  pipe.*  EmploT- 
ing  Weisbach's  forninla.  the  writer  ha8  drawn  up  the  following  table  of  heada 
reqd  to  overcome  the  resistanoe  of  one  bend  of  90°.  for  diff  vels  in  ft  per  see ; 
and  for  anv  dtam  whatever.  This  table  extends  from  a  rad  of  5  diams  down 
to  one  of  H  diam ;  which  it  the  smallest  possible,  inatmach  as  it  leada  to  a 
bend  like  Fig  3. 

A  vel  of  1*2  rt  per  sec  is  equal  to  8.18  miles  per  hour;  one  which  will  rarely 
ooeor,  inasmuch  as  it  requires  a  head  of  about  330  feet  per  mile. 

TABfJB  8.    Reads  reqoired  to  overeonse  the  resistance  in 
eircalar  i»en<ls  of  90<^.    Original. 


Fiar.8. 


Bad  =  5  diams  of 
(he  pipe. 

IfW 
.001 

.OOA 

.000 

Veloo 
4rt. 

.01ft 

ityin 
50. 

ABB 

.035 

feet  ] 
.ft. 

tNFl 

.006 

;>er8e 

^' 

BKP. 
.060 

lOondL 
.666 

"^1 

.083 

10  ft. 
.161 

13  ft. 
.145 

Bad  =  3     diaau... 

.001 

.004 

.010 

.017 

.037 
.019 

.038 

.063 

.060 

.066 

.106 

.163 

Bad  =  3     dianu... 

.001 

.006 

.oil 

.019 

.013 

.067 

.074 

.004 

.116 

.167 

BadnlJ^  diams... 

.001 

.005 

.812 

.0^ 

.033 

.048 

.066 

jm 

.106 

.134 

.193 

Bad  =  1^  diam... 

.003 

.007 

.015 

.026 

.041 

.050 

.060 

.104 

.132 

.163 

.366 

Bad=:l     diam... 

.003 

.000 

.030 

.036 

.056 

.081 

.110 

.144 

.183 

.336 

.334 

Bad=    «diam... 

.005 

.018 

.041 

.072 

.113 

.163 

.331 

.288 

.366 

.460 

.64« 

Bad=    Hdiam... 

.010 

.063 

.140 

.248 

.388 

.569 

.761 

.994 

1.36 

1.66 

8.34 

If  the  eentriil  anirie  rao,  FIff  S,  shonid  be  either  greater,  or 
lens  than  90°«  (alien  the  heads  given  in  the  t4ble,  must  be  increased,  or  dimin- 
iiihed  directly  in  the. same  proportion. 


Experiments  by  Rennle,  with  a  pipe  15  ft  long;  and  l^  inch  bore ;  with 
4  tt  head,  gare  tlie  following  disch  In  cub  ft  per  sec : 


Straight 00690enbft. 

15  semVoiroular  benita 00617     '* 


One  beiid  at  right  ancles  n 
34  bendi  at  right  angles.. . 


.00566 
.00253 


The. mean  0fwmnmy  cai^fMl  experiments  tried  at  Uverpool, 
KnirlAud,  with  a  leaden  pipe,  75  ft  long,  %  inch  bore,  under  8  ft  head,  gave  the 
following  namber  of  sees  to  discharge  one  gallon  of  water : 

-    » lf# b^ASslSsAi'  dtabliHfgte  «fta  .'.*.  «3S5  ^  j  4  yeftlfial  bends  near  supSB  end!!^  84UI0  " 

3harbea«a«Mrsapptyeo4..^....61iiO   **    | 
The  rad  of  the  bends  is  not  8t«ta4.    See  Xinates  Trans  Inst  Olr  KnCt  ▼«!  IS.  page  601. 

o^  On.iineMi*  or  aofrntor  bends  In  water 

pipes,  Fi|r  4.     The  bends  in  lines  of  water  pipee 

|;b^....~.»..M~(l  ahnnM  always  (hrra  eIrenUr  arox;  hecsnue  knees  create  a  mnch 

greater  resistance.    According  to  WeiKbach,  the  head  in  ft  reqd  to 

overonme  the  additional  resistance  caused  by  a  knee  in  a  roand 

f       p«pe  is  as  fbllows : 

'  Additional  ^  Sq  of  vel  in  ft  per  see 


nar.4. 


head  in  ft 


64.4 


■  X  constant  to  fbllowtng 


table  opposite  the  angle  of  deflection,  a  «  e.  or  4  «/,f  Fig  4. 


•  Notwithstanding  this,  we  advise  to  use  as  many  more  than  5  as  can  conveniently  be  done. 
t  The  oonsteni  for  any  angle  of  def.  is  equal  to  .946  times  the  sqnare  of  the  nai  sine  of  half  th» 
angle  of  def;  X  2.06  times  the  4th  power  of  t" 


h  power  of  the  same  sine. 
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TABUB  9. 


▲dr.  of 

Ang.of 

Aog-  of 

Den 

GooaUot 

Def. 

Coastaat. 

Def. 

Ooiuitaat. 

iuUegs. 

inD«g. 

toDeg*. 

140° 

2.431 

10° 

.533 

250 

.049 

130 

2.158 

60 

.364 

20 

.030 

120 

1.861 

50 

.234 

15 

.016 

110 

1.656 

40 

.139 

10 

.007 

100 

1.260 

SS 

.102 

5 

.002 

90 

.984 

90 

.073 

80 

.740 

Fiar.5. 


Constanta  intermediate  of  these  in  the  table  may  be  obtained  near  enongh  by  simple  proportioD. 

The  difiMsli  is  dtmlnislied  by  swelling^,  or  enlaifr^vn^nte  in  pipes. 

aa  well  aa  by  contractions,  bends,  and  -knees ;  on  aeeeant  of  the  eddies  which  thej  prodaoe,  4c. 

Art.  6.  Inasmuch  as  the  pres  of  quiet  water  against,  and  perp  to,  any  given 
%urr.  is  (other  things  bdog  equal)  in  proportion  to  the  vert  height  of  the  water  above  the  cen  of  grsT 
If  the  pressed  surf,  (see  Art  1,  HjdroHtatics,)  it  follows  that  in  two  pipes  of  the  same  diams,  as  •  ^ 
tnd  c  fc.  Fig  5,  the  pres  against,  and  at  right 
angles  to.  the  equal  bases,  m  n  of  the  vert  pipe, 
aod  op  of  the  inclined  one.  are  eqoal ;  because 
(he  Tert  Iteighu,  a  b  and  hg,  of  the  water  above 
the  cen  of  grav  a  and  c,  of  the  equal  bases,  are 
equal  in  the  two  pipes.  If  the  base  of  the  inclined 
pipe  be  eat  so  that  (y  becomes  ttie  base,  then  the 
base  is  no  longer  a  circle,  bat  an  ellipse ;  the 
area  of  which  will  always  be  greater  than  that 
of  the  circular  one ;  and  since  the  vert  height  h  g 
remains  unchanged,  the  pres  against  the  base  (y, 
and  perp  ^  it.  will  be  greater  than  that  against 
op,  in  the  same  proportion  as  the  two  areas. 

The  npright  pipe  may  be  but  1  ft  long :  and  the 
Inclined  one  1  mile,  or  10  mites  long,  still  the  pres 
at  the  base  m  n  will  be  the  same  as  that  at  the 
baseoji,  so  long  hit  the  vert  height  a  5  is  equal  to 
the  vert  height  gh.  The  greater  weight  of  the  water  In  e  ^  does  not  Increase  the  pre*  at  its  lower  end 
op ;  said  weight  being  sustained  by  the  under  pan  p«o  ofthe  inclined  pipe. 

If,  therefore,  two  steam  pumps,  witu  plnnt^ers  of  equal  diameter,  were 
enipjoyed  ;  one  to  force  the  water  up  the  one  foot  long  vertical  pipe,  and  the 
other  to  force  it  up  the  ten  miles  of  inclined  pipe;  both  engines  would  have  to 
exert  the  same  force  to  balance  their  respective  columns  of  water ;  i  e,  to  uphold 
them.  In  other  words,  the  static  pressure  of  the  water  is  the  same  in  both  cases; 
being  equal  to  the  weight  of  a  cylindrical  columu  of  water  of  the  same  diameter 
as  the  plunger*  and  as  long  as  the  v&^ical  stretch,  a  b  or  gh,  of  the  pipes. 

But  in  onier  to  move  the  water  in  either  pipe  at  a  given  velocity,  an  additional 
force  is  required,  equal  to  the  weight  of  a  cylindrical  column  of  water,  the 
diameter  of  which  is  equal  to  that  of  the  ptanger^  and  the  length  of  which  is 
equal  to  the  total  head  (calculated  by  Art  3,  p  248)  required  to  force  water  at 
the  given  velocity  througn  a  pipe  of  the  given  dimensions.  The  wei^htof  this 
second  column  is  the  pressure,  or  tmrfu'e/orce,  necessary  to  give  the  required  veloc- 
ity to  the  water,  to  overcome  its  friction  in  the  pipe,  and  to  put  water  into  tlie 
pipf>  at  its  lower  end  as  fast  as  it  passes  out  at  the  upper  end.    See  Art  1  a,  p  237. 

The  total  force,  or  total  steam  pressure  required  in  the  cylinder,  is  the  sum  of 
these  two  pressures  ;  namely,  of  the  static  pressure  and  the  motive  force. 

In  the  foregoing  we  have  assumed  that  the  resistance  to  entry  is  only  such  as 
would  be  eiioouniered  by  water  when  forced  by  any  means  from  a  reservoir  into 
the  open  end  of  an  ordinary  pipe ;  so  that  the  "  entry  head  "  may  be  taken  as 
equal  to  about  >^  the  velocity  head.  In  practice,  a  much  greater  resistance  to 
entry  is  ottered  by  valves,  by  sudden  bends  in  pipes  leading  to  and  from  air 
chambers,  etc.  Still,  in  most  cases  the  entry  head,  even  as  thus  increased,  is 
but  trifling  iu  comparison  with  the  total  head. 

Are.  7.  Tlie  flo#  of  water  tbrottfrU  sinall  orifices  In  the 
•Ides  or  bottom  of  a  very  lairgre  vessel.  Theoretically,  the  vel  with 
vhieh  water  should  flow  through  such  an  opening,  is  equal  to  that  which  would 
be  acquired  by  a  heavy  bodv  falling  freely  through  a  height  equal  to  the  head, 
or  depth  of  vater,  measured  vert  from  the  level  surf  of  the  water  in  the  reser- 
voir, to  the  teiUer  of  the  opening;  or,  more  correctly,  to  its  cen  of  grav.  This 
theoretical  vel  is  found  in  ft  per  sec.  by  mult  the  sq  rt  of  said  head  or 
vert  depth  in  ft,  by  the  constant  number  8.03 ;  or,  mult  the  head  itself  in  ft,  by 

•  B^anse  the  plunger  now  forms  practically  the  bottom,  nm  or  op,  of  the  pipe.  Bee  Rem  2, 
p  223. 
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64.4.  and  take  tb«  aq  rt  of  the  prod.  In  pnujtica,  ws  m%j  BW  8  aod  64.  as  near  enongh.  Tb«  theo- 
retical, as  well  as  the  actual  dt$eh,  or  the  quanHty  in  cab  ft,  which  Hows  oat  per  see.  Is  eridentlj 
equal  iu  all  cases  to  the  prod  of  the  theoretical,  or  of  the  actual  vel,  (as  the  ease  may  be,)  in  ft  per 
sec.  mult  by  the  area  of  the  opening  in  aq  ft. 

These  theoretical  laws  apply  equally  to  all  fluids,  whatever  may  be  their  sp  grar ;  thus,  theorettcallj, 
mercury,  water,  air,  Ac,  will  all  tiow  with  equal  veb  frum  openings  of  equal  itises.  uuder  equal  h«ads. 

Practicallv.  however,  only  the  mean  vel.  and  the  dlsch  through  the  venA  COntrftCtA,  or 
eOniriMSteU  vein,  (see  Pig  ll,)  which  forms  itself  just  outside  of  certain  kinds  of  openings, 
(and  which  is  smaller  than  the  opeuinga  themselves,)  are  actually  very  ntarlif  equal  to  the  theoret- 
ical ones ;  but  through  the  very  opening  itael/  they  are  tuuaUn  less.  The  disorepaucy  is  greater  in 
some  oases  than  in  others ;  depending  chiefly  on  the  shape  of  the  opening. 

On  this  account,  the  theoretical  vel  and  disch  found  by  the  foregoing  rule,  must  usually  be  dimin- 
ished by  mull  them  by  certain  decimal  numbers  corresponding  to  the  various  kinds  of  openings :  and 
ealled  eo^fflcienta  of  dUeharae.  These  coelfs  have  In  many  cases  been  determined  by  experiment 
very  approximately;  and  will  be  found  in  the  following  article*. 

TABI^E  10.     or  the  theoretical  velocities  in  f€»et  per  sec, 

with  which  water  should  flow  cat  into  the  itir,  under  diff  beads,  through  openings  in  the  bottom  or 
sides  of  the  containing  reservoir ;  the  surf  level  of  which  remains  constantly  at  the  same  height. 

Welsbaoh  says  (see  third  fooinote  to  Art  9)  that  when  water  flows  ont  of  an  opening  under  water, 
as  at  n.  Fig  1,  the  vel  and  diseh  are  about  ^  part  less  than  when  it  flows  Into  the  open  air,  under 
equal  heads.  When  the  diaoh  is  made  under  water,  the  vert  diet  a  u.  Pig  I.  between  the  surf  levels 
of  the  two  reservoirs,  must  be  uken  as  the  head.  These  theoretical  vels  are  very  nearly  the  aetoal 
mean  ones  at  the  contracted  vein;  see  Art  9.  Calling  the  head,  H,  then 

™n/!pt^«r*'  =  V^Tb'  =  yiiAW  =  imHm*etheeqrtofthe\ 

Theoretical  head . 

in  feet 


On  ft. 

»el»  _■    vet*  ^  { equare  of  theoret  vet\  ^    -,„ 
=  =  ^         inftpereeo        )  ^  '^^^ 


tg  64.4         ^ 


Head 

Vel. 

Head 

Vel. 

Head  Vel.  1 

Head!  Vel.  1 

Head  Vel. 

Head 

Vel 

Head 

Feet. 

Vel. 

Peot. 

Piper 
sec. 
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Art.  8.  On  flie  fl*w  •f  water 
tlirouKli  verticml  epeninirs  fur- 
nislied  with  sliori  tubes.   Yfhen  water 

flow*  ftvDi  a  reservoir.  Pig  6,  through  a  Tert  partition 

M  m  a  a.  the  tbickneM  umnf  wbioli  i«  about  iH  or  3  timM 

the  least  tranRverse  dlnien^ioo  of  the  opening,  (whether 

thnt  dimeneioD  be  iu  breadth,  or  its  height;)  or  when,  if 

the  partition  be  very  thin,  as  nn,  the  water  flows  through 

a  tube,  as  at  (,  the  length  of  which  ia  about  it  or  3  times Tu 

leaitt  trausverse  dimension,  then  the  effluent  stream  will 

eniirel  J  till  the  opening,  or  the  tube,  as  shown  in  Fig  6 ;  or. 

In  technical  language,  will  run  with  a  fuUJtow;  or  a  fuU 

bore  :  and  will  diseh  mere  water  in  a  given  time,  than  if 

the  tube  were  either  materially  longer  or  shorter.    For  if 

louger  than  8  times  the  least  transverse  dimension,  the 

flow  will  be  impeded  by  the  increased  friction  against  the 

sides  of  the  tube ;  and  if  shorter  than  about  twice  the  least 

transverse  dimension,  the  water  will  not  flow  in  a  full  streaai,  bat  in  a  oontraeted  one,  as  shown  b]r 

Fig  11.  This  will  be  the  case  whether  the  tube  be  circular,  or  rectilinear.  In  Iu  cross-section. 

To  find  Rpproximateljr  the  actual  Tel.  aiHl  dtseh  into  the 
air,  throui^h  a  tube,  or  openlnitr,  either  cireuiar  or  reetl- 
linear  in  its  outline,  or  cross-Aectlon ;  and  whone  lenfcth  e  i, 
or  e  e,  in  the  direction  ol'  the  flow,  is  about  214  ^i*  ^  times  Its 
least  transverse  dimension;  when  the surface-leirel, »,  Fig:  6, 
remains  constantly  at  the  same  heinrht;  and  which  nelicht 
must  not  be  below  the  upper  ed^e  of  the  tube,  or  opening:. 

Bulb  1.    Take  ont  the  theoretical  vel  f^om  Table  10,  corresponding  to  the  besd  measured  vert 

from  tbe  oenter  (or  more  properly,  the  een  of  grav)  c.  of  the  opening,  to  the  level  water  sorf  «.  Mult 
it  by  the  eoeff  of  disoh  .81.  The  prod  will  be  the  reqd  vel,  in  ft  per  see.  Unit  this  actual  vrl  bj  the 
transverse  area  of  the  opening,  in  sq  ft.  If  cirenlsr,  knowing  Its  diam.  this  area  will  be  found  in 
Table  3.  The  |n^  will  be  the  quantity  of  water  discbd,  in  cub  ft  per  sec ;  within,  probably,  S 

or  4  per  cent. 

Bulk  3.  Find  the  iq  rt  of  the  head  In  ft.  Malt  this  sq  rt  by  6.6.  The  prod  will  be  the  actual 
vel  in  ft  per  see. 

Sx.  An  opening  eo;  <»  box-shaped  tabs  e  t,  Fig  fl,  Is  8  feet  wide,  by  .25  of  a  ft  high ;  and  its  length 
in  the  direction  e<or  o  e  in  which  the  water  flews  is  about  .iS  of  a  ft.  or  about  Hi  times  its  least 
transverse  dimension,  or  its  height.  The  head  from  the  oen  of  grav  c,  of  the  opening,  to  the  constant 
surf-level  $,  is  4  feet.    What  will  be  the  vel  of  the  water:  and  how  much  will  be  dischd  per  sec? 

Bv  Bvle  1.    The  theoretical  vel  (Table  10.  )  corresponding  to  a  head  of  4  ft  is  l«  ft  per  sec. 

And  16  X  .81  =r  12.96  ft  per  see,  the  aotnal  vel  reqd.  Agnin.  the  transverse  area  of  the  opening,  or  of 
the  tube,  is  3  ft  X  .25  ft  =  .75  sq  ft.     And  .75  X  12.96=».7S  cab  ft ;  the  quantity  dischd  per  s 

""■""■"  ......  - .     ..  .      ^      .    ^  ._  -         the  VI 


MgMmtei.    The  aq  r«  of  4  is  2.    And2X6.6  =  13ftp«r  KO.  th«  ceqii  veU  M  before, 
ilir  being  owing  to  the  omission  of  small  decimals  in  the  coeffs. 


e  very  slight 


Rem.  1.  If  the  short  tnbe  t  projects  partly  inside  of  the  vert 
partition  n  n,  the  disch  will  be  diminished  alK>nt  ^  part.  In  that  case,  use  .71 
or  .7  Inotrad  of  the  ,81  of  Rale  1 ;  or  5.7  instead  of  the  6.5  of  Rule  2. 

Rax.  2.  When  the  thickness  a m  of  the  vert  partition  mmaa;  or  the  length  e  e of  the  tube  (,  Fig 
6.  it  increased  to  about  4  times  the  least  transverse  dintenxion  of  the  opening ;  or  of  the  diam.  when 
eirenlar :  then  the  additional  friction  against  Its  rides  begins  appreciahlv  to  lessen  the  vel  and  disch. 
In  that  onse.  or  for  still  greater  lengths,  up  to  100  diams,  they  may  be  found  approximately,  by  using 
instead  of  the  eoeff  of  disoh  .81  in  Rule  I,  the  following  coefEi,  1^  whieh  to  mnlt  the  theoretical  vek 
of  TaUe  10.  Or  ase  Rule,  p  243. 

TABI^E  11. 


Length  of 

Length  of 

Coeff. 

Pipe 

CoefT. 

in  Diamt. 

in  Dtams. 

4 

.80 

40 

.62 

e... 

...  .76 

50... 

...  .60 

w 

.74 

66 

.67 

15... 

....71  ■ 

70. 

....66 

20 

.69 

80 

.62 

26... 

....67 

90... 

....60 

ao 

.66 

100 

.48 

Rbm.  S.  When  the  lei»th  of  the  opening  er  tnbe.  in  the  direction  in  which  the  water  flows,  becomes 
(CSS  than  aboot  tvrioe  its  least  transverse  dimension,  the  disch  is  diminUhed ;  "o  that  for  lengths  from 
IK  times,  dnvm  to  openings  in  a  very  thin  plate,  we  may  ose  .61,  instead  of  the  .81  of  Rule  l.  For 
sneb  openinca.  however,  see  Arts  9  and  10.  ....  v.        ._-.  .v.,^.n  tn 

RehH.  Bnt  on  the  other  hand,  the  disch  through  such  short  openings  »»*  •'"^Jf  " 'p_V!?^.K 
Fig 6.  mav  be  increased  to  nearly  the  theoretical  ones  of  Table  10,  by  ^^^lJ/^^}!'fi?F^V^^i 
edges  of  the  entrmnoe  ^nd  or  moiith,  •»  In  Fig  7;  which  is  the  shape,  and  half  »ot»**  •*{•**  *'?J,'212 
~^  -  ■  -  —  — ilSod  .fT6  of  tbi  theoT«tl^  vol  and  discharge,  when  the  head  was  10  ft ;  and  .966 


whieh  Wetsboeh  obtninod  .1 
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with  A  bead  of  one  foot;  so  that  in  similar  oaMS,  4W8,  and  .958  may  be  wed  Inateadof  the  ©odT  .M 
in  Bale  1. 


Fiflr.S. 


Fifir.9. 


Figr.  m 


As  mnch  aa  .92  to  .94  may  be  obtained  by  widening  the  opening,  m  n,  toward  its  onter  mouth,  o  «, 
Flg»  8,  making  the  divergence,  or  imgle  a.  about  5° ;  or  by  wldeniug  it  toward  ita  inner  mouth,  as  at 
t  cT  Pig  9 ;  but  increasing  the  angle  of  divergence,  at  b,  to  from  11°  to  16°.  In  all  cases,  we  consider 
the  small  end  as  being  the  opeuiag  whose  area  mustbe  multipiied  bj  the  vel  to  get  the  dincharge. 

In  same  exnerimeiito  made  witk  large  pyramidal  wooden 
troiMTlis  9.5  ft  long,  with  an  inner  mouth  of  3.*2  X  2,4  ft,  and  a  cRscharging  one 
of  .62  X  .♦*  ft ;  and  under  a  head  of  9>i  feet,  the  discharge  was  .98  of  the  theoretical  one.  due  to  the 
smaller  end.    Therefore,  .98  may  be  used  In  such  cases,  instead  of  the  .81  of  Rule  I. 

Rbm  5  Bv  using  an  adjutage  shaped  as  fti  Fig  10,  the  discharge  may  be  inorea8«dru)  aereral 
times  that  due  to  the  head  abev«  the  c«ne«-  cf  gravity  »  of  the  orifice  *»« :  because  In  Huch  cases,  aa 
exHluined  in  Art  1  w,  p  2»,  the  tnu  head  a»s,  or  the  head  causing  the  ra|)id  flow  through  the  nar- 
'^  -^  r       '  rowest    portion    mn,   may     be    much 

greater  than  the  head  above*. 

In  1887,  Mr.  Clemens  Uer.tchel,  0.  B. 
(Transactions,  American  Society  of 
Civil  R^ngineers,  Nav.  1888)  experimented 
at  Uolyoke,  Mass.  upon  the  flow  in  a  pipe 
1  foot  diameter  and  in  a  boiler  iron 
trunk  about  9  feet  diameter,  these  diam- 
eters being  reduced,  by  api>aratus  shaped 
somewhat  like  Fig  10,  to  about  H  foot 
and  8  feet  respectively  at  mn.  The 
discharge  was  under  water.  Mr.  Hersohel  finds  that  when  the  velocity  through  the  narrowest  por- 
tion n»n  exceeds  say  10  feet  per  second,  it  is  very  nearly  equal  to  that  (»  =  VTfK)  theoretically  due 
to  the  true  head  A ;  the  coefficient  varying  say  from  0.98  to  1. 00,  with  ordinarily  good  construction  ; 
showing  that  for  such  velocities  an  apparatus  of  this  kind  (which  heoalls  a  Venturl  meter) 
may  be  very  useful  for  measuring  the  discharge  through  pipea. 

Art.  0.  On  tlie  dtseli  of  water  tlironfrli  opening^  In  thin 
Tert  partitions,  wltii  plane  or  flat  faees,  «  ^  orn  t>,  Fig  ll.*  If  the 
face  e  «.  or  n  n.  Instead  of  bei&fc  p\aM9,  and  vert,  shotdd  be  curved, 
or  Inclining  in  diff  directions  toward  the  opening,  then  the  disch 
will  be  altered.  When  water  flows  from  a  reservoir.  Fig  11,  throagh 
a  vert  plane  plate  or  partition  n  n,  which  is  not  thicker  than  about 
the  least  transversedimensioQ  of  the  opening. whether  thatdimension 
be  its  breadth,  or  its  height  o  o ;  t  or  when,  if  the  partition  e  e  itself 
is  much  thicker,  we  give  the  opening  the  shape  shown  at  6,  (which 
evidently  amounts  to  the  same  thing.)  then  the  effluent  stream  will 
not  pass  out  with  m/tUljItou,  as  in  Fig  6,  but  will  assume  the  sliape 
shown  in  i£ig  U;  lormii^  just  outside  of  the  opening,  what  is 
called  the  -wAa  <oomtrmota^r  contracted  vein.  In  order  that  this 
contraction  may  take  place  to  its  fullest  extent,  or  become  complete, 
the  inner  sharp  edges  of  the  opening  must  not  approach  either  the 
surf  vf  the  water,  or  the  bottom  or  sides  of  the  reservoir,  nearer 
than  about  1^  times  the  least  transverse  dimension  of  the  opening. 
The  contracted  vein  occurs  at  a  dist  of  about  half  th%  smallest  di- 
mension of  the  orifloe,  from  the  oriflce  Itself.  In  a  circular  orifice, 
at  about  half  the  diam  disi:  Mid  efdinarily  iU  area  is  about  ^2  or  nearly  %  that  of  the  orifloe  iu>elfl 
At  this  point  the  actual  mean  vel  of  the  stream  is  v^ry  nearly  (about  .97)  the  theoretical  vel  given bjf 
Table  10,  and  hence  the  actual  iUeeh*  are  but  .82,  or  nearly  ^  of  the  theoretical  ones. 

Case  1.  To  And  the  actual  dlseh  Into  alr4  tiironirli  eltlier  a 
circular  or  recti  linear  §  opening  Inatliln  Tert  plane  partl- 

*  We  believe  that  these  rules  for  thin  plate  are  also  sufficiently  approximate 
for  most  practical  purposes,  If  the  opening  be  in  the  bottom  of  the  reservoir; 
or  in  an  inclined,  instead  of  a  vert  side. 

t  When  the  side  of  a  reservoir,  or  the  edge  of  a  plank,  Ac.  over  which  water 
flows,  has  no  greater  thickness  than  this,  the  water  is  said  to  flow  throagh, 

ornv(>r,  thin  plate,  or  thin  partition. 

t  Should  the  dineb  take  place  under  tMMer,  as  in  Pig.lS.  ftefh  »uff-le9eiU  rg. 
mcdning  constant,  then  the  bead  to  be  used  is  the  vertdlff  ao,  ef  the  two 
levels.  After  making  the  ealonlation  with  this  head,  we  should,  aeoording  to 
Weisbnch,  deduct  the  ^  part;  Inasmnoh  as  he  states  that  the  disch  Is  that 
much  less  when  under  water,  than  when  it  takes  place  fk«ely  Into  the  air. 
Other  (>x peri  menters,  however,  assert  that  it  is  precisely  the  same  in  both  cases. 

§  If  the  shape  of  the  opening  Is  oval,  triangular,  or  irregular,  the  head 
must  be  measured  vert  from  its  cen  of  grav. 


Fifir.U. 
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tlMft«  wUeu  tiM  «en«racilo«  M  cnMi|»l«te<  mm^  wlien  the  mmrt^ 
l*v«l,  «,  r«BiiAiii»  etMisteaUy  ai  the  miwie  liel«iii;  water  heiay 
Mappiied  ta  tlie  reservoir  as  ii»st  as  it  nms  aat  at  the  apen* 

K01.S  I.  When  the  head,  measored  Ten  from  the  eeoter  (or  rather  from  the  oen  of  grar)  c,  of  the 
opeuiug.  to  the  surf  lerel  «  of  the  reservoir,  ia  not  less  than  1  ft.  uor  more  than  10  ft ;  and  when  the 
least  iransTerse  dimension  of  the  opening  is  not  less  than  an  ineh,  muU  the  theoretical  Tel  in  ft  per 
MC  dne  to  the  head.  (TaUe  10,  )  by  the  ooeffioieut  of  ditch  .62.    The  prod  will  he  the  acinal 

mean  Tel  of  the  water  through  the  opening.  MuU  this  tcI  bjr  the  area  of  the  opening  in  sq  ft;  the 
pmd  will  be  the  disch  in  oub  ft  per  sec,  approximately. 

When  the  head  is  greater  than  10  ft,  use  .6,  instead  of  .62. 

BuLS  2.  Find  the  sq  rt  of  the  head  in  ft.  Unit  this  sq  rt  bj  6 ;  the  prod  will  be  the  Tel  la  ft  per 
see ;  which  mult  by  tue  area  as  before  for  the  disch.     . 

Rx.  What  will  be  the  disch  through  an  opening  in  complete  contraction,  whose  dimensions  are  ft 
ins,  or  .5  ft  Tert ;  and  4  ft  bor ;  the  vert  head  above  the  oen  of  graT  of  the  opening  being  oonstauil/ 
•  feet? 

Bv  Rule  1.   The  theoretical  vel  (Table  10,  )  corresponding  to  6  ft  bead,  is  19.7  ft  per  s«c.  And 

19.7  X  .ft'i  =:  12.214  ft,  the  reqd  vel.  Again,  the  area  of  the  opening  =  .5  X  4  =  2  sq  ft ;  and  12  214  X 
2  =:  U.iat  cub  ft  per  sec :  the  diKh. 

BvBuUt.  Thesqrtof  6  =  2.4A:aad2.lftX5  =  l2.«a  per  fee.  (be  reqdTcl;  and  12.25X2  = 
HA  cob  ft  per  eec,  the  disch. 

Both  wery  approx  eTen  If  the  eritee  reaehee  to  the  anrfkee  of  the  lasaiog  water. 

Bern.  1.    The  coef  .62  Is  a  meaa  of  resulU  of  many  old  experimenters. 

In  1874  Oenl.  T.  0>  EUis  of  MaMaobtwetts  inducted  an  elaborate  series  (Trans  Am  Soc  C  E,  Feb 
1876)  on  a  large  scale,  the  general  resQltk  of  which,  within  less  than  1  per  ot,  are  given  In  the  foll«w* 
log  table.    See  also  Rem  3.    The  sharp  edged  oriAces  were  In  Iron  plate*  .M  to  .6  Ineli  kbiek. 


Orifice. 

Head  above  Center. 

Coef. 

2ftsq. 

2.    to   3.5  ft. 

.60  to  .61 

S'Mong.l  ft  high 
1 '« long.  .6  high 

1.8  to  11.8  " 

.60  to  .61 

1.4  to  11.0" 

.61  to  .60 

J"diai. 

1.8  to   9.6" 

.99  to  .61 

58,    Bxtreaie  eare  ia  reqd  to  obtain  correct  results;  but  for  raany 

purposes  of  the  engineer  an  error  of  5  to  10  per  ct  is  unimpurtanu 

It  will  rarely  happen  that  greater  accuracy  is  required  than  may  be  obulned  by  the  fo/egoinc 
rules;  but  when  such  does  occur,  aid  mav  be  derived  fTom  the  following    table   deflnceci 

from  the  experimeiHs  oi  I^esbros  and  Ponrelel^  on  openings  8  ins 

wide,  of  diff  beighui,  an4  whb  diff  heads.  Use  tOittt  eoeff  in  tbetaMe  which  applipK  to  the  ease,  In* 
stead  of  the  .62  of  Kule  1.  In  some  of  the  oases  in  ttrts  taMe,  the  upper  edge  of  the  opening  is 
nearer  the  surf-level  of  the  reservoir  than  1^  times  its  least  transverse  dimension. 

TABI^E  12.     Coefficients  for  rectancrniar  opcnlnips  In  thla 
vertical  partition*  In  rutl  contraction.* 


Head 

Head 

The  breadth  in  all  the  openings  =  8  inchei. 

nhoTceen. 

•fgMT.Of 

aboTecen. 

HBIOHT  or  OPENING. 

opening 

Ins. 

Ins. 

Ins. 

Ids. 

Ins. 

Ins. 

Ina. 

irFeet 

in  Inches. 

8 

6 

4 

8 

2 

1 

.4 

.088 

.4 

.8 

.70 

.0666 

.65 

.69 

.0633 

1 

.64 
64 

.68 

.128 
.1666 

.61 

.68 

.60 

.6*/ 

.64 

.68 

.<{083 

V 

SM 

.69 

.61 

.62 

.64 

.67 

.960 
.9917 

.90 
.60 

.61 
.61 

.62 

.94 

.64 

67 

.il 

66 

.8333 

4 

.58 

.60 

.61 

.63 

.64 

.66 

.8759 
.4167 

l!« 

.56 

.57 

:S 

:S 

.61 
.62 

.63 
.68 

:S 

.66 

.66 

,   .6606 

8 

.69 

.90 

.m 

.62 

.68 

M 

.65 

1 

12 

.60 

.60 

.61 

.62 

.61 

.68 

.64 

8 

86 

.60 

.60 

.61 

.62 

.63 

.63 

M 

6 

60 

.60 

.60 

.61 

.61 

.62 

.62 

.62 

10 

120 

.60 

.60 

.60 

.60 

.60 

.61 

.61 

Rem.  3.  Careftil  experimentM  on  openlnm  4}4  ft  wlde«  and  la 
ins  lilfrh«  under  heads  of  from  6  to  15  ft,  show  that  the  coeff  .62  will  give  rt^sults 
enrrrct  within  JU  part,  for  openings  of  that  site  also,  nnder  large  heads ;  although  the  thickness  of 
)he  partition  varied  on  Its  diff  sides,  from  12  to  20  ins.  It  mast  be  recollected,  however,  tbu  nothing 
more  than  close  t^fpro:amatiotu  are  to  be  attained  in  saeh  matters.  * 

Rnr.  4.  It  has  been  asserted  by  some  writers,  that  when  two  or  moi*e 
etmtiffuous  openlnfcs  are  discharging:  at  the  same  time  from  the  same  reser- 
TAlr,  tbcT  diaeh  less  in  proportion  than  when  only  one  of  them  is  open.  Other  experiments,  how* 
erer.  •etm  to  A««  A«t  this  la  not  the  case ;  it  is  thvefttre  pwbaMe,  at  least,  that  the  diff,  if  any, 
is  bat  trifling.    See  Art  1  N,  p.  989. 


•  See  first  footnote  on  preceding  page. 
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Oaue  2.  Tli«  dlseliarxre  thronffli  fkiM  veri  i^i^tl^ns  ia  coat* 
plete eontrMction,  wnen  ili«  Mirl'A«e-le vel,  «n.  Fly  IS^  de«een<ls 
iMi  tlie  water  ll«w»  ont  t«iU»  the  »tr*    la  this  <m8«,  if  th«  reservoir  is 

priamalio,  tbal  in,  Ifiu  bur  seotiouH  are  ev«rjrwbere  equal ;  aud  if  uu  waler  U  flowiug  iau»  thereMr* 
voir,  to  supply  (be  plaoj  of  tbac  wbiob  tlow«  put,  ibeu,  to  Hod  tb«  time  reqd  to  disob  tbe  reaenroir. 

RuLi.  Inasmuoh  as  tbe  time  in  wbiob  auob  a  reservoir  eutireljr  disobarges  itself,  is  twice  tbat  in 
wbieb  the  same  quantity  would  flow  out  under  a  oouataut  bead,  as  in  Case  1,  tberefore,  cal- 

culate the  disoh  in  cub  fi  per  sec  by  Rule  1,  Art  \t ;  div  tbe  Dumber  of  cub  Tt  cou- 
taioed  in  tbe  reservoir,  above  the  level  g  of  tbe  bottom  of  tbe  opening.  Fig  13,  by 
this  disoh ;  tbe  quot  will  be  the  number  of  sec  in  which  ■  volume  equal  to  that  io 
tbe  reservoir,  to  the  depth  g,  would  run  out  in  Case  I,  of  a  constant  bead.  And 
twie«  this  unmber  will  be  (he  seconds  reqd  to  empty  (he  reaenrc^  in  Case  2^  of  n 
varying  bead. 

RsM.  If  it  should  be  reqd  to  find  tbe  time  in  which  such  n  prlsmatlo  reserrolr 
would  partly  empty  itself,  as,  for  instance,  from  m  to  n.  Fig  13,  first  calculnte,  by 
tbe  above  rule,  tbe  sees  necessary  to  empty  it  if  it  bad  only  been  filled  (o  n ;  aud 
afterward  calculate  as  if  it  bad  been  filled  to  m.  Tbe  diff  betweeu  tbe  two  times 
will  evidently  be  tbe  time  reqd  to  empty  it  from  m  to  n.  If  the  opening  Is  not  In 
complete  contraction,  see  Arts  11,  tto. 

If  tbediscli  Is  Into  a  lower  reservoir,  whose 
snrf-level  remains  eonstant,  proceed  io  the  same  muuner; 
Pig'  13.         only  use  the  diff  of  level  of  the  two  surfs  as  the  head,  and  afterwnrd  (aooordluc 
to  Weisbacb)  increase  tbe  time  ^  part. 

Art.  10.  DIseli  from  a  reservoir  B,  Wig  14,  the  snrf-level,  «, 
of  which  remains  constantly  at  the  same  helgpht;  fhrooiph 
an  openlnK<o,  in  thin  vert  partition;  and  in  complete  con- 
traction; bnt  entirely  nnaer  water;  and  into  a  prismatic 
reservoir,  m. 


Seconds  required 

to    discharge    a    quantity  =r 
eia,  the  Uo4l  c  rmnairUng  z 
eotutant. 


*/ height  ae  ^  hor  area  of 
^    _  in  ft       ^  m  f n  *q  ft 

area  af  opening  v  <m  -s^  &  m 
o  in  soft    *  X  •«  X  8.« 


isrea 

il  in  m  U'l 


^/height  »e 
^       tnfl 


iTom  c  to  «  — 


^  borareaof^. 
■^  m  in  sq  ft   ^  ' 


"•iil^ft""x.«tx8.ai 


Seconds  required 

to  raiae  l«vel  in  m  from  e  to  =  - 


any  otAer  level,  4. 


"b:tlln°ft*r"»»°-q^t 
^"';f„'^P*^f»°«X. 62X8.03 


Rkm.  1.  If  it  should  be  reqd  to  And  the  time  of  ^IllnK  «»,  from 
its  bottom  0,  up  to  <f.  we  may  do  8o  very  approximately  by  calculating  l>j 
the  first  rule  in  Art  9.  the  time  reqd  from  «  to  tbe  center  of  tbe  opening  o,  as  if  all  that  pnriioa  of 
the  disch  took  place  into  air;  aud  afterward,  from  the  center  of  tbe  opening  to  d,  by  the  rule  Just 

Siven.    This  case  Is  similar  to  that  of  filling  a  lock  trom  tbe  oanal  reach  above,  in  which  (be  surf- 
ivel  may  be  considered  constant. 

Rem.  2.  If  the  bottom  of  the  openinfr  o.  should  coincide  with 
the  bottom  of  the  reservoir,  then  the  coeff  will  become  greater  than  .62. 

See  Art  11,  for  obtaining  ooefEi  for  imperfect  contraction. 

Rem.  3.  If  the  openinip,  instead  of  belnir  In  complete  con- 
traction, is  of  any  of  the  shapes  Figs  tf  to  9,  then  a  reference  to  Art  8  will  show 
what  coeff  must  be  subMlitnted  for  .63. 

au«  3.  DIsch  from  one  prismatic  reservoir.  Tig  15,  W,  into 
another,  X,  of  any  comparative  slses  whatever,  througrh  an 
opening  o,  in  a  plane  tnin  vert  partition,  and  In  complete 
^ ^._     ^     ^"e  water  rises  In  X.  while  It  IHI Is  In  W. 

To  And  the  time  in  which  the  water.  Jlo wing  from  W  into  X,  through 
0,  wihfaUthrough  the  diet  a  s,  so  as  to  ttand  M  the  tmme  level  s  e.  <» 
both  reeervoira. 

In  tkls«aM,  the  watw  rtqd  (aflll  X  ttom  « t«  4.  (dbel«g  tbe  botton 
of  (be  openint  o.)  flows  oat  into  the  air;  and  the  time  necessary  for  it 
to  do  so,  must  be  calculated  separately  from  that  reqd  abeva  4,  *Uafe 
flows  lnt6  water. 

BobB.  First  from  e  to  <i.  Find  the  her  area  of  eaob  raaerrolr,  in 
aq  ru  Mult  the  hor  area  of  X.  by  (be  vert  dep(b  de  In  f(,  for  the  onb 
ft  contained  in  that  portion.  Div  these  cub  ft  bv  the  hor  area  of  W. 
The  quot  will  be  the  dist  a  m,  in  feet,  tbroagh  which  the  water  In  W 
must  deaoend,  in  order  to  fill  X  to  <!. 


contraction ;  when  the  \ 


■<•       iV    r>         — 

1     '" 

i^    . 

X 

i              1    A 

Fig.  16. 


Seconds  r-      Jw*- i^„e^  (^b«5a^^h^n\ 
qnlred  to  low-  _  Wiusqft      ^        " "  mn    / 


er  from  a  to  m,  and 
raise  ftam  e%6d. 


^'^oYu'iJft"*^*'''^^^ 
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Se«oiidfii  required 

to  lower  from  m  to  *,  and  raise 
from  d  to  c.     ^Very  approx) 


Hnr  area  of  ^ 


twice  ibe  hor  area  ^ 
of  W  In  Bq  ft      ^ 


^/head  mil 
^       In  ft 


Area  of  /Do 

epeoiag    X  I     « 
oin  sq  (t        Mn  sq  ft 


hor  area        hor  areax 

of  W     -f      of  X     ) 

in  tq  ft/ 


X  .««  X  8.M 


K' 


Flgr.  16. 


Ex.  -  Let  the  hor  area  of  W  be  100  tq  ft:  and  that  of  X.  flO  tq  ft.  Let  an  he  20  ft;  and  mn  16  ft; 
and  the  area  of  the  opening  e,  S  itq  ft.  In  what  time  will  the  water  deaoeud  from  «  to  «,  and  rise 
from  « to  c  T 

loaanincb  a«  the  method  of  finding  the  time  for  filling  fk^Mn  e  to  d.  by  the  water  falling  from  «  to 
m,  reqaices  no  further  ezemplifieatioo,  we  will  oonflne  oarseiveii  to  the  addttioniU  time  neoessarr  for 
fUling  from  d  to  e,  by  the  water  falling  from  m  to  •.    To  had  thia,  we  have,  the  tq  rt  of  tbc  head 

m«=:4ft;«,dthe«unofthe2area.  =  100  +  eo  =  160.    Hence,  j^i^><^««^^-?^   =   ^= 

tO.l  see;  the  addition^  time  reqd,  very  approximately. 

NoTB  1.  If  tbe  openinir,  as  d,  Figr  !•»  reaelies 
to  tbe  very  bottom  of  tbe  re«erYOirs,  we  may 

eeaakter  all  tiM  water  flowing  froat  B  into  T,  a*  flowing  lute  water. 
Therefore,  asiug  the  head  am,  we  at  once  calculate  the  time  necessary 
for  the  water  in  the  two  reservoirs  to  arrive  at  the  same  level  •  e,  by 
the  last  process  of  the  preceding  rule ;  or,  in  other  words,  b.v  the  pro. 
cess  given  in  the  preceding  example.  But  in  this  case  it  must  be  borne 
in  mind  that  the  opening  o  in  no  longer  in  complete  contraction,  inas- 
much as  the  contraction  along  its  lower  edge  is  suppressed. 

The  disch  will  consequently  be  somewhat  increased;  and  a  coefT 
greater  than  .6'i  becomes  necessary.    The  method  of  finding  this,  is 

iveu  in  the  fullewing  Case  4.  ▲  reCerenee  to  Art  K  will  give  th»  emS 
case  the  opening  is  shaped  as  Figs  6  to  9. 

Art.  11*  Case  4.  Tl|e  dlselmrire  tliroiiirb  opeMlnf^  la  plmae 
tliin  vert  partitious;  but  iu  liieomplete  contraction. 

The  opening  may  be  enefa  that  eontraetfon  will  take  place 
ainug  one  portion  of  its  perimeter,  or  at  the  top  of  the  open- 
ing a,  Vig  17  ;  while  it  is  suppressed  on  another  portion ;  as 
at  the  bottom  and  two  ends  of  the  opening  a;  where  suppres- 
sion is  caused  by  the  addition  of  short  side  end  bottom  pieces 
e,  e.  e.  Or  it  may  be  caused  by  the  bottom,  or  ends,  or  troth, 
eoineiding  with  the  hoctom  and  sides  of  the  reservoir.  In 
•oeh  cases  the  disoh  will  be  greater  than  in  those  of  complete 
contraction ;  but  less  than  in  those  of  full  flow  ;  Inasmuch  as 
the  opening  now.  partakes  somewhat  of  the  character  of  the 
store  tubes  of  Art  8 ;  and  the  ooeff  will  rise  from  .62,  or  that 
which  tuunlly  pertains  to  openings  in  full  contraction  ;  and 
will  approach  .8,  or  that  of  full  flow,  in  proportion  to  the  ex- 
tent of  perimeter  along  which  oentraotion  is  suppressed :  or 
even  to  .9  m-  .98  by  the  use  of  such  openings  as  are  shown  by 
Figs  7,  8, ». 

To  find  approximately  a  new  coeflT  of  dlscb;  and  the  dlscb 
Itoelf,  In  eases  of  Incomplete  contraction. 

RuLB.  First  find  by  the  foregoing  rules,  what  would  be  the  disoh  in  the  particular  case  that  may 
be  under  consideration,  supposing  the  contraction  to  be  complete.  Then  div  that  portion  of  the 
perimeter  of  the  opening  on  which  contraction  is  suppressed,  by  the  entire  perimeter.  Mult  the  quot 
by  the  dec  .152  if  the  opening  is  reotaugular,  or  by  .128  if  circular.  To  the  prod  add  unity,  or  1.  Call 
the  sum,  g.  Then  say,  as  unity,  or  1,  is  to  g,  so  is  the  ooeff  for  complete  contraction  in  ordinary  cases 
(usually  .62)  to  the  reqd  new  coeff.  Finally,  repeat  the  original  calculation,  only  substituting  this  new 
eoeff  in  the  plao«  of  .62. 

According  to  this  rule,  we  have  the  following  coefT  of  discharge  for  rectauKular  openings  within  pro- 
bably 3  or  4  per  cent  when  contraction  is  not  suppressed  on  more  than  }i  of  the  perimeter.  The  theo- 
retical discharge  multiplied  by  the  corresponding  ooeff  will  give  the  actual  discharge.  When  the  con- 
traction is  carried  farther,  the  coeff  becomes  extremely  irregular,  and  is  probably  indeterminable. 

iEV>r  compute  contraction  (ordinarily) -. 62 

W%«n  contraction  i*  ntppre»$ed  on  %  the  perimeter 64 

H"  "        67 

"H"  ••        6» 

"  "  "  "  entirely  around  the  orifice 80 

Intermediate  ones  can  be  estimated  nearly  enough,  mentally. 

Rrm.  1.  l¥ben.  Instead  of  a  short  spont,  as  In  Fl|c  17,  the 
opening  l<s  provided  with  an  Indefinitely  lonfjr  hor  tronfi^h, 

similarly. attached,  and  open  at  top,  there  will  be  no  practically  appreciable  diminution  of  disch  below 
that  through  the  simple  opening  as  at  a,  Fig  11 ;  provided  the  head  meaRured  above  the  oen  of  grnv 
of  the  opening  be  at  least  as  great  as  2  or  2H  times  the  height  of  the  opening  itself.  Therefore,  under 
such  eiroumstanoes  the  disch  may  be  calculated  by  the  rules  in  Art  9.  But  with  smaller  heads  the 
disch  diminishes  considerably ;  so  when  the  head  above  the  oenter  beoomes  but  as  great  as  the  height 
of  the  opening.  It  will  be  but  about  ^  of  the  calculated  one.  With  still  smaller  beads,  the  flow 
beeomes  leas  mneh  more  rapidly ;  hut  has  not  been  reduced  to  any  rule. 

Rbm.  2.    If,  Instead  of  being:  hor,  the  tron^h  Is  IBTCIilNED 


Tig.  17. 


yVjOOgle 
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aM  laneta  lui  1  In  10,  the  didch  will  be  increased  very  slightly,  (some  3  or  4  per 
wm)  over  that  culeulkted  bjr  the  rultM  in  Art  %  for  the  plain  openhig.  TheM  reiults  wer«  trhfin-^ 
by  experimenta  on  a  very  amatl  aoale ;  and  «buuld  b«  coiutidvred  aa  nuire  appruxiinatiooa . 

Art.  12.  In  a  case  like  Fly  18,  wbere  contraction  Is  supposed 
to  be  suppressed  at  tbe  bottom,  and  at  botb  vert  sides  of  tbe 
open! us:  o,  in  consequence  of  tlteir  coinciding 
with  the  bottom  and  side*  of  the  renenroir:  bat  where  (he 

front  of  tbe  re»erToir,  Indiead  of  being  vert,  ia  aloped  m»Mf; 
and  when  tbe  water,  after  leaving  tbe  opening,  llowa  sway 
over  a  slightly  alepiug  apron,  g,  then  tbe  diaoh  in  oub  ft  per 
MO  may  be  approximately  found  by  Bale  1.  Gaae  1,  Art1». 
only  anbetituting  .8  in  place  of  .62.  when  /  slopea  baok  46*^ 
or  1  to  1 ;  or  .?«  when  /  alepee  baok  «9°,  or  with  a  base  of  1 
(0  a  riae  of  i.  lu  auoh  oaaea  of  inclined  fronta,  tbe  beigtat  of 
tbe  opening  munt  be  meaoured  vert,  or  rather  cU  right  anglM 
to  Uf  fiotr  9f  Me  rwearfr,-  asd  moi  in  h  line  with  the 
aleping  front. 

Rem.  Wben  the  front,  /,  of  tbe  reservoir  is  vert,  and  a  stopins 
apron  or  troni^b,  0r,  Is  used,  having  its  upper  edge  level  with  the  bottom 

of  the  opening,  the  diaoh  is  not  appreciably  dinilnished  below  that  whlob  ukea  place  freely  into  tlie 
air,  provided  tbe  bead  above  tbe  oen  of  grav  of  tbe  opening  ia  not  lea*  than  th>iu 

18  to  -21  ins,  for  an  opening  6  to  9  las  high. 
\t  to  16  '*      "    ••        "        4  in«  high. 

t         •«    M       <«       3  1q,  or  leas.  high. 


Art.  13. 
tylnic  of  a 


bottom. 


To  find,  approximately,  tbe  time  reqd  for  tite  emp* 
\fi  of  a  pond,  or  any  otber  reservoir,  as  Flff  10,  wbleb  is 
of  4h  prtamatte  slmpe;  tiirouirlK  9tM  openiuy,  n,  near  tbe 


Rai.B.  Firat  uoertala  tbe  exact  ahape  and  dlmenaiona 
of  the  re-^ervolr.  If  large,  and  irregular,  it  mnat  be  oar6> 
fully  aarvayed;  and  aoundiuga  taken,  and  Ognred  apoa  a 
correct  plan  and  oroaa-aeotiona.  Next,  oenaider  the  entire 
body  of  water  to  be  divided  into  a.aeriea  of  thin  hor  atrata, 
A.  B,  0,  D ;  tbe  top  line  of  the  lower  one  being  at  least  a 
few  ilia  above  tb«  top  of  tbe  opening  «.  It  ia  not  oeeeaeary 
•  "     ■"  ^      r;  altbottgh 


.-.  -         ■  —  "-  that  these  atrata  should  be  of  equal  tbiokneaa ;  _ 

j»|r|   lQ  ^*''*-»-i,    the  thinner  they  are,  the  more  oorreet  will  tbe  reanlt  be. 

"^   J  The  depth  of  tbe  lower  one,  D,  will  vary  to  aome  extent 

with  the  height  of  tbe  opening ;  tboae  next  above  it  ahauld 
not  exceed  about  a  foot  In  thickneas,  until  a  depth  of  6  or  8  feet  ia  readied ;  then  they  aaay  oonva* 
niently.  and  with  auffloieut  accuracy,  be  increased  to  about  %  ft,  for  A  or  8  ft  more ;  and  ae  on :  be- 
coming thicker  aa  they  approach  the  aurf.  Bj  aid  of  the  drawinga,  oalenlate  the  oonteat  of  aaoh 
atratum  in  cub  ft.  Now,  ainoe  the  strau  are  thin,  we  may,  without  aerions  error,  aasnme  each  of 
them  to  be  prlsmatie.  as  shown  bv  the  dotted  lines ;  and  may  asaume  that  the  bcuad  under  which  eaeh 
atratum  (exoept  the  loweet)  emptiea  itself  through  n.  ia  equal  to  the  vert  height  from  the  center  of 
tbe  opening  to  the  center  of  the  atratum.  Thus,  m  n  will  be  the  head  of  A ;  wn.  the  bead  of  B  ;  acta, 
the  head  of  O.-  Theo,  for  tbe  airattum  A.  by  Role  T,  Art  9,  (oaly  using  mm  aft  the  head  fostead  af  an,; 
and  Inatead  of  the  ooeff  .62  of  that  rule  (whieh  can  only  be  oaed  if  n  la  In  oomptetesoatraetion)  aalaik 
.64,  or  whatever  other  coeff  near  the  end  of  Art  11  appliea  to  the  case,  calculate  tbe  diaoh  in  cub  fl 
per  sec.  Div  the  content  of  the  stratum  A  by  this  disch,  and  the  quot  will  be  the  number  of  see  reqd 
for  discharging  A.  Uiiing  tbe  bead  wn.  proceed  in  precisely  tbe  same  way  with  the  stratum  B ;  and 
using  the  head  aen,  do  the  same  with  0.  Finally,  for  the  lower  stratum  D.'flnd  by  Bute  1,  Art  9,  (with 
the  same  caution  aa  before  respecting  the  proper  coeflT.)  in  what  time  it  would  empty  Itself  under  a 
tonttaiu  head  equal  to  y  n.  measured  from  its  Murf  to  the  oenter  of  the  opening.  Dtmhlt  this  time  will 
be  that  reqd  to  empty  itself  In  tbe  ca«e  before  us.  under  ita  variing  bead.  Pinallr.  add  tngKher  all 
these  separate  times  ;  and  their  Hum  will  be  the  entire  time  reqd  to  empty  the  pond,  or  reservoir,  ap- 
proximately enough  for  practical  purposes. 
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Art.  14  (a).  Om  (he  dlsehMrire  «ff  waA«r  i»v«r  wcim  Mr  ^ver- 
falls.  The  weir  affords  a  very  convenient  means  for  gauging  the  flow  of  smail 
streams,  for  measuring  the  quantity  of  water  supplied  to  water-wheels,  etc. 

(h)  A  measuring  wcir  is  always  arranged  with  its  back,  or  up-stream  side,  a  b, 
Fig.  20,  vertical,  and  as  nearly  as  may  be  at  right  angles  to  the  direction  of  flow 
of  the  stream.  The  ends,  a  A,  a  A,  Figs.  21  and  22,  are  vertical,  and  the  crest  a  a 
is  horisontal.    (But  see  triangular  notches,  p.  267  y.) 

(<?)  End  eontractioii!!.  When  the  weir  a  a  extends  entirely  across  the 
channel  of  approach,  as  in  Fig.  21>  so  that  its  ends  ak,ah  coincide  with,  or  form 
portions  of,  the  sides  ««  of  the  efaannel,  contraction  (Art.  ^,  p.  260)  takes  place 
only  on  the  tnp  and  bntUmi  of  the  aheet  of  water  passing  over  the  weir,  as  at 
m  c  and  at  a,  Fig.  2(1,  and  is  entirely  "  suppressed  "  at  the  tndty  so  that  the  water 
flows  out  as  shown  in  Fig.  21  a.  Such  a  weir  is  called  a  9ii|»pre8sed[  weir, 
or  a  weir  wltboat  eiad  eantoiftcaoa.    But  when*  as  in  Figs.  22  and  22  a, 


7ig.  21a 


rig.  22a 


71^.20 

the  ends  ah,  ah  are  at  a  distance  from  the  sides  »*ot  the  channel  or  reservoir, 
contraction  takes  pl^tce  at  the  en«{jrcf  the  weir,  as  shown  at  a  and  a,  as  well  as 
over  the  crest.  Such  contraction  diminishes  the  discharge.  A  weir  of  this  kind 
is  called  a  weir  with  end  eontraetionw. 

Other  things  being  equal,  the  extent  of  the  contraction,  and  its  effect  upon  the 
discharge,  increase  with  the  head  H.  When  the  length  a  a  or  L  of  the  weir  ex*- 
ceeds  about  10  times  the  head  H,  the  effect  of  the  end  contractions  upon  ih»  dis- 
charge is  nearly  imperceptible ;  but  as  the  length  diminishes  in  proportion  to 
the  head,  the  effect  of  the  contraction  increases  rapidly.  Mr.  Francis  (Art.  14  »») 
found  that  when  L  =  only  4  X  H,  the  discharge  was  reduced  6  per  cent,  by  com- 
plete end  contractions.  In  view  of  the  uncertainty  as  to  the  effect  of  en^  con>- 
trnctions,  it  is  better  to  avoid  them  and  to  use  weirs,  like  Fig.  21,  where  the  con- 
traction is  suppressed ;  but  if  end  contraction  is  permitted  at  all,  it  must  be  mad^ 
eomplale,-*  for  the  coefficients  given  do  not  apply  to  case»  of  ineomplete 
eontrnetlon,  i.  a.,  with  contraction  only  partly  suppressed, 

(d}  In  a  weir  witbont  end  e«ntraetlon,  care  must  betaken  that  the 
air  has  free  access  to  tbe  space  (tr.  Fig.  20,  or  ^  b)  behind  the 
falling  sheet  of  water.  Otherwise  a  partial  vacuum  forms  there, 
the  sheet  is  drawn  inward  toward  the  weir,  and  the  discharge 
is  greatly  modified.  At  the  same  time,  the  sheet  should  be  pre- 
vented from  expanding  laieralty  as  it  leaves  the  crest.  Both  of 
these  objects  may  be  attained  by  prolonging  the  npper  fwrtiim 
only  of  both  sides  of  the  channel  a  little  way  down-stream 
beyond  the  crest  and  the  upper  part  of  the  falling  sheet,  as  in 
Fig.  22  ft.  Mr.  Francis  found  that  snch  projections,  by  confining 
tbe  sheet  laterally,  diminished  the  discnarge  about  0.4  per  cent. 

(«)  Ordinarily  the  crest  Is  "  in  thin  plate  "  or  "  in  thin  partition  "  (see  foot- 
note t.  p.  260),  so  that  the  sheet  passing  over  the  weir  touches  it  only  at  the  very 
corner,  a.  Fig.  20.  A  rouiided  corner  increases  the  discharge,  as  does  the  round- 
iog  of  the  edges  of  an  orifice  (Art.  S,  p.  260),  and  a  crest  sufficiently  wide  to  de- 
flect the  falling  sheet  diminishes  the  discharge  (see  coefficients  for  this  case  in 
Table  14,  p.  267  e),  but  both  forms  introduce  much  uncertainty,  and  should  there- 
fore be  avoided. 

•The  contraction  is  said  to  be  "complete"  when  it  is  pmetically  as  great  as  It 
could  be  made  by  any  further  increase  of  the  distance  as,  Fiprs.  22  and  22  a;  and  tliia 
is  believed  to  be  attained  when  a  « is  made  equal  to  the  head  U. 
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(f)  Tft«  Itfnjrtli  I^  of  th«  «re»t.  Figs.  21  to  22  a,  shMikl  be  at  least  three 
times  the  head  H,  in  order  to  reduce  the  effect  of  friction  of  the  sides  s  s  aud 
that  of  end  contractions  where  such  exist.  Tbe  lielgrlit  ^,  Fig.  20,  of  the 
vertical  back  a  6  in  contact  with  the  water  should  be  noi  less  than  twice  the 
head  H;  for,  in  order  to  reduce  the  velocity  of  approach  (see  Art.  14  u).  the 
cross-section  of  tbe  channel  leading  to  the  weir  should  be  large  in  propor- 
tion to  that  of  the  stream  a  c.  The  cross-seotiou  of  the  chanuel  of  approach 
should  be  as  regular  as  possible. 

(g)  The  weir  should  be  stoutly  built,  as  vibrations  of  the  structure  may 
seriously  modify  the  discharge.    8ee  designs  for  measuring  weirs,  p.  286. 

(/<)  Theoretically,  the  head  is  the  vertical  distance  U',  Fie.  24,  p.  267  g^  from  the 
crest  a  to  a  point  o'  where  the  water  is  perfectly  .siUl^  and  the  surface  therefore 
horizontal.  But  in  fact  the  head  is  usually  measured  from  the  crest «  to  a  poiut  o 
a  few  feet  back  from  the  weir,  where  the  water  is  only  eotnpwutively  still,  the 
velocity  of  approach  being  perceptible.  (See  Art.  14,  t*.)  The  difference  between 
the  head  H  actually  measured  and  the  head  H'  to  still  water  is  usually  very 
slight.    It  is  greatly  exaggerated  in  the  figure. 

The  correct  measurement  of  tbe  head  is  a  delicate  matter,  the  dis- 
charge being  increased  or  diminished  about  l}^  per  cent,  by  1  per  cent,  of  in- 
crease or  diminution  of  the  head.  Waves  or  ripples  and  other  disturbance:*  of 
the  surface,  and  capillary  attraction,  are  the  chief  sources  of  error. 

(/)  To  avoid  the  latter  ditiicuUy,  the  b<M»k-graag^e  *  is  used  for  measuring 
the  height  of  the  water  surface  in  important  cases.  This  consists  of  a  U»ng  grad- 
uated rod,  provided  at  its  foot  with  an  upturned  hook  or  point,  and  shdinfi" 
vertically  (by  means  of  a  screw  motion)  in  a  fixed  support,  to  which  is  attached 
a  vernier  indicating  on  the  scale  the  neigh t  of  the  point.  The  sliding  rod  .is 
first  run  down  until  the  point  is  well  below  the  surface,  and  then  gradually 
raised  by  means  of  the  screw  until  the  point  just  reaches  the  surface,  which  is 
indicated  by  the  first  appearance  of  a  "pimple"  in  the  water  surface  imme- 
diately over  tbe  hook.  IJnder  favorable  circumstances  a  good  liook-gauge  may 
be  read  within  from  .0002  to  .0005  foot. 

(J)  To  avoid  inaccuracies  due  to  the  distnrbanee  of  the  snrfaee  by 

the  current,  by  wind,  etc.,  the  level  is  sometimes  taken  (with  the  hook-gauge  or 
otherwise)  in  a  side  chamber  which  communieates  with  the  main  channel  of 
approach.  The  surface  in  the  chamber  maintains  the  same  level  as  that  in  the 
channel  itself,  but  is  comparatively  free  from  disturbance.  Or  a  bucket  com- 
municaring  with  the  channel  by  means  of  a  pipe,  can  be  made  to  serve  in  tbe 
same  way.  Either  may  of  course  be  sheltered  from  the  wind.  Caution. 
Messrs.  Fteley  and  Stearns  found  that  when  the  bucket  or  chamber  communicated 
with  the  water  neitr  the  bottom  and  eloat  behind  the  weir,  the  head  thus  obtained  was 
generally  somewhat  greater  than  that  found  by  measurement  near  the  surface 
and  6  feet  back  from  the  weir.  But  Mr.  Francis  found  the  difference  scarcely 
perceptible. 

(If)  Great  care  is  necessary  in  adjusting:  the  hooic-graug-e  for  the 
heigrht  of  the  crest;  for  any  error  in  this  affects  all  the  subsequent  experi- 
ments. The  hook  is  usually  adjusted  to  tbe  heightof  tbe  surface  when  the  latter 
just  reaches  the  level  of  the  crest ;  but  this  method  is  rendered  inaccurate  by 
capillary  attraction  at  the  crest.  A  more  accurate  method  is  to  have,  in  addition 
to  the  hook-gauge,  astout/iar<t«;  hook,  pointing  upward,  the  level  of  which,  rela- 
tively to  that  of  the  crest,  may  be  ascertained  by  means  of  an  engineer's  level, 
holding  the  rod  on  the  crest  and  also  on  the  point  of  the  fixed  hook.  The  water 
surface  is  then  allowed  to  fall  slowly  until  a  "  pimple  "  just  appears  over  the  fixed 
hook.  It  is  then  kept  at  that  level  and  the  hook-gauge  adjusted  accordingly. 
Or  if  the  gauge-hook  is  a  stout  one,  the  levelling  rod  may  be  set  at  once  upon  its 
point  without  having  recourse  to  a  fixed  hook.  It  is  better  to  adjust  the  hook- 
gaugu  so  as  to  read  zeiv.  for  the  crest  level,  which  is  thus  made  the  datum ;  for 
the  reading  of  the  book-gauge  for  the  water  surface  then  gives  the  head  H  at 
once,  and  without  subtracting  the  height  of  the  crest. 

*  Hnok-ganges  are  furuisihed  by  Buff  <&  Berger,  9  Province  Court,  Boston,  Mass.,  at 
from  $15  to  $60  each,  according  to  size  and  cuustructiou. 
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(2)  FormalaB  for  weir  dtocharse* 

Let 
^  =  the  actual  discharge  over  the  weir,  in  cubic  feet  per  second  ;  * 

S  =  the  theoretical  discharge  over  the  weir,  in  cubic  feet  per  aeooud*, 
=11' t  =  the  vertical  distonoe  or  head  n  m,  Vig.  24,  p.  267  g,  in  feet,*  nieasured 
from  the  crest  a  to  tiie  horizontal  surfiice  o'of  ttiU  water  up-stream  froiu 
the  »*eir; 
I4  =  the  length  a  a  of  the  weir,  in  feet,*  Figs.  21  to  22  a ; 
ff    =  the  acceleration  of  gravity  =  say  S2.2  feet*  per  second.    See  Art.  I,  p.  3C2. 

c     =  ooefficieut  of  dischajure  =  -r — t—t- — ^ —  =     . ; 

^       theoretical  diMiharge       Q" 

2 


3 


=  "3  «  i^^^m^^ «=  say  5.86 e  -- 


'■  say  8.025  m. 


(1) 


Se&foot-noteB 


roi-  ■.««  YNiue  «i  sue  coemcieni  \e^  nt,  or  xi)  we  nave  recourse  u> 
experiment,  measuring  the  actual  discharge  aud  comparing  it  with  tlie  theoret- 
ical c~~    ~~  '~  ''      '-»«----•  '-■- 


Then,  for  the  theoretieal  dischars^,  we  hav« 

4l'=|LH,/27H;i 

aud  for  the  aetnal  discbarye, 

=  I  e  L  H  i^TfR (2) 

=  M  L  H  |/2^^     (3) 

=  xLH>/Tr=xL  f^K^=  X  L  hI   .  .   (4) 

For  the  Talue  of  the  coelHetent  («,  nt,  or  x  t)  we  have  recourse  to 
eriment,  measuring  the  actual  dis  * 
one,  as  in  tite  following  articles. 

*  The  formulfe  apply  equally  to  any  system  of  measures  as  the  English,  the  metric, 
etc.  It  is  requisite  merely  that  the  head,  the  length  and  the  acceleration  of  gravity 
(a)  be  all  in  the  acme  unit,  as  all  in  feet,  or  all  in  meters,  etc. ;  and  the  discharge  in 
we  cube  of  that  unit.    In  metric  measure,  g  =  9.81  meters  per  second. 

t  fbr  the  present  we  suppose  the  head  to  he  measureil  to  fttul  water,  so  that  H  =  H'. 
When  this  is  not  the  case,  see  **  Velocity  of  Approach,"  Ait.  14  («),  etc.,  p.  267  g. 

X  It  will  be  noticed  that  the  formulie  (2),  (3)  an<i  (4),  with  their  corresponding  coef- 
ficients, c,  m,  and  «,  are  really  identical,  differing  only  iu  f<»mi.  The  last  is  the  most 
convenient  in  practice,  but  alL«re  met  with  in  works  on  hydraulics. 

I  When  water  Issuas,  nhder^  head  H,  from  a  koru<mt*d  orifice  in  the  6oUom  of  a 
vessel,  the  theoretical  velooit3C(Art.  7,  p.  257)  is  =  |/2yir;  and  this  may  be  regarded 
as  true  also  for  vertical  orifices  in  the  side*  of  vessels,  provided  the  head  U  to  the 
center  of  gravity  of  the  oiifice  is  at  least  two  or  three  timeri  the  vertical  dimension 
of  the  orifice;  for  in  both  cases  the  theoretical  velocities  through  the  several  parts 
of  the  orifice  may  be  taken  as  e^HoI.  But  wlieii  a  vertical  orifice  is  nearer  to  the  sur- 
face, or  when  it  rtuclien  to  the  surface  as  in  the  case  uf  a  weir,  we  must  take  into  con- 
sideration the  diffei-enoee  lu  the  velocities  with  which  tho  water  issues  from  points  at 
different  depths. 

Tlteoretically,  the  particles  pass  the  oblique  plane  ao\  Fig.  23,  in  horizontal  linen, 
with  velocities  (=  ylgfT^  8  026  j/S)       ^ 

proportional  to  the  square  roots  of  O  nv      W 

their  several  vertical  depths  ft  (not      "^^      '  ""-==-— .^     .T'^^-^^'^TJ  T" 

indicated  in  fig.)  l>elow  still  water 

snrface  at  o'.    Therefore  if  from  a  m 

iwe  inuigine    horizontal  lines  a  a', 

dd\  9  v\  c  c',  etc.,  etc ,  to  be  drawn, 

representing  all  these  velocities  to 

any  scale,  then   the  outer  ends  a', 

if,  r*,  c',  et<'.,   etc.,    of  these  lines 

will  form,   with  a  m    and    a  a',  a 

parabolic  sejnnent  «  m  c'  a\  the  ai*ea 

of  which  is : 

2 
area  =>=  -  area  of  rectangle  a  m  (see  Parabola,  p.  152)  = 

3  3 

and  tills  area  in  square  feet,  nuiltiplied  by  the  thickness  of  the  escaping  sheet  of 

18 
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(9r»)  Mr.  James  B.  Francis  *  experimented  at"  the  lower  loeks,"  Lowell, 
Mass.,  in  1852,  with  weirs  10  feet  lone,  5  feet  and  2  feet  high,  under  heads  from  7 
to  19  inches.    To  apply  his  results,  tne  following  conditious  must  exist: 

The  head  H,  Fiar.  20,  must  be  between  6  and  24  inches.  The  height/)  of  the 
vertical  back  of  the  weir  above  the  bottom  b  of  the  channel  must  be  at  least 
twice  the  head  H.  The  crest  a  must  be  "  iu  thin  partition  "  (foot-note  t  p.  260), 
and  its  length  L,  Fi^.  21  to  22  a,  must  be  at  least  3  times  the  head  H.  The  end(s 
ah^ah  must  be  Vertical,  and,  when  there  is  end  contraction,  "  in  thin  partition." 

When  there  is  end  contraction,  Mr.  Francis  first  deducts  from  the  actual  length 
L  of  the  weir  one  tenUi.  f  of  Ote  liead  H  for  eack  end  where  contraction  occurs. 
Thus,  if  H  —  the  number  of  end  contractions  (two.  in  Fig.  22;, 


Q  =  x(L~n  f )  H  /H  =  x  (l-h^-)  H^t 

InFig.22,Q  =  x/L-^j  H  |^H.  f  -a;  (^-y)  H* 


(5) 


But  within  the  limits  specified  above,  the  formula  is  very  approximate  wUhont 
correction  for  end  contraction,  provided  the  length  L  of  the  weir  is  at  least  10 
times  the  head  H ;  and  within  6  per  cent,  of  the  truth  when  L  is  =»  4  H.  When 
there  is  no  end  contraction,  of  course  no  such  correction  is  required,  and  the 

formula  remains  Q  =  x  L  H  ^KX  =  «  L  H^  • 

Mr.  Franeis  %i\em  x  =  3.33  tat  feet  \  \  or 

n.«     ..  «««w  /i       ...  number  of       ^  head  H\  ,,  __f  ^ 

Dlsetorc  - 8.3S  X  (length  -  ^^^  ^„^,„y„„,  X  — jj-j  X  H»  J 

the  mean  of  his  88  experiments  being  3.3318.  The  least  value  of  x  obtained  bj 
him  was  3.3002,  or  1  in  112  less  than  3.33;  and  the  greatest  was  3.3617,  or  1  in  105 
more  than  3.33.  Hence,  with  x  =»  3.33.  the  formula  will  give  the  diseharge  for 
each  of  his  experiments  within  1  per  cent.  In  67  out  of  the  88  experiments 
X  ranged  between  3.32  and  AM,  and  in  53  between  3.32  and  3.34.  When  x  is  3.33, 
m  is  =  0.415,  and  e  is  =  0.6*22.    Compare  foot- note  g  p.  267  c. 

The  height  of  the  surface  was  measured  six  feet  oack  from  the  weir  by  two 
hook-gauges,  one  on  each  side  of  the  channel ;  and  the  mean  of  their  readings 
was  used  in  calculating  the  coefficient  x. 

F«r  table  of  msebargres  by  ilie  Francis  forinnla,  see  p.  267  b. 

water,  or  length  L  of  weir,  in  feet,  gives  the  theoretical  discharge  in  cubic  feet  per 
second.    Or 

Q' =c  L  X  area  a  tn  </ o' =  L -X*H  i/ffgir. 
9 
Hence,  area  ame'a'intq.  ft.  repments  the  theoretical  disch.  in  cnb.  ft  per  sec.  over 
1  ft.  length  of  weir,  under  head  H.  The  theoretical  mean  ve/.  through  the  section  a  o'  is 
_-  ,        theoretical  discharge  Q'        2  _  _  ,. — _      ^  „       2    « _- 

or  two  thirds  of  the  theoretical  hnri. 

'  zontal  velocity  a  o'  of  the  particles 

passing  Immediately  over  the  weir. 

As  in  the  esse  of  orifices  (Art  9, 

p.  260),  the  actual  veL  at  the  tmaffeaC 

tection  of  the  sheet  after  passing  the 

^  ^  weir  (corresponding  to   the  *'  vena 

FllP.23      rtir— -X  ~  "V ~1^^        contracta")  is  probably  very  nearly 


equal  to  this  theoretical  velocity^ 
*  "  Lowell     Hydraulic     Experi- 


ments," Van  Nostrund,  New  York. 

1883. 

t  In  Messrs.  Fteley  and  Stearns*  experiments  this  figure  was  not  constant  at  0.10, 

but  varied  between  0.061  and  0.124,  generally  increasing  as  the  bend  decreased. 

J  We  here  8upp.»8e  the  head  to  be  measured  to  the  surface  of  utill  water,  so  that  H 

*"2«y  ^*®®  ^^  ^*  *♦  P-  2^^)  *■**  ^***»  ^"»«-    S«o  Velocity  of  Approach,  Art.  14  (*•, 
p.  267  g.  .r  f  r  ,  \    , 

{  Since  1  meter  «  8.2808  ft,  the  value  of  x  for  metric  measure  corresponding  to  Mr. 
Francis'  3.33,  i»  —  3.33  -i-  |^3.28Ud  »3.33  -i-  1.8113  =-  1.838. 
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^to  IS.*    Dlseliaripc^  lu  «iiMc  feet  |»er  »e<»ond  f6r  each  A»«t 

iM  lengptli  of  weir  in  thin  plate  and  without  end  contraction,  by  the  Francis 

formula:  DIseliHrge, Q  =-.  a33  L  hI  «  3.33  L  H  ^K. 

Very  approximate  also  when  there  is  end  contraction,  provided  that  L  is  at 
least  =  10  H ;  and  but  about  6  per  cent  in  excess  of  the  truth  if  L  »  4  H.  Mr. 
Francis  limits  the  formula  to  heads  H  from  0.5  foot  to  2.0  feet,  but  no  serious 
error  will  result  from  using  the  table  for  any  of  the  heads  giren.  For  weira 
of  otber  leniptlis  than  1  foot,  multiply  the  tabular  discharge  by  the  actual 
length  in  feet.    .01  foot  =  0.12  inch  =  scant  %  inch. 


Hewl,  H, 

Cab.  ft. 

H«wl.  H, 

Cab  ft. 

Head, H, 

Cub.  ft. 

iBft. 

per  MO. 

laft. 

per  tec. 

Id  ft. 

per  Me. 

.01 

0.008 

M 

T2I8 

1.01 

8.880 

.02 

0.000 

.52 

1.249 

1.02 

8.430 

.03 

0.017 

J» 

1.285 

1.08 

8.481 

.04 

0.027 

M 

1.321 

1.04 

8.532 

.05 

0.037 

.55 

1.858 

1.06 

8.683 

.06 

0.049 

.56 

1.893 

1.06 

8.634 

.07 

0.062 

.57 

1.433 

1.07 

8.686 

.08 

0.075 

^S 

1.471 

1.08 

3.737 

.09 

0.090 

M 

1.509 

1.09 

8.790 

.10 

0.105 

.60 

1.548 

1.10 

3.842 

.11 

0.121 

.61 

1A86 

1.11 

8.894 

.12 

0.138 

.62 

1.626 

1.12 

3.947 

.13 

0.136 

.63 

1.665 

1.13 

4.000 

.14 

0.174 

.64 

1.705 

1.14 

4.053 

.15 

0.193 

.65 

1.745 

1.15 

4.107 

.16 

0.213 

.66 

1.786 

U6 

4.160 

.17 

0.233 

.67 

1.826 

1.17 

4.214 

.18 

0.254 

.68 

1.867 

1.18 

4.268 

.19 

0.276 

.69 

1.909 

1.19 

4.328 

.20 

0.298 

.70 

1.960 

1.20 

4.877 

.21 

0.320 

.71 

1.992 

1.21 

4.432 

.22 

0.344 

.72 

2.034 

1.22 

4.487 

.23 

0.367 

.73 

2.077 

1.23 

4.543 

.24 

0.392 

.74 

2.120 

1.24 

4.598 

.25 

0.416 

.75 

2.163 

1.25 

4.654 

.26 

0.441 

.76 

2.206 

1.26 

4.710 

.27 

0.467 

.77 

2.2.M) 

1.27 

4.766 

.28 

0.498 

.78 

2.294 

1.28 

4.822 

.29 

0.520 

.79 

2.838 

1.29 

4.879 

.80 

0.547 

.80 

2.883 

1.30 

4.936 

.81 

0JS75 

.81 

2.428 

1.31 

4.993 

M 

0.603 

.M 

2.473 

1.32 

6.050 

A3 

0.631 

.83 

2.51S 

1.33 

5.108 

.34 

0.660 

.84 

2.564 

1.34 

6.165 

A5 

0.690 

.85 

2.610 

1A5 

5.223 

.86 

0.719 

.86 

2.656 

1.36 

6.281 

JJ7 

0.749 

.87 

2.702 

1.37 

6.340 

.as 

0.780 

.88 

2.749 

1.38 

6.39B 

.39 

0.811 

.89 

2.796 

1.39 

6.467 

.40 

0.842 

.90 

2.843 

1.40 

6.616 

.41 

0.874 

.91 

2.891 

1.41 

6.575 

.42 

0.906 

.92 

2.939 

1.42 

6.6a5 

.43 

0.939 

.93 

2.987 

1.43 

6.694 

.44 

0.972 

.94 

3.035 

1.44 

6.754 

.45 

1j005 

.95 

3.083 

1.45 

5.814 

.46 

i.o;i9 

.96 

3.132 

1.46 

5.875 

A7 

1.073 

.97 

8.181 

1.47 

6.935 

.48 

1.107 

.9ft 

3.231 

1.48 

6.996 

.49 

1.142 

.99 

3.280 

1.49 

6.057 

JIO 

1.177 

1.00 

8.08O 

1.50 

6.118 

9.489 
9.660 
9.631 
9.708 
9.774 
9.846 
9.917 
9.989 
10.062 
10.134 
10.206 
10.279 
10.352 
10425 
10.498 
10.671 
10.645 
10.718 
10.792 
10.866 
10.940 
11.015 
11.089 
11.164 
11.289 
11814 
11.889 
11.464 
11.540 
11.616 
11.691 
11.767 
11.843 
11.920 
11.996 
12.073 
12.150 
12.227 
12.804 
12.381 
12.459 
12.636 
12.614 
12.692 
12.770 
I  12.848 
1  12.927 
13.005 
I  13.084 
13.163 


*  Table  13  is  an  extension  of  the  **  original  **  table  published  in  our  first  edition, 
1872.  Most  of  the  values  now  given  are  taken,  by  perniit8i«)n,  from  a  table  publlBlied 
by  Messrs.  A.  W.  Hunking  and  Frank  8  Hart,  of  Lowell,  Mass.,  in  May,  ItfM. 
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(n)  XfeMM.  A.  FAelejr  mmd  F.  P.  fikteamii  •  exiMHrnented  at  BMrton, 
Miias.,  in  1877-79,  upon  weirs  5  feet  and  19  feet  long,  3  feet  2  incheu  and  6  feei  6^ 
'inches  hisli,  and  under  heads  from  0.8  inch  to  19  inches.  For  weirs  in  thin  par- 
tition and  without  end  contraction,  with  a  rectangular  and  nniform  channel  of 
approach  and  under  heads  greater  than  0.07  foot  or  0.84  inch  (other  conditions 
as  specified  in  (6)  and  (d;),  their  formula  is: 

Blseliarijre,  Q  =  3.31  L  fii  +0.007  L  \ 

=  0.4125  L  H  »/27B  +  0.007  L    /  *  *   '   *    ^  ^' 

In  their  experiments,  the  heads  were  measured  six  feet  back  from  the  weir. 
The  total  variation  in  the  values  of  the  coetficients  obtained  was  about  2)^  per 
cent.    Compare  foot-note  g  below. 

(m)  in.  Basing  experimented  at  Dijon,  France,  in  1886-88,  with  weirs  from 

t^  about  IK  to  6V^  feet  long,  from  about  9  inches  to  a  feet  9  inches 

S  lugh,  and  under  heads  from  2U  to  21  inches.    The  top  of  the 

weir  is  showa  in  Vig.  23  a.   The  weirs  were  placed  at  diflTereut 

points  in  a  rectangular  and  regular  canal  700  feet   long, 

smoothly  lined  with  cement.    Con^pare  foot-note  §  below. 

While  Mr.  Francis  and  Messrs.  Fteley  and  Stearns  provide 
for  the  effect  of  velocity  of  approach  (see  Art.  14  w  and  v)  by- 
modifying  the  measured  AeoJ  H,  M.  Bazin  includes  it  in  the 
cofficierU  m  in  the  formula  Q  =»  r»  L  H  ^2  ^H".  After  compar- 
ing his  experiments  with  those  of  Messrs.  Fteley  and  Stearns, 
^(Art.  14  Ti  and  v),  he  gives,  for  m,  in  cases  where  there  is  no 
*  velocity  of  approach,  the  values  M  in  the  last  column  of  Table 
13,  or,  very  approximately, 
8  /  No  velocity  of  approach, \  w  _  «  1^-   .  0-003 

[      H  and  H' identical      j  ^^ -"•*«>  +     h    * 
When  velocity  of  approach  is  to  be  taken  into  account : 

Fig.  23  a.  m  =  M  fl  +  0.55  (sz^  y]  .  .      .  .    (7) ; 

Measurements       ,         „  .     ,   L       ,         ^V,  "'"^'    J    ,  • 

in  meters.        where  H  is  the  head  actually  measured  to  running  water, 
and  p  is  the  height  a  6  of  the  weir,  Fig.  20.    H  and  p  must  of 
course  both  be  measured  in  the  same  unit,  as  both  in  meters,  or  both  in  feet,  etc. 
See  Note,  p.  267  d. 

M.  Bazin  believes  that  except  in  the  case  of  very  low  weirs  (which  should  be 
avoided)  the  values  of  m  given  by  formula  (7)  and  in  Table  14  ealcalated  fit>m 
it.  will  be  found  within  1  per  ceani.  of  the  truth  for  weirs  in  thiq  partition  and 
without  end  contraction,  if  the  conditions  of  his  experiments  are  exactly  repro- 
duced, and  provided  especially  that  the  sheet  of  water  is  not  allojved  to  expiand 
laterally  after  passing  the  crest  (Art.  14  (d))  and  that  the  air  has  free  access  to 
the  space  w,  Fig.  20,  behind  the  falling  sheet  of  Water. 

P'or  heads  between  4  inches  and  1  foot,  M.  litozin  gives,  as  snfQelently  mp- 
proxlmate, 

when  there  is  no  velocity  of  approach,  M  =^  0.425,g 

and,  to  allow  for  velocity  of  approach,  m  =«  0.425  +  0.21  (||-t~  )• 

*  Transactions,  American  Society  of  Civil  Engineenv,  Jan.,  Feb.  and  March,  188a. 

t  See  C4>rrection  for  Velocity  of  Approach,  Art  14  («),  p.  267  g. 

i  Experiences  nouvelles  sur  r6coalement  en  dSversoir.  Extrait  des  Annales  des 
Ponts  et  Chaussi^es,  Oct.,  1888.  Paris,  Vve  Ch.  Dunod,  1888.  Translation  by  A. 
Marichal  and  John  C.  Trautwine,  Jr.,  presented  to  Engineers*  Club  of  Philadelphia, 
in  1889,  for  publfcation  in  its  Proceedings. 

^  This  would  make  x  »  3.41  (since  x  =  m  y2g  =»  8.025  m) ;  whereas  Mr.  Francis 
gives  X  =  3.33,  wbich  agrees  very  well  with  Messrs.  Fteley  and  Steams,  within  the 
limits  of  Art.  14  (m).  Yet.  M.  Bazin  measured  the  head  16  feet  back  from  the 
weir,  while  the  other  experimenters  measured  it  only  6  feet  back,  and  the  slight 
increase  of  heed  thus  obtained  by  M.  Bazin  would  of  itself  have  made  his  coefficient 
loioer  than  theirs.  Its  excess  may  be  largely  due  to  the  character  of  the  channel  of 
approach,  which  in  his  case  was  from  .'Vn  to  700  feet  long,  rectangular  and  regular  in 
ci-os-.gection,  and  smoothly  coated  with  cement.  In  the  other  experiments  it  waa 
luudi  leas  regular. 
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TlOlle  14.    Talnes  of  m,  in  the  fonnala 

Q=i»LH  yTffH  ...  or 

in^Jib*ft!pe?tSc.  =  "*  X  ^®"^*^'  ^"  ^-  X  '"^as'*^  ^^^^  ^»  '^•*  X  v^JTHTR; 
by  M.  Bazin'8  formula  (7) :  m  =  M  f  [l  +  0.55  (-J?  -  Y^X    For  M,  see  last 


column  of  table.    Or,  very  approximately,  M  =  0.405  + 


H 


Compare  foot- 


note §  p.  267  e. 

Note.  The  coefficient  m,  for  any  eiven  case,  remains  the  same  for  English, 
metric  or  other  measure;  provided  the  head,  the  length  and  g  are  nil  uieasuied 
in  the  same  unit,  and  the  discharge  in  the  cube  of  that  unit ;  for  m  is  simply 

2  _  2^  w       actual  discharge 

3  ^  ~~  3     .    theoretical  discharge  * 

It  will  be  noticed  that  below  the  heavy  lines  the  head  H  is  greater  than 
^  height i>,  aud  thus  exceeds  the  limit  laid  down  in  (f )  and  (in). 


HeadH,Flg.24,p.  aSTp. 


.06 
.09 

.10 
.U 
.14 
.16 
.18 


.26 

.28 


.34 
M 
.38 

.40 


.50 
.52 


approximate 


feet,      ioohes. 


.164 
.197 
.230 
.362 
.296 


.394 
.459 
.525 
.591 

.656 
.T22 
.787 
.853 
.919 

.964 
1.060 
1.116 
1.181 
1.247 

1.312 
1.378 
1.444 
1.509 
1.575 

1.640 
1.706 
1.772 
1.837 
1.903 
1.969 


1.97 
2.36 
2.76 
3.15 
3.54 

3.94 
1.72 
5.5l 
6.30 
7.00 

7.87 
8.66 
9.45 
10.24 
11.02 

11.81 
12.60 
13.39 
14.17 
14.»6 

15.75 
16.54 
17.32 
r8.21 
18.90 

19.69 
20-47 
21.26 
22.05 
22.83 
23.^ 


Height,  p.  Fig.  20.  of  crest  of  weir  above  bed  of  up-stream  obnnel. 


' 

meters  0.20     0.30     0.40     0.50     0.6D     0.80     1.00     1.50      2.00 

'i 

feet       0.666   0.984    1.312    1.640    1.969   2.624   8.280   4.920   &660     .  2 

§L 

Inches  7.87    11.81    15.75    19.69   23.flB   3150  89.38   69.07     78.76   ^^ 

Bim.niniiiininininiMt 

.458  .458  .451  .450  .M9  .449  .449  .448  .448  .4481 

.456  .450  .447  .445  .445  .444  .443  .443  .443  .4427 

.455  .448  .445  .443  .442  .4J1  .440  .440  .439  .4.'»1 

.456  .447  .443  .441  .  .440  J68  .439  .4*7  .tf7  .4363 

.457  .447  .442  .440  .438  .436  .436  .435  .434  .4340 


.459 


447  .442  .4.39  .437  .435  .434  .433  .433  .4322 

448  .442   .438   .4.36  .433  .432  .430  .430  .4291 
450   .443   .4:{8   .435  .432  .430  .428  .428  .4267 

4:{5  .431  .429  .427  .426  .4246 

4^1  .445   .439   .436  .Mf  .428  .426  .425  .4229 


440  .436  .431  .428  .425  .423  .4215 

442  .437  .431  .128  .424  .423^  .4203 

.452 1  .444  .4.18  .482  .428  .424  .422  .4194 

.455   .4461  .440  ^32  .429  .424  .422  .4187 

472   .457   .4481  .441  .433  .429  .424  .422  .4181 


.500  .475  .4(te  .450 1  .443 

.478  .462  .452  THT 

.481  .464  .454  .446 

.488.  .467  .456  .448 

.486  .469  .468  .449 

.489  .472  .459  .451 

.491  .474  .461  .452 


.494 
.496 


.476 
.478 


.463     .454 
.465      .456 


.480  .467  .457 

.482  .468  .459 

.483  .470  .460 

.485  .472  .461 

.487  .473  .463 

.489  .475  ,464 

.490  .476  .468 


.434 

.no 

.436 

.4.W 

.437 

.431 

.439 

.4.'»2 

.*S9 

.432 

.440 

.433 

Mi 

.4.14 

A4t 

.485 

.443 

.4.15 

.444 

.436 

.445 

.487 

.446 

"rs? 

.447 

.438 

.448 

.4.19 

.449 

.440 

.461 

.441 

.424  .421 

.424  .421 

.424  .421 

.424  .421 

.424  .421 

.424  .421 

.425  .421 

.«25  .421 

.4,c5  .421 

425  .421 

.426  .421 

.426  .421 

.426  .421 

.427  .421 

.427  .421 

.427  .421 


.4174 
.4168 
.4162 
.4156 
.4150 

.41U 
.41.19 
.4134 
.4128 
.4r22 

.4U8 
.4112 
.4167 
.4101 
.4096 


Owing  to  the  wide  range  of  the  head  H  and  of  the  height  p  in  th^e  experi- 
ments, we  find  in  them  a  wider  diverirenee  in  the  values  of  the  coefficient 
than  resulted  from  the  earlier  inve-stigations.  Thus,  the  smallest  value  of  m 
above  the  heavy  lines  is  0.4092,  or  about  One  nineteenth  less  than  the  meaVi, 
0.4325 ;  and  the  greatest  is  O.-ISO,  or  about  one  sixteenth  more  than  0.4325. 

*  In  these  experiments,  the  head  H  was  measured  at  a  point  5  meters  (16.4  ft )  luick 
from  the  weir;   The  correction  for  velocity  of  approach  is  contained  in  the  coefflcientm. 

t  M  is  the  value  of  m  when  thwe  is  no  velocity  of  approach  ;  ».  «.,  where  the  croes- 
neetion  of  Hit.  chanii^  of  approach  is  indefinitely  gr^  compared  with  that  of  the 
stream  ot  water  passing  over  the  weir. 
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( p)  From  a  comparison  of  a  numb.'r  of  experimental  data,  tbe  »atJ 
deduced  the  fuJowiug 

Table  15.    Approximate  valae«  of  the  eoeffielent  m  iu  the 

fomiiila : 

for  weirs  of  several  different  shapes  and  thicknesses.    (Original.) 


3  ft.  thick : 

Head,  H. 

Sharp  lEdfe.* 

3  Inches 
thiok. 

smooth :  slou- 

iug  outward 

and  downward, 

S  n.  thick  : 

smooth ;  aiHl 

lerd. 

Feet. 

Inches. 

from  1  in  IS  to 
I  in  18. 

m 

Ill 

m 

ni 

.0833 

.41 

.37 

.32 

.27 

.1666 

.40 

.38 

.34 

.30 

.23 

.40 

.89 

.84 

.31 

.8338 

.40- 

.41 

.sa 

.31 

.4166 

.40 

.41 

.35 

.82 

.5 

.39 

.41 

.35 

.33 

.5883 

.89 

.41 

.35 

.32 

.6666 

.89 

.41 

.34 

.31 

.8333 

10 

.38 

.40 

.34 

.31 

1. 

12 

..38 

.40 

.33 

.31 

2. 

24 

.87 

.89 

.32 

.30 

3. 

86 

.37 

.39 

.32 

.30 

iq)  To  And  tbe  head  H,  approxtmately ;  having  the  discharge  Q. 

According  to  formulae  (3;  and  (4),  Art.  14  (/),  p.  267, 

Q  =  m  L H  f^2glR  =  x  LH  |/H  =  »  L  >^|^H»,  =  « L »^H», 


Hence 


Head,  H, 

approximately 


-V 


(8) 


(square  of  discharge  of  stream,  in  cub,  ft.  per  sec. 
»»•  X  length*  X  64.4 


/sg-  of  discharge^ 
"^  'V     x"  X  length'  ' 
The  coefficient  m  or  z  itself  varies  somewhat  with  the  head ;  but  the  formula 
mav  be  usefully  employed  as  an  approximation  by  taking,  for  sharp-crested 
weirs,  m  =  u.41o  (»*■  =  0.172)  or  «  =  3.33  (r«  ==  11).    For  other  shapes,  see  Table 
15,  above. 

(r)  Submerir^d  wetrs,  Fig.  23  b,  are  tho«e  in  which  the  surface  of  the 

_«_ (fotwi-stream  water  at  A,  after  the  construction 

T    -■!;;,,—-— ——T'  of  the  weir,  is  higher  than  the  crest  a. 

if  ~ »^^^!^^  ^       In  ft  weir  discharging  freely  into  the  air,  as 

»-'  ^  ^-^  *  in  Fig.  20,  Mr.  Francis  found  that  with  a  head 
of  1  foot  the  discharge  was  diminished  only 
about  one  thousandth  part  by  placing  a  solid 
horizontal  floor  about  6  inches  below  and  in 
front  of  the  crest  of  the  weir  for  the  water  to 
fall  upon.  Also,  when  the  head  was  10  inches,  and  the  water  fell  freely  through 
the  air  into  water  of  considerable  depth  (as  in  Fig.  20),  the  quantity  discharmd 
was  the  same  whether  the  surface  or  the  down-stream  water  was  about  3  inches 
or  about  13  inches  below  the  crest  a. 

in  experiments  by  Mr.  Francis  and  by  Messrs.  Fteley  and  Stearns,  with  air 
freely  admitted  underneath  the  falling  sheet  of  water  just  below  the  crest  a^he 
discharge  was  not  appreciablv  affected  bv  a  submergence  of  A  =  from  0.017  H  to 
0.023  H.  When  aix  was  oolypartlallv  admitted,  the  discharge  was  affected  (iit- 
crttoieii)  by  less  than  one  per  cent.  wHile  h  remained  less  than  0.15  H. 


Fi«.23b 


*  ThM«  vshi^  an^  tower  than  those  given  in  Art.  14  (m)  and  («),  and  much  lower 
than  thoM  in  (o).    Compare  foot-note  |  p.  267  e. 
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IHibnat's  forinnlit  for  snbaieriped  welm.    Let 

H  and  U  =  the  heads  measured  vertically  from  the  crest  a  of  the  weir  to  the 
surface  of  still  water*  up-stream  and  down-streaai  firom  the  weir, 
respectively. 

«f  3=H— A  =  their  difference  »  the  diflference  iu  level  between  the  up-stream 
and  downstream  surikoes  of  still-water  ;* 

e  «=  coefficient  of  discharge  =»  -r —    ,    ,  .,    /^-  . 

"        theoretical  discharge 
Then 

^  =  cl(a+|  d)  |/577;t (9)  or: 

^rc^l?/t'^r*sS^^  -  ^  ><  i^^iS^t  ><  «-^ 

(jv)  Messrs.  Fteley  and  St«f»ras  t  experimented  at  Boston  in  1877  with 
Bmbmersred  weirs  under  up-stream  heads  H  from  about  4  to  10  inches ;  and 
Mr.  Franels  ^  at  Lowell  in  1883  uuder  heads  fh>m  about  1  foot  to  2  feet  4 
inches. 

From  these  experiments  we  deduce  the  following 

Table  16,  of  approximate  values  of  the  eoefliele«(  e  in  the  formula  for 
discharge  over  sabmerfired  weirs. 


Q  =  cL(A  +  |d)  |^f73. 


Deduced  from  experiments  by  (teley  and  Stearns  and  by  J.  B.  Francis.  In 
Mr.  Francis'  experiments,  the  value  of  e  for  a  given  value  of  A  -i-  H  generally 
increased  as  H  mcreased. 


Fteley  and  Stearns. 

J.  B.  Francis. 

(H  «  0.826  to  0.816  feet.) 

(H  =  1  to  2.32  feet.) 

A  +  H 

e 

e 

.05 

.623  to  .632 

.10 

.625  to  .635 

.620  to  .630 

.20 

.618  to  .628 

.610  to  .625 

.80 

.600  to  .610 

.698  to  .615 

.40 

.590  to  -600 

MS6  to  .610 

.50 

.585  to  .695 

.685  to  .607 

.60 

.583  to  .593 

.586  to  .607 

.70 

.580  to  .690 

.685  to  .607 

.80 

.681   to  .591 

.685  to  ,607 

.90 

.690  to  .600 

.95 

.610  to  .615 

*  For  velocity  of  approach,  see  Art.  14  (u)  etc.,  p.  267  g. 

t  In  dedacing  this  formula,  the  water  that  passes  over  the  weir  between  e  and  b  is 
assumed  to  flow  as  over  a  weir  with  its  crest  at  b,  and  with  free  dischai^e  into  the  air, 
as  over  the  crest  a  in  Ilg.  20 ;  and  for  this  portion,  by  formula  (2)  in  Art.  14  {I),  the 
discharge  would  be : 

Qj  =  cL|d»/27T; 

while  the  water  that  passes  through  the  lower  portion  between  6  and  a  is  regarded  as 
flowing  through  a  submerged  vertical  orifice  whose  height  is  6  a  »  A,  under  a  head 
=s  d.  For  this  lower  portion,  therefore,  the  discharge  would  be : 
Q^  =  c  L  ft  yTg~3. 
It  is  assumed  that  the  coeificient  of  discharge  c  is  the  same  for  the  upper  section 
c  b  as  for  the  lower  one  a  b.  Hence,-adding  these  two  discharges  together,  we  obtain, 
for  the  entire  disharge: 


Q  =  Q6  +  Q«  =  cL(/i4-|  d)  V^d. 


I  Transactions,  American  Society  of  CMvil  Engineers,  March,  1883,  p.  101,  etc 
I  Transactions,  American  Society  of  Civil  Engineei-s,  Sept.,  1884,  p.  29S,  etc. 
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(t)  Mr.  Clemens  If  erseliel,*  comparing  these  experiments  with  some 
earlier  ones  by  Mr.  Francis,  gives  the  following: 

Uaving  ascertained  the  depths  H  and  A  of  the  crest  below  the  still-water  levels 
up-streaui  and  down-stream  respectively,  divide  h  by  H.  Find  the  quotient,  as 
nearly  as  may  be,  in  the  column  headed  A  -^  U  in  Table  17.  Take  out  the  cor- 
respoudinff  coefficient  a,  and  multiply  it  by  the  up-stream  head  U.f 

'the  product  aH  is  the  head  which  would  cause  the  given  weir  to  discharge 
the  same  quantity  freely  into  the  air,  as  in  Fig.  20.  Find  the  discharge  into  air 
over  the  given  weir  with  the  head  a  H ;  and  this  discharge  will  be  approximately 
the  same  as  that  of  the  actual  submerged  weir  under  the  up-stream  nead  H  and 
against  the  down-stream  head  A ;  or  (H  being  the  actual  up-stream  head  on  the 
stibnmrged  weir)  the  discharge  is 

Q=niLaH»^2yarH  =  af  LaH|/air". (10). 


TABI.E  17. 


A-^H 

'    a 

A-=-H 

a 

A-^H 

a 

.10 

1.000  to  1.010 

.45 

0.894  to  0.930 

.72 

0.762  to  0.784 

.20 

0.975  to  0.995 

.50 

0.874  to  0.910 

.74 

0.747  to  0.769 

.2o 

0.960  lo  0.9 W 

.55 

0.853  to  0.889 

.76 

0.732  to  0.752 

.30 

0..94O  to  0.973 

.60 

0.829  to  0.863 

.78 

0.713  to  0.733 

.35 

0.928  to  0.960 

.65 

0.8U3  to  0.833 

.80 

0.693  to  0.713 

-    .40 

0.912  to  0.946 

.70 

0.775  to  0.799 

in)  Velacity  of  approach. 


Fig.24 


See  Fig.  24.  It  is  generally  impractieaMe 
to  measure  the  head  H'  to  perfectly  still 
water  o'  up-stream.  The  head  is  usually 
measured  at  a  point  o,  from  2  or  3  to  6  or 
8  feet  or  more  up-stream  from  the  weir, 
according  to  the  size  of  the  latter.  At 
such  points  the  velocity  is  generally  ap- 

f>reciabie,  and  the  surface  therefore  a 
ittle  lower  than  at  o'.  Hence  a  formula 
using  the  smaller  head  H  so  measured, 
instead  of  H^  and  coefficients  based  upon 
H',  will  give  too  small  a  discharge.  Mr. 
Francis  found  that  a  current  of  1  toot 


I  '  I      i'rancis  lound  mat  a  current  oi  i  looi 

r — '>/2g(JI-¥n)^  per  second,  or  nearly  0.7  mile  per  hour, 
at  the  point  o  to  which  the  nead  was 
measured,  increased  the  discharge  but  about  2  per  cent,  when  the  head  wan 
13  inches;  and  a  current  of  6  inches  per  second  increased  the  discharge  about  1 
per  Cent,  when  the  head  was  8  inches. 

If,  however,  the  velocity  of  approach  is  such  as  to  require  consideration,  pro- 
ceed as  follows:  For  the  approximate  mean  velocity  of  approach,  we  have: 

3.33  L  nt 
area  at  o    ' 


approximate  discharge 


area  of  entire  cross  section  of  stream  at  o 

V* 

and,  for  the  head  due  to  this  velocity,  ^  =  «-    (or  see  Table  10,  p.  258). 
Then,  for  all  practical  purposes,  we  may  say :  H'  =  H  -}-  A ;  or 

Q  =  tn  L  (H  +  A)  y2g(K-r^  =  z  L  (H  -f  A)* 


(11) 


althongh,  strictly  speaking,  the  difference  of  level  between  o'  and  o  is  really 
(as  shown  in  Fig.  24)  somewhat  greater  than  A,  or  than  v*  -i-2g,  because  some 
head  is  lost  in  friction  between  o'  and  o. 


*  Transactions,  American  Society  of  Civil  Engineers,  May,  1885,  pp.  189,  etc. 

f  Mr.  Her8chel*8  table,  from  which  ours  is  condensed,  gives  a  for  every  0.01  foot  of 
A  -^  H ;  but  the  values  of  a  intermediate  of  those  we  have  selected  may  be  taken  tram 
our  table  almost  exactly  by  simple  proportion.  The  range  in  the  coefficient  a  in  the 
table  for  each  value  of  A  -{-  H  is  that  indicated  by  the  experiments,  which  varied 
similarly.  We  are  not  instructed  how  to  select  between  these  eztremct;  but  in 
most  cases  their  »ieaN  value  is  probably  nearest  right. 
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(r)  MesisrA.  Fteley  nnd  Stearns  make  W  =  K  +  i.li  hfor  suppressed 
weira,and  H'  =  H  +  2.05  h  for  weirs  with  complete  end  contractions,  as  averages ; 
and  Mr.  Hamilton  Smith,  Jr.,*  alter  comparing  their  experiments  with  others 
by  l^sbros,  Castel  and  Mr.  Francis,  gives  H'  =  H  -f  1J4  *i  and  H'  =  H  +  1.4  A,  for 
the  two  cases  respectively. 

(tr)  On  the  other  hand,  Mr.  Francis'  formula,  as  modified  for  velocity  of 
approach, 

Q  =  X  L  t  (»^(H  +  A)»  -  |/S^  =  w  L  t  fig'( i^lSTW-  V^)  t   •  .  .    (12), 
makes  the  effect  of  H'  less  than  that  of  H  +  A. 

(dt)  Messrs.  A.  W.  Hunfeliis  »n<l  Frank  H,  Kart,  Civil  Engineers, 
of  Lowell,  Mass.,  have  substituted  for  the  expression  (|/(H  +  A)*  —  yh^)  in 
formula  (12),  the  equivalent  one  K  ^H',  in  which  K  is  a  coctficient  deduced  from 
the  former  expression,  and  therefore  depending  upon  the  relation  between  H 
and  A,  or,  ultimately,  upon  that  between  the  cross-section  a  s  Fig.  24  at  the  weir 
■  and  the  entire  cross-section  of  the  stream  at  o. 

Having  found  the  area  of  cross-section  at  o,  divide  it  by  (  ^  ~"  **  iq  ) »  ^l»ich 

is  the  length  of  the  weir  corrected  for  contraction.    See  Art.  14  (m).    Call  the 
quotient  D.g    Divide  the  measured  head  H  by  D.     Find  this  last  quotient  in 

the  column  —  of  the  tuble.     Multiply  the  approximate   discharge,  Q  =  3.33 


I  L  —  n  —  J  Hz,by  the  corresponding  coefficient  K ;  or 
Actual  BIsctaaripe  Q  =  3.:h3  K  (l  —  n  ^^  h1 


Table  18.    f^oeffielent  K  In'forninla  (13). 


.  .  .   (13) 
See  also  p.  267  i. 


H 

K 

H 

K 

H 

K 

H 

K 

_H 

K 

D 

D 

D 

b 

D 

.01 

1.0000 

.09 

1.0020 

.17 

1.0072 

.24 

1.0143 

.31 

1.0239 

.02 

1.0001 

.10 

1.0025 

.18 

1.0081 

.25 

1.0165 

.32 

1.0254 

.03 

1.0002 

.11 

1.0030 

.19 

1.0090 

.26 

1.0168 

.33 

1.0271 

.04 

1.0004 

.12 

1.0036 

.20 

1.0100 

.27 

1.0181 

.34 

1.0287 

.05 

1.0006 

.13 

1.0042 

.21 

1.0110 

.28 

1.0195 

.85 

1.0305 

.06 

1.0009 

.14 

1.0049 

.22 

1.0121 

.29 

1.0209 

.36 

1.0322 

.07 

1.0012 

.15 

1.0056 

.23 

1.0132 

.30 

1.0224 

.87 

1.0341 

.08 

1.0016 

.16 

1.0064 

♦  "  Hydraulics,"  John  Wiley  &  Sons,  New  York,  1886. 

/  H  \ 

t  If  there  are  end  contractions,  L  here  becomes  I  L  —  n  rr  )  •     See  Art.  14  (m),  p. 

267  rt. 

X  This  formula  is  deduced  as  follows :  Let  the  area  of  the  paralwlic  segment  a  s  «', 
Fig.  24,  n-present  the  theoretical  discharge  over  a  weir  one  foot  long  (as  explained  in 
fout-note  g  p.  267)  imder  the  measured  head  H  =  «  «,  as  though  there  were  no  current 
'"  at  o.  Let  vfiK  —  h  =  v*-i-2  g.  The  theoretical  velocities  of  the  particles  passjng  the 
oblique  plane  o  a  under  their  actual  heads,  will  now  be  represented  by  horizontal  lines 
«»",  a  af\  etc.,  etc.,  drawn  from  every  point  in  «  a  to  the  otUer  curve  «"  o" ;  the  line  «  »" 
ri'presenting  v  =  velocity  of  approach  =  ^2  yA,  and  a  a"  representing  ^2  ^  (H  +  A). 
Then,  area  » if'  of' a 

2  2 

=  area  maf'  a  —  area  »»•"»=  -  -  area  of  rectangle  a  i|  —  —  area  of  rectangle  «  h 

=  |(h  +  A )  y2Tn5r-rsr-|-  A  f^jK,  =  \v^  (vT^T^*  -  v^) ; 

and  the  actual  discharge  is 
Q  =  c  X  length  of  weir  X  area  »«"  o"a  =  cL  — -  ^Yg  I |/(H  +  A)»  —  V^A 

- « L  v^(v(^TW-  v^")  =  a? L  (>/(H-+-AT»  -  i/p)- 

2  In  a  weir  without  end  contraction,  D  =  H  +  p.  Fig.  20,  p.  265. 
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K  is  very  approximately  —  ^  +  a   (  jy  )  •    Hence 

<^--['-i(?-n(''-»f)«* 

=  [3.33 +0.83  (^)'](l-»-^)h*.    .  .  .    («4) 

See  Journal  of  the  Franklin  Institute,  Philadelphia,  August,  1884,  ft'om  whicb 
we  condense  the  above  table, 
(w)  M.  Bazln,  see  Art.  14  (0),  provides  for  the  velocity  of  improftch  by  modi- 

/H  \« 
fying  the  coefficient  m  instead  of  the  head  H,  making  m  =  0.425  +  0.21  I  "5^  1  ; 

while  by  Messrs.  Hunking  and  Hart's  method  (^based  upon  Mr.  Francis'  expert- 

/H  \« 
ments)  m  becomes  =  0.415  +  0.10  (  jj  j  • 
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Art.  15.  If  the  Inner  face  of  Uie  weir  and  dnni«  InsteMl  of 
belniT  Tertlcal.  nn  ab,  ¥i§s.  80,  Is  sloped,  as  a  or  6,  Fig.  25.  the  con- 
traction on  the  crest  will  be  diminished;  and  consequently  the  discharge  will 


be  increased.  This  will  also  be  the  case  if  the  inner  corner  or  edge  of  the  crest 
be  rounded  off,  instead  of  being  left  sharp ;  or  if  the  sides  of  the  reservoir  con- 
verge more  or  lei«s  as  they  approach  the  weir,  so  as  to  form  wings  lor  guiding 
the  water  more  directly  to  it;  or  if  ab,  Fig  20,  be  less  than  twice  a  m.  Indeed, 
so  many  modifying  oircumstanoe*  exist  to  embsf ra«  ezperinieHts  on  this  and 
similar  subjects  that  some  of  those  which  have  been  made  with  great  care  are 
rendered  inapplicable  as  other  than  tolerable  approximations,  in  consequence 
of  the  neglect  to  take  into  consideration  some  local  peculiarity  which  was  not 
at  the  time  regarded  as  exerting  an  appreciable  effieet.  Unless,  therefore,  cir- 
cumstances admit  of  our  combining  all  the  conditions  mentioned  in  Art.  14  {d)^ 
if)  and  (m).  pp.  265,  266  and  267a,  thereby  securing  very  approximate  results,  we 
must  either  resort  to  an  actual  measurement  of  the  discharge  in  a  vessel  of 
known  capacity ;  or  else  be  content  with  rules  which  may  lead  to  errors  of  5, 
10,  or  more  per  cent,  in  proportion  as  we  deviate  from  these  conditions.  Fre- 
quently even  10  per  cent,  of  error  may  be  of  little  real  importance. 
Bbmabk  1.  When  the  water,  after  passing  over  a  weir,  Fig.  26,  instead  of  tall- 


Fig,  26. 

ing  freely  into  the  air,  is  carried  away  by  a  slightly  inclined  apron  or  trough,  T, 
the  floor  of  which  coincides  with  the' crest  a.  of  the  weir,  then  the  discharge  is 
not  appreciably  diminished  thereby  when  tne  head  a  m,  is  15  inches  or  more 
Pnt  if  the  head  a  m  is  but  1  foot,  then  the  calculated  discharge  must  be  reduced 
about  one-tenth;  if  6  inches,  two-tenths;  if  2}^  inches,  three-tenths;  and  if  1 
inch,  five-tenths,  or  one-half,  as  approximations. 

Remark  2.  Professor  Thomson,  of  Dublin,  proposed  the  use  of  triangular 
notches,  or  weirs,  for  measuring  the  discharge ;  inasmuch  as  then  the  periphery 
alwavs  bears  the  same  ratio  to  Uie  area  of  the  stream  flowing  over  it;  which  is 
not  the  case  with  any  other  form.    Kxperimenting  with  a  right-angled  triangular 


Fig.  26  A. 

notch  in  thin  sheet-iron,  Fig.  26  A,  with  heads  of  from  2  to  7  inches,  measured 
vertically  from  the  bottom  of  the  notch  to  t/te  level  surface  of  the  quiet  water,  he 
found  discharge  in  cubic  feet  per  seeond  » .0051 X  v^^^tH^werof  headfiTiHoii^ 
(For  such  roots,  see  tables,  p.  253.) 
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OW  THE  FI.OW  OF  WATER  IW  OPEN  €HAIiriirEI«S. 

Art.  16.  The  mean  yelocily  of  fluw  is  an  iniagiuary  uniform  one, 
which,  if  given  to  the  water  "at  every  point  in  the  cross  section,  would  give  the 
same  discharge  that  the  actual  uuuniform  one  does.    Or 

volume  of  discharge 

mean  Telocity  = ^ ^ 

area  of  cross  section 

In  channels  of  uniform  cross  section,  the  inaximnm  velocity  is  found 
about  midway  between  the  two  banks.aud  generally  at  some  dist  beluw  the  sur- 
face. Tliis  dist  varies  in  diff  streams;  but,  as  an  ave.rage,  it  seems  to  be  about 
one  third  of  tiie  total  depth.  Where  the  total  depth  is  great  in  proportion  to 
the  width,  (say  }  the  width  or  more),  the  max  vel  has  been  found  as  deep  ai 
midway  between  surf  and  bottom;  while  in  small  shallow  streams  it  appears  to 
approacii  the  surf  to  within  from  .1  to  .2  of  the  total  depUi.  Many  experiments 
upon  shallow  streams  have  indeed  indicated  that  the  max  vel  was'o^  tiie  surf. 

The  ratio  between  the  welocities  in  different  parts  of  tiio 
cross  section  varies  greatly  in  diff  tu^reams;  so  that  but  little  dependence 
can  be  placed  upon  rules  for  obtaining  one  from  the  other.  With  the  same  surf 
vel,  wide  and  deep  streams  have  greater  mean  and  bottom  vels  than  small  shal- 
low ones.  In  order  to  approximate  ronfriily  to  the  mean  vel  when 
the  greatest  surf  vel  is  given,  it  is  frequently  assumed  that  the  former  is  =  f 
(or  .8)  of  the  latter.  But  Mr.  Francis  fuund,  in  his  experiments  at  Lowell,  that 
sitirfaee  float-s  of  wax,  2  ins  diam,  floating  down  the  center  of  a  rectangular  flum« 
10  ft  wide,  and  8  ft  deep,  actually  movOT  about  6  per  cent  slower  than  a  tin  tube 

2  ins  diam,  reaching  from  a  few  ins  above  the  surf,  down  to  within  1^  ins  of  the 
bottom  of  the  flume;  and  loaded  at  bottom  with  lead,  to  insure  its  maintaining 
a  nearly  vert  position.  While  the  wax  .m?/ float  moved  at  the  rate  of  S.73  ft  per 
sec,  the  rate  of 'the  tul)e  (which  was  evidently  very  nearly  the  same  as  that  of 
the  center  vert  thread  of  water)  was  3.98  ft  per  sec.  Also,  that  in  the  same  flume, 
with  vels  of  the  center  tube  varying  from  1.55  to  4  ft  per  sec,  the  vel  of  the  tube 
was  less  than  that  of  the  mean  vel  of  the  entire  cross  section  of  water  in  the 
flume,  about  as  .96  to  1,  for  the  lesser  vel;  and  .93  to  1  for  the  greater  vel. 
While,  in  another  rectangular  flume  20  ft  wide  and  8  ft  deep,  with  vels  varying 
from  1.16  to  1.84  ft  per  sec,  that  of  the  tubes  was  greaifir  than  that  of  the  entire 
mass  of  water,  about  as  1.04  to  1.  In  a  flume  29  It  wide,  bv  8.1  ft  deep,  with  vels 
of  about  3  ft  per  sec,  it  was  as  1  to  .9;  and  in  a  flume  36J  ft  wide,  by  8.4  ft  deep^ 
with  vels  of  about  3J  ft  per  sec,  as  1  to  .97. 

Charles  Ellet,  Jr,  C  E,  found  in  the  Mississippi  "at  diff  points 
on  the  river,  in  depths  varyinj>-  from  54  to  100  ft;  and  in  currents  varying  from 

3  to  7  miles  an  hour  that  the  speed  of  a  float  supporting  a  line  50  ft  long,  is  al- 
most always  greater  than  that  of  the  surf  float  alone."  The  same  results  were 
obtained  with  lines  25  and  75  ft  long;  the  excess  of  the  speed  of  the  line  floats 
l>elng  about  2  per  cent  over  that  of  the  simple  floats:  and  Mr.  Ellet  concludes, 
therefore,  that  the  mean  vel  of  the  entire  cross  section  of  the  Mississippi,  insteaa 
of  being  less,  is  absolutely  greater  by  about  2  per  cent,  than  the  mean  *ur/vel. 
He,  however,  employed  .8  of  the  greatest  surf  vel  as  representing  approximately, 
in  his  opinion,  the  mean  vel  of  the  entire  cross  section  of  water.  In  shallow 
streams,  he  always  found  the  SMrf  float  to  travel  more  rapidly  than  a  line  float 

European  trials  of  the  mean  vel  of  separate  single  verticals,  in  tolerably  deep 
rivers,  have  resulted  in  from  .85  to  .96  of  the  surf  vel  at  each  vertical.  The  mean 
of  all  may  be  taken  at  .9. 

Bottom  velocity.  In  streams  of  nearly  uniform  slope  and  cross  section, 
there  is  a  great  reduction  of  vel  near  the  l>ottoin.  As  a  very  rough  approxima- 
tion, the  deepest  measurable  vel,  In  streams  of  uniform  slope  et<:,  appears  to  be 
from  ^  to  }  or  the  mean  vel.    But  see  rems  on  "scour  ",  p  279/. 

Art.  17.  To  mea9«re  the  snrDsce  velocity,  select  a  place  where 
the  stream  is  for  some  dist  (the  longer  the  better)  of  tolerably  nntform  cross 
section;  and  free  from  counter-currents,  slack  water,  eddies,  rapids,  etc.  Ob- 
serve, by  a  seconds-watch, or  pendulum,  how  long  a  time  afloat  (such  as  a  small 
block  of  wood)  placed  in  the  swiftest  part  of  the  current,  occupies  in  passing 
through  some  previously  measured  dist.  From  50  feet  for  slow  streams,  to  150  ft 
for  rapid  ones,  will  answer  very  well.  This  dist  in  ft,  or  ins,  div  by  the  entire 
number  of  seconds  reqd  by  the  float  to  traverse  it,  will  give  the  greatest  surf  vel 
in  ft  or  ins  per  spc. 

*rhe  surf  vel  should  be  measd  in  perfectly  calm  weather, 
so  that  the  float  may  not  be  disturbed  by  wind  ;  and,  for  the  same  reason,  the 
float  should  not  project  much  above  the  water.    The  measurement  should  be 
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repeated  several  times  le  io«urf  accuracy.  Ia  very  wiiall  streams^  the  banlcs 
and  bed  may  be  irimuied  fur  a  short  dist,  so  hh  to  present  a  uniform  channel- 
way.  The  float  should  be  placed  in  the  water  a  little  dist  above  the  point  for 
commencing  the  observation;  so  that  it  may  acquire  the  full  vel  of  the  water, 
before  reaching  that  poiut. 

Art.  18.  To  gause  a  atreant 
by  means  of  Its  ▼elocltjr.  Select 
a  ]ilace  where  the  cross-sectioD  r*  mains,  for 
a  shu^t  distuuctf,  tolerably  uuifbrm,  and 
free  fmm  counter-currents,  eddieis  ttill 
water,  or  oiher  irregularitins.  Prepare  a 
careful  cross-section,  as  Fig.  27.  By  meauN 
<^  poles,  or  buoys,  n,  n,  divide  the  stream  into  sections,  a.  6,  c,  &c.  Plant  two  rang*  - 
poles,  B,  B,  at  the  upper  end,  and  two  others  at  the  lower  end,  of  the  distance 
through  which  the  floats  are  to  pass ;  for  observing  by  a  seconds  watch,  or  a  pendu- 
lum, the  time  which  they  occupy  in  the  passage.  Then  measure  the  m*tm  velocity  of 
each  section  a,b^c^  &c.,  separately,  and  directly,  by  means  of  long  floats,  as  F  L, 
reaching  to  near  the  bottom :  and  projecting  a  little  above  the  surface.  The  floats  may 
be  tin  tubes,  or  wooden  rods;  weighted  in  either  case,  at  the  lower  end,  until  they 
will  float  nearly  vertical.  Ttiey  must  be  of  different  lengths  to  suit  the  depths  of 
the  diff'erent  sections.  For  this  purpose  the  float  may  be  made  in  pieces,  with  screw- 
joints.  The  area- of  each  separate  section  of  the  stream  in  Kquare  feet,  being  molt  - 
plied  by  the  observed  mean  velocity  of  its  water  in  f<  ei  per  second,  will  give  the 
discharge  of  tliat  s^^ction  in  cubic  feet  per  8eci>nd.  And  liie  discharges  of  all  the 
sepMrHtf  Bt-ctions  thus  obtained,  when  ad<}ed  together,  will  give  the  total  dihchNrifC 
of  the  stream.  And  this  total  discharge,  dividni  by  the  entire  area  of  crosS'Section 
of  the  stream  in  square  feet,  gives  the  mean  velocity  of  oil  the  water  of  the  stream, 
in  feet  per  second. 

Rem.  If  the  elialniiel  is  In  eommon  earth,  especially  if  sandv, 
the  loss  bysoakage  into  the  soil,  and  by  evaporation,  will  frequentlv  abstract  so 
much  water  that  tlie  diach  will  gradually  become  less  and  less,  the  lartlier  down 
stream  it  is  measured.  Long  canal  feeders  thus  geiierallv  deliver  into  the  canal 
but  a  small  proportion  of  tlie  water  that  enters  their  upper  ends. 

The  doable  float  is  used  for  ascertaining  vels  at  diff  depths.  It  consists 
of  a  flout  resting  upon  the  surface  of  the  water,  and  of  a  heavier  body,  or  "lower 
float",  which  is  suspended  from  the  upper  float  by  means  of  a  cord."  The  depth 
of  the  lower  float  of  course  depends  upon  the  lengtti  of  the  suspending  cord 
(which*  hiay  be  increased  or  diminished  at  oleasure  until  the  lower  float  is  lie- 
lieved  to  be  at  that  depth  for  which  the  vel  is  wanted),  and  upon  its  straight- 
ness,  which  is  more  or  less  aflbeted  by  the  current.  Owing  to  this  latter  circum- 
stance, it  is  difficult  to  know  whether  the  lower  float  is  really  at  the  proper 
depth.  Moreover  it  is  uncertain  t^  what  extent  the  two  floats  and  the  siring 
interfere  with  one  another's  motions.  In  deep  water  the  string  may  oppose  a 
greater  area  to  the  cnrrent  than  the  lower  float  itself  does.  It  thus  becomes 
doubtfut  to  whateflttent  the  vel  of  the  upper  float  can  be  relied  upon  as  indicat' 
ing  that  of  the  water  at  the  depth  of  the  lower  one. 

Art.  19.    4Dastelli'9  q[aadniiit,  or  h^d^ometrle  pendiiliiin. 

consisted  of  a  metallic  ball  suspended  bv  a  thread  from  the  cehterof  a  graduated 
arc.  The  instntment  was  placed  in  the  current,  with  the  arc  parallel  to  the 
direction  of  flow ;  and  the  vel  was  then  calculated  from  the  angle  formed  Ijc- 
tween  the  thread  and  a  vert  line. 

Gavthey's  pressure  plate  was  a  sheet  of  metal  suspended  l>y  one  of  its 
ends,  about  whicli  it  was  left  free  to  swing.  The  plate  was  immersed  in  the 
stream,  with  it.s  face  at  right  angles  to  the  current.  Tlie  vel  was  estimated  by 
means  of  the  weight  required  to  make  the  plate  bang  vert  in  opposition  to  the 
force  of  the  current. 

Pltof  a  tnhe  wasoriginally  a  simple  glass  tube.  Fig.  27  A,  open 
at  both  ends  and  bent  in  the  shape  of  the  letter  L.  One  le^  of  the 
L  was  held  horizontal  under  water,  with  its  open  end  facing  the 
current :  and  the  velocity  v  at  the  point  o  where  it  was  placed  was 

measured  by  the  vertical  height  h  (theoretically  =  r^  I  to  which 

the  water  rose  in  the  o:her  leg  above  the  surface  of"  tl»e  stream.       ^'  ^-^ 
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An  developed  by  M.  Darev  and  hv  Prof.  H.  W.  Robinsan,*  and 

rudely  indicated  in  Fig.  27  B,  Pilot's  tube  consists  essen- 
tiaNy  of  /too  horizontal  glass  or  metal  tubes  a  and  6,  of 
very  small  bore,  placed  side  by  side  in  the  current  and 
pointed  up-stream.  Tube  a  receives  the  current  in  its 
open  up-stream  end,  while  b  is  closed  at  its  up-stream 
end,  and  has  small  lateral  openings  only.  The  other  end 
of  each  tube  communicates,  by  means  of  small  metal  or 
rubber  piping,  with  one  leg  of  an  inverted  U-shaped  glass 
gauge  fixed  m  a  boat  or  on  shore.  For  convenience,  the 
:   two  flexible  pipes  may  be  joined  together  into  one  double 

{>ipe.    By  sucking  through  a  stop-cock  T  at  the  top,  water 
s  drawn  up  to  any  convenient  height  in  the  two  legs  of 
[   the  gauge.    When  there  is  no  current,  the  two  columns  of 
I  course  stand  at  the  same  height ;  but  in  a  current,  the  dif- 
ference A  in  their  heights  is  such  that  v  =b  y'2g  h,  no  cor- 
rective coefficient  being  required.    The  instrument  is  re- 
c»  markably  simple  and  accurate,  and  can  be  used  in  very 

Fis  27B  narrow  and  shallow  streams  of  water  or  of  gas.    It  meas- 

^'  ures  velocities  as  low  as  4  inches  per  second. 

In  practice,  a  and  h  are  fixed  tog^ether  in  one  piece,  and  placed,  when  in  use, 
in  a  metal  frame  which  slides  vertically,  either  upon  a  wire  passing  through  it 
and  provided  with  a  plummet  which  rests  upon  the  bottom  and  keeps  the  wire 
stretched,  or  (in  streams  shallower  than  about  20  feet)  upon  a  vertical  wooden 
rod,  the  lower  end  of  which  holds  in  the  bed  of  the  stream.  In  the  former  case, 
the  frame  is  provided  wiih  a  long  vane  for  keeping  the  instrument  headed  up- 
stream. In  either  case,  means  are  provided  for  showing  the  depth  to  which  the 
instrument  is  submerged. 

By  making  the  gauge  scale  adjustable  vertically,  and  placing  it  (at  each  change 
of  depth  of  instrument)  with  its  zero  opposite  the  top  of  the  lower  column,  we 
obviate  the  necessitv  of  observing  the  height  of  both  columns  at  each  reading ; 
for  the  reading  of  tne  upper  column  alone  then  gives  the  head  A  at  once. 

Art.  20.  The  wheel  meter  consists  of  a  wheel  which  is  turned  by  the 
current,  and  which  communicates  its  motion,  by  means  of  its  axle  and  gearing, 
to  indices  which  record  the  number  of  revolutions.  The  instrument  may  m 
clam()ed  to  any  part  of  a  long  pole  reaching  to  the  bottom  of  a  stream,  and  thus 
may  be  used  at  any  depth,  the  observer,  by  means  of  a  wire,  rod  or  string 
reaching  down  to  the  instrument,  throws  the  registering  apparatus  first  into, 
and  then  out  of,  gear  with  the  wheel  (applying  a  brake  to  the  former  at  the 
instant  it  is  thrown  out  of  gear),  and  carefully  noting  the  times  when  he  does 
so.  The  instrument  is  then  raised,  the  number  of  revolutions  in  the  measured 
time  is  read  oflf  from  the  indices,  and  from  it  the  velocity  is  calculated.  But  the 
meter  is  often  made  nelf-reflclsterliiir  %  the  wheel,  at  each  revolution,  auto- 
maticallv  breaking  and  re-establishing  a  galvanic  current  generated  by  a  bat- 
tery. The  wire  carrying  this  current  is  thus  made  to  operate  Morse  telegraphic 
registering  apparatus  placed  in  a  boat  or  on  shore. 

A  number  of  meters,  so  arranged,  can  be  attached  at  different  points  on  the 
same  pole  at  the  same  time,  and  thus  simnltsneoiifi  obsenratlona  •£ 
velocities  at  dlfTerent  depths  may  be  made  and  registered. 

Wheel  meters  are  made  by  Messrs.  ButT  A  Bexger,  No.  9  Province 
Court,  Boston.  The  prices  range  approximately  from  $125  to  $225  each.  Most 
of  their  meters  are  so  arranged  tnat  they  can  freely  swing  horizontally  about  the 
long  vertical  pole  to  which  they  are  clamped,  and  are  provided  each  with  a  vane 
or  tail  similar  to  that  of  a  windmill,  for  keeping  the  wheel  in  the  r>roper  position 
as  regards  the  current.  The  wheels  are  generally  made  like  those  of  a  wind- 
mill; i.e.,  with  blades  iiet  at  such  an  angle  as  to  present  a  sloping  surftice  to 
the  current ;  and  with  the  axis  of  the  wheel  parallel  to  the  direction  of  flow. 
The  axis  runs  in  agate  hearings.  .  When  desired,  the  rim  of  the  wheel  is  fVir- 
nished  with  au  air-chamber,  which  just  counterbalances  the  weight  of  the  wheel, 
and  thus  removes  journal  friction  due  to  it.  Meters  provided  with  electrical 
registering  apparatus  sometimes  have  the  gearing  and  indices,  etc.  enclosed  in 
a  glass  case,  to  prevent  them  from  becoming  clogged  by  weeds,  sediment,  etc 

A  wheel  meter  Is  rated  by  moving  it  at  a  known  velocity  through  still 
water,  and  noting  the  effect  produced.  In  this  way  a  coefficient  is  obtained  for 
each  meter,  which,  when  multiplied  by  the  number  of  revolutions  recorded  in 
any  given  case,  gives  the  velocity  for  that  case. 

«  Sea  Van  NostrantVs  Magazine,  March,  1878,  and  August,  1886. 
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Art.  21.    Kntter's  fformnla  for  the  mean  re]  of  water  Aowing  in  open 

channels  of  uniform  cross  section  and  slope  tbroughoui. 

Cftution.  The  use  of  all  such  forfnulse  is  liable  to  error  arising  from  the 
difficulty  of  ascertaining  the  exact  condition  of  the  stream  as  regards  roughness 
of  bed,  surface  slope,*  etc. 

Rem.  1;  Care  must  be  taken  tliat  the  bottom  Tel  Is  not  so 
g^reat  as  to  wear  away  the  soil.  If  there  is  tmy  such  danger  artificial 
means  must  be  applied  to  protect  the  channel-way;  or  it  may  be  advisable  to 
reduce  the  rate  of  full,  and  increase  tiie  cross  seei ion  of  the  channel;  so  as  to 
secure  the  same  disch,  bUt  with  less  vel.  -A  liberal  increase  should  also  be  made 
in  the  diiuensions  of  such  channels,  to  compensate  for  obstructions  to  the  flow, 
arising  from  the  growtii  of  aq[nalic  plants,  or  de(>osits  of  mud  from  rain- 
washes,  etc ;  or  even  from  very  strong  winds  blowing  against  the  current.  See 
also  Bern,  p  209. 

Bem.  2.  Water  rnnninfr  In  a  channel  with  a  horisontal  bed, 
or  bottom,  eannot  have  a  nniform  vel.  Or  depth,  thronyh- 
ont  its  eonrse;  because  the  action  of  gravity  due  to  the  inclined  plane  of  a 
sloping  lM>ttom,  is  wanting  in  this  case;  and  the  water  can  flow  only  by  forminc 
its  surface  into  an  inclined  plane;  which  evidently  involves  a  diminution  of 
depth  at  every  successive  distfrom  the  reservoir. 


Thc»ory  of  flow^.  It  is  generally  held  that  the  resistances  to  the  flow  of 
water  in  a  pipe  or  channel  are  directly  proportional  to  the  area  of  the  bed  sur- 
face with  which  the  wnter  comes  in  contact  («  e,  to  the  product  of  tbe  "wetted 
perimeter"  as  abeo  Figs  28,  29,  30  mult  by  the  length  of  the  channel,  or  of  the 
portion  of  It  under  consideration) ;  and  to  the  square  of  the  vel  of  the  flowing 
water;  and,  inasmuch  as  the  resistance  at  any  given  point  in  the  cross  section 
appears  to  be  Inverfelyas  tlie  dist  of  that  point  from  the  bottom  or  sides,  we 
conclude  that  tbe  total  resistances  are  inversely  as  the  area  of  tbe  cross  section  ; 
because  the  greater  that  area,  the  greater  would  be  the  mean  dist  of  all  the  par- 
ticles from  the  bottom  and  sides.  (The  resistance  is  independent  of  the  pressure. 
Bee  p  374o.) 

In  sbort,  the  resistances  are  assumed  to  be  in  proportion  to 

Tel*  X  wet  perimeter  X  length  v*pl 

area  of  cross  section  a 

and  the  bead  A"  in  feet  or  in  metres  etc,  required  to  overcome  those  resist, 
ances,  is 

resistance  ^  a  coefBcient     vel*  X  wet  perimeter  X  length  ^  n^JlSj 

^®*^      ""  C  area  of  wet  cross  section  **       a 

from  which  we  have 


^       ah"        ^  hah"  ,         I  I    ^,\ 


area  of  wet       resistce 
cross  section        head 


wet  perimeter     length 


•  "In  meiunring  the  slope  of  a  large  river,  the  ordinary  errors  of  tbe  most  carefkil  lerelitiK  are  a 
large  proportioo  of  the  whole  fall ;  the  variation  of  level  in  tbe  croa»  section  of  the  vnrface  is  often  as 
great  as  tlie  slope  for  ten  miles  or  more ;  tbe  exsct  point  where  the  level  should  be  taken  is  often 
onoertain :  the  rise  and  Aill  of  the  water  makes  it  extremely  difficult  to  decide  when  the  levels  should 
be  taken  at  tlie  npp(»r  and  lower  points  :  waves  of  translation  may  affect  the  inclination  to  "^  (freat 
a«d  vMcruItt  degree,  and  mav  even  make  the  sarfaoe  slope  the  reverse  way."  OenI  T.  O.  snis, 
Trsu  Am  8oe  Civ  Bngrs,  Aug  1877. 
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Bat       ^'rea  of  wet  cross  secUon        ^^       a       j^  the  "hydraulic  radius »•  of 
wet  perimeter  p 

"  jnctin  deptlj "  or  "  mean  radius,*'  B,  ol  the  cross  sectiou ; 

and        £^8}.anii5_!^       or        -^       is  the  iucliuation  or  slope,  S,  (fre- 

length  / 

quently  denoted  by  "I")  of  the  hydraulic  grade  line,  p  240,  or  the  sine  of  the 
an^le  w so  Fig  1|,  p  240.  In  open  channels,  it  is  =  the  fall  of  tlie  surface  per 
uuitof  length. 


We  therefore  have  velocity  « 'V -^  X  V^'"eau  rauius  X  slope 

or,  by  using  a  coeff  (c)  =  '\~c~* 

velocity  =  coefficient  c  X  l/meau  radius  X  slope 

or      v  =  c  i/S^ 

The  earlier  hydraulicians  gave  (each  according  to  the  results  of  his  investiga- 
tion8)>ixed  values  for  the  eoeflTe,  (Renerally  about  95  to  100  for  channels 
in  earth  or  gravel,  as  in  our  early  editions),  making  it,  in  other  words,  a  eoit- 
stanlf  and  independent  of  the  shape,  size,  slope  and  roughness  of  tlie  channel. 
l:ut  more  recent  investigators  have  shown  that  the  coefficient  c  is  affected  by 
differences  in  any  of  these  particulars. 

According  to  the  formula  of  Ganguillet  and  Rutter  (generally  called,  for  con- 
venience, **Kutter'A  formala*'*)  the  value  of  c  is: 


For  EnirUAli  measure.  For  metrie  measure. 

C     = 


4i.6  +  ^f?l  +  i:?iL                         2S  +  -^^1 
slope  n  slope 


l/mean  rad  in  /ee<  |/meau  rad  in  rnetret 

Tables  g^iTinir  values  of  c  for  diff  grades,  mean  radii  and  degrees  of 
roughness,  and  for  English  and  metric  measures,  are  given  on  pp  275  etc. 

Here  n  i:i  a  '*  coefficient  of  rooflrliness '*  of  sides  of  channel  as  giTes 
below.  These  values  ol'  n  were  obtained  from  experience,  by  averaging  a  large 
number  of  experiments  made  under  very  different  circumstances.  They  there- 
fore embrace  all  the  disturbing  effects  arising  from  obstructions  existing  upon 
the  bottfun  and  sides  of  the  channel  in  the  cases  experimented  upon.  In  small 
artificial  channels  of  uniform  cross  section  and  slope,  these  olistructions  may  be 
said  to  consist  entirely  of  the  comparatively  minute  roughnesses  of  the  material 
of  which  the  bed  of  tiie  cliaunel  consists.  But  in  rivers  and  earth  canals,  even 
where  the  ^en«ra/  direction.  Hlupe  and  cross  section  are  tolerably  uniform,  (as 
tliey  were  in  the  cases  upon  which  our  list  is  based),  there  are  siill  many  con-* 
siderahle  irregularities  in  the  sides  and  bottom ;  and  these  exert  a  much  greater 
retarding  effect  upon  the  mean  vel  than  the  mere  roitghness  of  tlie  material  of 
the  banks.  We  therefore  find  larger  values  given  forn  in  such  cases  than  for 
small  regular  artificial  channels,  although  the  material  of  the  sides  etc  was  in 
many  cases  smooth  mud;  and  we  must  not  apply  to  such  comparatively  irregu- 
lar  channels  the  small  values  of  n  obtained  by  experiments  with  small  and  care- 
fully made  straight  flumes  of  uniform  section  and  slope,  even  if  we  suppose  the 
bottom  and  sides  of  the  former  to  be  made  at<  smooth  as  those  of  the  latter. 

No  general  formula  is  applicable  to  eases  of  dectde^t  bends  in  the  course 
of  a  natural  stream,  or  of  marked  IrrefrnlAHtleS  in  the  cross  sec- 
tion. Such  cases  would  require  still  higher  coefficients n  tlian  those  here  given 
for  rivers  and  canals ;  but  they  would  have  to  be  ascertained  by  experiment  for 
each  case,  and  would  be  useless  for  other  cases.  For  such  streams  we  must  tliere- 
fore  depend  upon  actual  measurementaof  the  velocity,  either  direct  or  by  means 
of  the  diseh. 

«  See  "  Flow  of  Water,"  translated  from  Ganguillet  and  K utter,  by  Rudolph 
Hering  and  John  C.  Trautwine,  Jr.,  New  Yoric,  John  WUey  &.  Sous,  1889.  fl.OO. 
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There  is  much  mnm  for  the  exercine  of  judgment  in  the  selecttoii  •f  tlie 
proper  eoeffieient;  n  for  any  given  case,  even  where  tiie  u«>it<litioa  ol  ihe 
channel  13  wt*  11  known.  It  may  frequently  be  necessary  to  use  values  of  n  inter* 
mediate  between  those  given ;  for  careless  brickwork  niav  be  rougher  than  well 
finished  rubble;  side  slopes  in  "very  firm  gravel  "  may  have  very  diff  degrees 
of  roughness;  etc  etc.  The  engineer  should  make  lists  of  values  of  n  from  his 
own  experience,  fully  noting  the  peculiarities  of  each  case,  and  calculating  n 
from  the  tables,  pp  275  etc,  as  directed. 

A  given  diff  in  the  deg  n  of  roughness  exerts  a  much  greater  effect  upon  the 
coefficient  c,  and  thus  upon  the  velocity,  in  small  channels  than  in  larger  ones. 
It  is  therefore  especially  necessary  in  small  channels  that  care  be  exercised  in 
finding;  (by  experiment  if  necessary)  the  proper  value  of  n;  and,  where  a  large 
disch  IS  desired,  the  sides  of  small  cnannels  should  be  made  particularly  smooth. 

Table  of  v,  or  eoefileieiit  off  roM^lmeao. 

In  anv  given  case  the  value  of  n  Is  the  same  whether  the  mean 
radius  is  griTen  in  Engrlish,  metrle  or  anjr  other  measure. 

Artifleial  ehannels  of  uniform  cross  section. 

Sides  and  bottom  of  channel  lined  with  n  — 

well  planed  timber „ 009 

neat  cement*  (applies  also  to  glazed  pipes  and  very  smooth  iron  pipes).  .010 
plaster  of  1  measure  of  sand  to  3  of  cement;*  (or  fiinooih  iron  pipes),  .oil 

uupianed  timber  (applies  also  to  ordinary  iron  pipes). 012 

aohlar  or  brickwork 013 

rubble 017 

Channels  subject  to  irregrularity  of  cross  section. 

Canals  in  very  firm  gravel- 020 

Canals  and  rivers  of  tolerably  uniform  cross  section,  slope  and  direction, 
in  moderately  good  order  and   regimen,  and  free  from  stones  and 

weeds 025 

having  stones  and  weeds  occasionally 030 

in  bad  order  and  regimen,  overgr(>wn  with  vegetation,  and  strewn 

with  stones  and  detritus 035 

Art.  aa.   The  following^  tables  giwe  values  of  the  coefllcient 

C  as  obtained  by  nutter's  formula  for  diff  slopes  (8)  mean  radii  (B)  and  degrees 
of  roughness  (n).t 

Caution.  Different  values  of  c  must  be  used  with  English  and  with  metric 
measures.    We  give  tables  for  both  measures. 

1st.  Having  the  slope  S,  the  mean  rad  R  and  the  degn  of  roughness;  to 
And  the  CoefTc.  Turn  to  the  division  of  the  table  correspotiding  to  the 
given  slopes.  In  the  first  column  find  the  given  mean  rad,  R.  In  the  same 
line  with  this  R,  and  under  the  given  n,  is  the  proper  value  of  c.f 

9d.  Having  the  slope  S,  the  mean  rad  R  and  either  c  or  the  actual  or  reqd 
vel  v;  to  find  the  actual,  or  the  §:reatest  permissible,  degp  n  of 
roug^hness  of  channel.    If  the  vel  is  given,  and  not  c,  first  find 

e  =  ve  oci  y    ^    Turn  to  the  division  of  the  table  corresponding  to 

l/ilope  X  nieun  radius 
(be  given  8,  and  in  the  first  col  find  the  given  R.    In  the  same  line  find  the 
value  given,  or  Just  obtained,  for  0;  over  which  will  be  found  the  reqd  n.f 

Sd.  Having  the  slope  S,  the  deg  n  of  roughness,  and  the  actual  or  required 
vel «;  to  find  the  actual  or  necessary  mean  rad,  R.  Assume  a 
mean  rad ;  and  from  the  division  of  the  table  corresponding  to  the  given  S  take 
oat  the  value  of  c  corresponding  to  the  given  n  and  the  assumed  R.    Then  say 


if  =  CBO  found  X  j/assumed  mean  raffius  X  elope 

*  For  expertmentii  on  abrMlon  of  eements,  see  p  678. 

H%  is  often  DeeesMry  to  iotopohUe  ralue*  of  8,  R,  n  and  c  intermediate  of  those  in  tbe  tabiea 
this  m!iy  be  done  mentally  by  simple  proportion. 

1» 
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If  this  xf  is  the  same  as  the  given  vel,  or  near  enough  to  H,  take  the  assumed  R 
as  the  proper  one.  Otherwise,  rep^^at  the  whole  process,  assuming  a  new  R, 
greater  than  the  former  one  if  tr  is  less  than  the  given  vel,  and  vice  versa.* 

4th.  Having  the  dimensions  of  the  wetted  portion  {ahco  Figs  28,  29,  30.)  of 
the  channel,  the  degn  of  roughness,  and  the  actual  or  reqd  vel;  to  find  tbe 
actual  or  necessary  slope,  S : 


Find  the  mean  rad^R  =  • 


area  of  wet  cross  section 


length,  abeOyOt  wet  perimeter 

Assume  one  of  the  four  slopes  of  the  tables  to  be  the  proper  one.  From  the 
corresponding  division  of  tlie  table  take  out  the  value  of  c  corresponding  to  the 
given  R  and  n. 

If  R  is  3.28  feet,  or  1  metre,  the  value  of  e  thus  found  is  the  proper  one  (lie- 
cause  then  Cf  for  any  given  »,  remains  the  same  for  all  slopes) ;  and  the  slope,  S^ 
may  be  found  at  once,  thus : 


Slope,  S 


-t- 


given  velocity    \2 

\c  X  l/meun  radius/ 

But  if  R  is  greater  or  less  than  a28  feet,  or  1  metre,  say 

»'  =  e  thus  found  X  l/mean  radius  X  assumed  slope 

If  this  i/  is  near  enough  to  the  given  veK  take  tbe  assumed  S  as  the  proper  one. 
Otherwise,  assume  a  new  S,  prec/er  than  the  former  one  if  v'  is /«m  than  tbe  given 
vel,  and  vice  versa;  and  repeat  the  whole  process.* 

*  It  is  often  neoesmry  to  interpolate  ralnea  of  S,  R,  h  and  o  intermediate  of  tiioee  in  the  tatlee. 
This  maj  be  doae  neDtaUy  by  tlmple  preportioik. 


Table  ofeoeiiiefent  c,  for  m 

ean 

radii  in /Atf. 

a 

Mean 

Coefficients  n  of  roughness 

Mean 

rad  R 

radR 

n 

ftet 

.009 

i)10 

.011 

.012 

i>18 

.916 

.917 

jm 

.925 

.680 

.035 

iMO 

feet 

1 

c 

c 

e 

c 

c 

e 

e 

c 

C 

c 

c 

• 

.1 

66 

67 

60 

44 

40 

83 

28 

23 

17 

14 

12 

10 

.1 

2i 

.2 

87 

75 

67 

69 

53 

46 

88 

81 

24 

19 

16 

14 

.2 

ia 

.4 

111 

97 

87 

78 

70 

69 

61 

42 

82 

26 

22 

19 

.4 

.6 

127 

112 

100 

90 

81 

69 

60 

49 

88 

31 

26 

22 

.6 

.8 

138 

122 

109 

99 

90 

77 

66 

66 

43 

86 

30 

26 

A 

1 

148 

131 

118 

106 

97 

83 

72 

60 

47 

88 

32 

28 

I 

feS 

1.5 

166 

148 

133 

121 

111 

96 

83 

69 

66 

45 

38 

88 

1.5 

^t  ^ 

2 

179 

160 

144 

181 

121 

104 

91 

77 

61 

60 

48 

87 

2 

M^ 

3 

197 

177 

160 

147 

136 

117 

103 

88 

70 

59 

60 

44 

8 

8*^ 

3.28 

201 

181 

164 

161 

189 

121 

106 

91 

72 

60 

62 

46 

8.28 

X  II 

4 

209 

188 

172 

158 

146 

127 

118 

96 

78 

66 

66 

49 

4 

Sa 

6 

226 

206 

188 

174 

161 

142 

126 

108 

88 

74 

64 

67 

6 

OS 

8 

238 

216 

199 

184 

171 

161 

136 

117 

96 

82 

71 

68 

8 

\r 

10 

246 

225 

207 

192 

179 

169 

142 

124 

102 

87 

76 

68 

10 

12 

253 

231 

214 

198 

186 

166 

149 

129 

107 

92 

81 

72 

13 

OD 

16 

263 

242 

223 

208 

195 

174 

167 

138 

116 

100 

88 

79 

16 

{ 

20 

2.71 

249 

231 

215 

202 

181 

164 

144 

121 

106 

94 

84 

20 

30 

2a3 

261 

243 

228 

215 

193 

176 

157 

188 

117 

104 

96 

80 

SO 

297 

274 

257 

241 

228 

207 

190 

170 

147 

180 

117 

107 

60 

OD 

76 

306 

284 

267 

251 

288 

217 

200 

180 

167 

140 

127 

117 

76 

100 

312 

290 

273 

2.57 

244 

228    20711871168 

147    184  1  IM 

100 
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TAkle  ^r  eoeflleleiit  e. 

ff»r  fliMaii  radii  !■  /wr.— CovrtMrxiK 

Mean 
radR 

Coefficients  ■  of  roughness 

Meaii 

e 

feet 

.009 

.010  1,011  1.012  |.018 

MS  |.017 

.020 

.026 

.080  .086 

.040 

feet 

1 

e 

e 

e 

1 

e   1  e 

e 

c 

« 

e 

M 

.1 

78 

67 

59 

52 

47 

89 

38 

26 

20 

16 

18 

11 

.1 

tc  . 

.15 

91 

7"'  B9 

62 

56 

46 

89 

31 

28 

19 

16 

18 

.15 

£^ 

.2 

100 

8   77 

68 

62 

61 

44 

86 

26 

21 

18 

16 

.3 

i! 

^ 

114 

9   B8 

79 

71 

69 

60 

41 

81 

26 

21 

18 

J 

.4 

124 

10   97 

88 

79 

66 

67 

46 

86 

28 

24 

20 

.4 

n 

.6 

139 

12   99 

98 

90 

76 

66 

68 

41 

88 

28 

24 

.6 

.8 

150 

13   19 

107 

98 

88 

71 

69 

46 

87 

81 

27 

A 

ts  ■§ 

1 

158 

14   26 

114 

104 

89 

77 

64 

49 

40 

84 

29 

1 

i^ 

1.6 

173 

15   ;^9 

126 

116 

99 

87 

72 

67 

47 

40 

84 

l.« 

2 

184 

16   18 

135 

124 

107 

94 

79 

62 

61 

44 

88 

2 

2^ 

8 

198 

17   SI 

148 

136 

118 

104 

88 

71 

69 

60 

U 

8 

&28 

201 

18   S4 

151 

189 

121 

106 

•91 

72 

60 

62 

46 

8.28 

S| 

4 

207 

18   70 

156 

145 

126 

111 

95 

77 

64 

66 

49 

4 

6 

220 

19   W 

168 

166 

187 

122 

105 

86 

72 

68 

66 

6 

r1 

8 

228 

20   89 

175 

163 

144 

129 

111 

91 

78 

68 

61 

8 

OD 

10 

234 

21    95 

181 

169 

149 

184 

116 

96 

82 

72 

64 

10 

12 

238 

21    90 

185 

173 

163 

188 

120 

99 

86 

76 

68 

12 

1 

16 

245 

22   96 

191 

180 

160 

144 

126 

106 

91 

81 

78 

16 

20 

250 

22   11 

1V»6 

184 

166 

149 

131 

110  I  96 

86 

77 

20 

1 

30 

257 

23   19 

204 

192 

172 

157 

139 

118  108 

92 

84 

80 

OD 

50 

2fU> 

24   28 

213 

201 

181 

166 

148 

127 

112 

101 

93 

50 

75 

272 

25   38 

218 

207 

187 

171 

163 

133 

119 

108 

99 

76 

I  100 

275 

25.-37 

222 

210 

190 

176 

168 

137 

123 

112 

104 

100 

^' 

f    -1 

90 

78 

68 

60 

54 

'  44 

87 

30 

22 

17 

14 

12 

.1 

M  • 

.2 

112 

98 

86 

76 

69 

67 

48 

89 

29 

23 

19 

16 

.2 

gs 

.3 

125 

109 

97 

87 

78 

66 

66 

45 

84 

27 

22 

19 

.8 

fa 

.4 

im 

119 

106 

95 

86 

72 

62 

50 

38 

81 

25 

22 

.4 

O  k 

.6 

149 

131 

118 

105 

96 

81 

70 

57 

44 

85 

30 

26 

.6 

:Si. 

.8 

158 

140 

126 

114 

103 

88 

76 

63 

48 

39 

38 

28 

.8 

5s 

1 

166 

147 

132 

120 

109 

93 

81 

67 

52 

42 

86 

81 

1 

?§ 

1.5 

178 

159 

144 

130 

120 

103 

89 

75 

59 

48 

41 

85 

1.5 

!« 

2 

187 

168 

151 

138 

127 

109 

96 

81 

64 

53 

46 

39 

2 

-i 

3 

198 

178 

162 

149 

137 

119 

104 

89 

71 

59 

51 

45 

3 

t 

8.28 

201 

181 

164 

151 

139 

121 

106 

91 

72 

60 

52 

46 

3.28 

4 

206 

186 

169 

155 

143 

125 

111 

94 

76 

64 

56 

49 

4 

6 

215 

195 

178 

164 

152 

134 

119 

102 

84 

71 

61 

54 

6 

iii 

8 

221 

201 

184 

170 

158 

139 

124 

107 

88 

75 

66 

59 

8 

10 

226 

205 

188 

174 

162 

143 

128 

111 

92 

78 

69 

62 

10 

•a 

15 

2:« 

212 

195 

181 

169 

150 

i;» 

118 

98 

«il  76 

68 

15 

s 

m 

20 

237 

216 

200 

185 

173 

154 

139 

122 

102 

89  1  79 

71 

20 

3U 

243 

222 

206 

191 

179 

160 

145 

128 

108 

95  84 

77 

30 
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44 

39 

35 

28 

24 

19 

14 

10 

9 

7 

.025 

1i 

.05 

69 

60 

63 

48 

43 

a5 

29 

24 

18 

14 

11 

9 

.05 

.1 

81 

71 

63 

57 

51 

43 

36 

30 

22 

18 

15 

12 

.1 

fe  a 

.2 

91 

81 

72 

65 

6U 

60 

44 

36 

27 

22 

18 

16 

.2 

e,-2 

.8 

97 

86 

77 

71 

65 

65 

48 

40 

31 

25 

21 

18 

.3 

^7 

.4 

101 

90 

81 

74 

68 

58 

50 

42 

33 

27 

23 

20 

.4 

o  II  . 

.6 

106 

95 

86 

78 

72 

62 

64 

46 

36 

30 

25 

22 

.6 

i^ 

1. 

111 

100 

90 

83 

77 

67 

59 

50 

40 

33 

28 

25 

1. 

1.5 

115 

104 

94 

87 

80 

70 

62 

53 

48 

36 

31 

27 

1.5 

fij 

2 

117 

105 

96 

89 

83 

72 

64 

55 

4o 

38 

33 

29 

2 

cf 

4 

121 

110 

101 

9:H 

87 

76 

68 

59 

49 

42 

37 

33 

4 

1^ 

10 

126 

114 

105 

98 

91 

81 

73 

64 

53 

46 

41 

37 

10 

(£ 

80 

129 

118 

108 

101 

95 

84 

77 

67 

57 

50 

45 

41  30 

For  slopes  steeper  than  .01  per  unit  of  len^h.  =  l  in  100,  the  eo- 
efficient  c  reuiaius  practically  tlie  same  as  at  tliat  slope.  The  velocity^  however: 
t>eiuK  =*  eX  l/mean  radius  X  dope,  continues  to  increase  as  the  slope  becomes 
steeper. 

To  constrnet  a  diagram,  fig  30  A,  from  which  the  Talnes  siven 
by  Kntter*s  formula  may  be  taken  by  inspection. 

Draw  xz  hor,  and  say  from  2  to  4  ft  long;  and  oy  vert  at  any  point  o  within 
say  the  middle  third  of  xz.  On  oy  lay  off,  as  shown  on  the  left,  the  values  of  c 
for  which  the  diagram  will  probably  be  used.  If  a  scale  of  .05  inch,  or  .0<)2 
metre,  per  unit  of  c  be  used,  and  be  made  to  include  c  — =  250  for  English  meas- 
ure, or  150  for  metric  measure,  oy  will  be  about  1  ft  long.  For  the  sake  of 
clearnebs  we  show  only  the  larger  divisions  in  this  and  in  what  follows. 

On  0  9  lay  off,  as  shown  on  its  upper  side,  the  square  roots  of  all  the  values  of 
the  mean  rad  R  for  which  the  diagram  is  to  be  used.  One  inch  per  ft,  or  .06 
metre  per  metre,  of  sq  rt,  is  a  convenient  scale.  Mark  the  dividing  points  with 
the  respective  values  of  the  mean  radii  themselves. 

Having  decided  upon  \\i^  flattest  slope  to  be  embraced  in  the  diagram,  say 


w  —  41.6  + 


.0028 


flattest  slope  per  unit  of  length 


for  English  measure. 
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•"  "  23  +  flattest  slope  per  unit  o/ length    ^^'  ""^'^^^  "^""•^- 
For  eaeh  value  of  h  to  be  embraced  Id  the  diagram,  saj 

Jf  —  w  —  -^ —  for  Englkih  measure ;  or  y  —  to  — for  metric  measure. 

To  each  value  of  y  —  ir,  add  tr,  thus  obtaining  values  of  p.    We  take  .000025 
per  unit  of  leugth  as  the  flattest  slope,*  aud  .01,  .02,  .03  and  .04  for  n.f    Hence 

(using  English  measure)  w  —  41.6  +  ^^?^;.  —  41.6  +  112  —  153.6. 


K-w- 


1.8U      1.811      l.BU       1.811  . 
.01  •       .02  '       .03"*       .04   ' 


181.1,90.5,  60.4,  45.3  respectively; 


*  This  ts  about  as  flat  aa  is  likely  to  occur  In  practice, 
t  la  most  cases  niaoy  intermediate  ones  would  be  used. 
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and         y  —  181.1  +  153.6,       90.5  +  153.6,       60.4  +  153.6      and     45.3  +  153.6; 

or  334.7,  244.1,  214.0  and  198.9  respectively.  Lay  off  these  values  of  y  on  oy'iu. 
pencil,  as  at  y,  y',  y",  and  y"',  using  the  scale  already  laid  off  for  c  on  oy. 

From  each  point,  y,  y'  etc,  draw  a  hor  pencil  line  y/,  y'/'  etc,  and  mark  on  it, 
in  pencil,  the  value  of  n  used  in  determining  its  height  oy  etc. 

Next  say  «  =  tr  X  greatest  value  of  n.  Make  oz  =-=  z  hy  the  scale  of  sq  rts  oiB, 
on  0 «.  In  ou r  case  ox=  153.6  X  04  =  6.144  by  the  scale  of  «5  rte  of  R,  or  =  6.144* 
»=  37.75  by  the  scale  of  R. 

Divide  ox  into  as  many  equal  spaces  (4  in  our  case)  as  .01  is  contained  in 
greatest  n.    Mark  the  dividing  points  with  the  values  of  n,  as  in  our  Fig. 

From  each  dividing  mark  on  ox  erect  a  perpendicular,  {xi'"  etc)  in  pencil,  to 
cut  that  hor  line  (y'"/'''etc)  which  corresponds  to  the  same  value  ol  n.  The 
intersections  are  points  in  a  hyperbola.  Join  them  by  straight  lines  t"  t'\  t"  f^ 
/'/etc. 

From  rin  oz  (corresponding  to  a  mean  rad  of  8.28  ft,  or  1  metre)  draw  radial 
lilies,  r /,  r /',  rt"  etc.  Mark  them  " n  ==  .01 ",  "  n  —  .02  "  etc,  the  same  as  their 
corresponding  lines  yt^y^t'  etc. 

For  each  slope  (S)  to  be  used  in  the  dii^ram  (except  the  flattest,  for  which 
this  has  already  been  done)  say 

/  0028  \ 

<  z"  etc  —  ( 41 .6  +  - —  j  X  g^'taHiii «,    for  English  measure. 

z*,  z"  etc  —  (  23  +       ^  \  X  greatest  n^    for  metric  measure. 
Thns,  our  slopes  are  =  .000025,  .00005,  .0001  and  .01  per  unit  of  length.    Hence, 

^'^^  ^41.6  +  ^)  X  .04  -  1.675. 

Lay  off  each  value  of  z',  z"  etc  from  oy  on  a  separate  hor  pencil  line  i/af  etc, 
using  the  scale  of  sq  rts  of  R  as  on  02. 

Mark  each  line  o'r  etc  in  pencil  with  the  slope  used  in  fixing  Its  length. 

Divide  each  diste/z'etc  into  the  same  number  of  equal  parts  as  ox.  From 
the  dividing  points  (which,  like  those  of  oz,  represent  the  values  of  n)  erect  perps 
to  cut  the  radial  lines  rt"',  rt"  etc,  each  perp  cutting  that  radial  line  which  cor- 
responds to  the  value  of  n  represented  by  the  point  at  the  foot  of  the  perp.  The 
intersections  corresponding  to  each  line  Vz'  etc  form  a  hyperbolic  curve.  Mark 
each  curve  with  the  slope  of  its  correspond int;  line,  ox,  0' x  etc. 

The  drawing  is  now  in  the  shape  proposed  by  Mess  Ganguillet  and  Kutter,  and 
is  ready  for  use  in  finding  either  c,  n,  R  or  S  when  the  other  three  are  given. 
Thus: 

1st.  Having  R,  S  and  n,  to  And  c.  For  example  let  R  —  20  ft,  S  —  .OOOCf, 
n  —  .03.  From  the  intersection  d  of  slope  curve  .00005  and  radial  line  n  —  .03, 
draw*  (2-20  to  the  point  (20)  in  oz  corresponding  to  the  given  R.  At  0,  where 
d-20  cuts  oy,  is  the  reqd  c,  ™  96  in  this  case. 

2d.  Having  R,  S  and  o,  to  And  n.  For  example  let  R  =  20  ft,  S  =*  .00005, 
c  =  96.  Through  the  points  R  =  20  in  oz, and  c  =  96  in  oy,  draw*  d-20  to  cut 
curve  .00005.  n  (=  .03)  is  found  by  means  of  the  radial  lines  nearest  to  the  in> 
tersection,  d. 

3d.  Having  S,  i»  and  e,  to  find  R.  For  example  let  S  =*■  .00005,  n  =  .03, 
c  =  96.  Find  curve  .00005  and  radial  line  n  =  .08.  From  their  intersection  d 
draw  (i-20  through  the  point  e showing  c  =:  96.  Its  intersection  with  oz  shows 
the  reqd  R,  20  in  this  case. 

*  Instead  of  drawing  these  lines,  we  may  use  a  fine  black  thread  with  a  loop  at  on*  eod.  Drive  a 
needle  either  into  one  of  the  points  R  or  into  one  of  the  intersections,  d  etc.  Slip  the  loop  orer  the 
needle.  The  other  end  of  the  thread  i«  held  between  the  flnsrers,  and  the  thread  is  made  to  cut  the 
other  points  as  reqd.  The  diiigrani  xhould  lie  perfectlj  flnt,  and  the  string  be  drawn  tiirht  at  «aoh  ob- 
serration,  in  order  that  rriotion  between  string  and  paper  may  tint  prevent  the  string  from  fomtinira 
straight  line.  Or  the  free  end  of  the  string  may  rest  on  a  pamphlet  or  other  object  about  H  inch  thick, 
to  keep  the  string  clear  of  the  diagram.  Special  oare  must  tbea  be  taken  to  have  tlt«  eje  perp  over 
ttie  point  observed. 
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4tli.  Having  R,  c  and  n,  to  find  S.  For  example  let  R  —  20  ft,  e  —  90, 
H  »-  .03.  Through  R  —  20  and  e  —  96  draw  <i-ae.  S  (.00005)  U  found  Ut  invaiia 
of  the  curves  uearent  to  the  poiul  d  of  iBtersection  of  d-20  vith  radial  line 
»— .03. 

The  fuUowiog  addition  to  Kut tor's  diaffraai.propoaed  by  Mr  Rn4olph  Hering, 
Civil  and  Sauitaiy  Eugiueer,  Philadelphia,**  euables  us  to  read  tB«  veloc- 
ity ftrom  tlie  cUavram. 

Fiud  the  sq  rt  of  the  reciprocal  of  each  slope  to  be  embraced  in  the  diiigmm 

— -v/-; J- — j-i -7.    Lay  off  these  sq  rts  on  the  right  of  oy,  using 

\  slope  per  unit  of  length  '  ^  •  #»         e 

the  scale  of  e  already  laid  dOTon  its  left.    In  our  fig  ve  have  so  proportioned  the 

two  scales  that  — :iii——-  —  — r" •    Mcuk  the  dividing  points  with  the  siopcs 

l/recip  of  S         * 
per  unit  qf  lenglh. 
On  oz  lay  off  the  rels  to  be  embraced  in  the  diagram,  using  the  scale  of  sq  rts 

afR  already  laid  off  on  o»,  and  making —  — — 

1/R      l/recip  ol  8 

1st.  Haying  R,  S  and  »;  to  fhad  ¥.  For  example  let  R  —  20  ft,  S  —  .00006. 
n  »  .03.  From  R  —  20  draw  d-2U  to  the  intersection  d  of  curve  .00005  wiih  radial 
line  n».03.  d-20  cuts  oy  at  e,  where  e*-96.  With  a  parHilfl  ruler  Join  R 
"  20  with  S  =»  .00005  on  oy.  Draw  a  parallel  line  through  c  —  96.  It  cuu  o«  at 
m,  giving  the  reqd  vel,  3.03  ft  per  aec. 

2d.  Having  R,  S  and  v;  to  And  n.  For  example  let  R  —  20  ft,  S  —  .00005, 
»  —  3X)3  ft  per  sec.  With  a  parallel  ruler  join  R  —  20  and  slope  .00005  on  oy. 
Draw  a  parallel  line  throngh  v  —  3.03.  It  cuts  oy  at  «,  where  c  —  96.  Through 
R=-  20  and  c  —  96, draw  d-20  to  cut  curve  .00005.  The  point  dof  intersection, 
being  on  radial  line  n  —  .03,  shows  .03  to  be  the  proper  value  of  n. 

Any  line  drawn  to  the  corves  from  R  —  8.28  ft  or  1  metre,  is  one  of  the  radial 
lines  used  io  raak^g  the  diagram.  It  therefore  necessarily  cuts  all  the  slope 
curves  at  points  showing  the  same  value  of  n. 

Sd.  Having  S,  n  and  v,  to  find  B.  For  example,  let  S  —  .00005,  n  —  .03. 
V  —=  3.03  ft  per  sec.  Assume  a  value  of  R,  say  10  ft.  Find  curve  .00005  and  radial 
line  n  «-  .03.  .Join  their  intersection  d  with  R  *  10  ft.  The  connecting  line  cuts 
oj^  at  e  =—  82.  With  a  parHllel  ruler  Join  c  —  82  with  v  —  3.03,  Draw  a  parallel 
line  tlirongh  slope  —  .00005  on  oy.  It  cuts  0  2  at  R  —  27.8,  showing  that  a  new 
trial  is  necessary,  and  with  an  assumed  R  greater  than  10  fr. 

If  R  thus  found  is  the  same  as  the  assumed  one,  the  latter  Is  correct.  If  they 
are  nearly  equal,  tlieir  mean  may  i>e  taken. 

4tli.  Having  R,  n  and  v ;  to  find  S.  For  exnmi>le,  let  R  —  20  ft,  n  —  .08, 
«-=  3.03  ft  per  sec.  ^M«t»«  a  slope  (say  .0001).  Find  its  curve,  and  radial  line 
a-"  .03.  Join  their  intersection  with  R  -«  20,  and  note  the  value  (89)  of  e  where 
the  connecting  line  cuts  oy.  With  a  parallel  ruler  Join  c ->  89  with  v^ZM. 
Draw  a  parallel  line  through  R  —  20.  It  cuts  oy  at.  sfofie  .000058,  showing  that 
a  new  trial  is  necessary,  and  with  an  assumed  S  flatter  than  .0001.  If  R  is  3.28 
ft, or  1  metre,  the  diagram  gives  the  corrects  at  the  first  trial,  no  matter  what 
8  was  assum^  at  starting.  With  any  other  R,  if  the  diagram  gives  the  same  S 
as  tliat  assumed,  the  latter  is  correct.  If  the  two  differ  but  sliglitly,  we  may  take 
their  mean. 

•  Transaotiont  of  the  American  Society  of  Ciril  Engineen,  January  1879. 
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VELOCITIES   IN   SEWERS. 


Table  of  velA  in  Clreiilitr  Brick  Sewers  when  running  tul\,  by 
Kutter's  formula,  p  272,  but  taking  n  at  .015  instead  of  his  .018,  in  consideratiun 
of  the  rough  character  of  sewer  brickwork  generally. 

When  rnnnlnHT  only  hMir  ftell  the  vel  will  be  the  same  as  when  AiU, 
but  this  is  not  the  case  at  any  other  depth  whether  greater  or  less.  At  greater 
ones  it  increases  until  the  depth  equals  verv  nearly  .9  of  the  diam,  when  it  if 
about  10  per  cent  greater  than  when  either  full  or  half  full.  From  depth  of  .9  of 
the  diam  the  vel  decreases  whether  the  depth  becomes  greater  or  less.  At  depth 
of  .25  diam  the  vel  is  about  .78  of  that  when  full ;  and  then  diminishes  muck 
more  rapidly  for  less  depths.    All  this  applies  also  to  pipes. 

The  vel  for  any  ML  or  diam  intermediate  of  those  in  the  table  can  be  found  by 
simple  proportion.  OriginaL 


FaU 

in  It 

in  ft 

per 
mile. 

2 

3 

4 

6 

8 

19 

16 

20 

l^ft. 

.1 

.19 

.27 

.35 

.50 

.64 

.89 

1.10 

1.84 

X)0I9 

.2 

.80 

.42 

.5;j 

.74 

.93 

1.26 

1.56 

1.84 

.0038 

.4 

.46 

.65 

.80 

1.08 

1.39 

1.81 

2.20 

2.60 

.0076 

.6 

.59 

.81 

1.00 

1.35 

1.70 

2.22 

2.70 

8.18 

^114 

.8 

.69 

.95 

1.17 

1.57 

1.94 

2.56 

3.08 

3.C0 

.0151 

1.0 

.79 

1.07 

1.32 

1.77 

2.16 

2.84 

3.43 

3^ 

.0189 

1.2) 

.89 

1.21 

1.49 

1.98 

2.42 

8.17 

3.8 

4.5 

.0237 

1.60 

.98 

1.33 

1.64 

2.18 

2.64 

8i> 

4.2 

4.9 

.0284 

1.75 

1.06 

1.44 

1.78 

2..^ 

2.85 

8.8 

4Ji 

6.3 

.0881 

2.0 

1.15 

1.55 

1.91 

2.53 

3.1 

4.0 

4.8 

6.6 

.0379 

2.5 

1.32 

1.78 

2.18 

2.85 

8.5 

4.6 

6.4 

6.3 

.0478 

3.0 

1.44 

1.94 

2.38 

3.2 

8.8 

6.0 

6.0 

6.9 

.0668 

3.5 

1.58 

2.10 

2.58 

3.4 

4.1 

6.3 

6.6 

7.4 

.0662 

4. 

1.68 

2.2 

2.7 

8.6 

4.4 

6.7 

6.9 

7.9 

.0768 

5. 

1.90 

2.5 

3.1 

4.1 

4.9 

6.3 

7.6 

8.7 

.0947 

ft. 

2.06 

2.7 

3.3 

4.4 

5.4 

6.9 

8.3 

9.6 

.1138 

7. 

2.2 

3.0 

3.6 

4.8 

5.8 

7.5 

9.0 

10.4 

.1325 

8. 

2.4 

3.2 

3.8 

5.1 

6.2 

8.0 

9.7 

11.1 

.1614 

9. 

2.5 

3.4 

4.1 

5.4 

6.6 

8.6 

10.8 

•11.8 

.1708 

10. 

2.7 

3US 

4.3 

6.7 

6.9 

9.0 

10.8 

12.5 

.1894 

12. 

2.9 

3.9 

4.8 

6.3 

7.6 

9.9 

11.9 

18.6 

.2273 

15. 

3.3 

4.4 

5.4 

7.1 

8US 

11.0 

18.3 

16.8  ■ 

.2841 

18. 

3.6 

4.8 

6.9 

7.7 

9.8 

12.1 

14.6 

16.7 

.8409 

21. 

3.9 

51 

6.3 

8.4 

10.0 

18.0 

16;7 

17.9 

J»75 

24. 

4.2 

5.5 

6.8 

8.9 

10.8 

18.9 

16.8 

19.2 

.4546 

27. 

4.5 

5.9 

7.2 

9.5 

11.4 

14.8 

17.9 

20.4 

J»I09 

30. 

4.7 

6.2 

7.5 

9.9 

12.0 

15.6 

18.8 

21J5 

.6682 

83. 

5.0 

6.7 

8.2 

10.8 

13.0 

16.8 

204 

28.2 

.6629 

40. 

5.4 

7.1 

8.7 

11.5 

18.9 

18.0 

21.7 

24.8 

.7576 

45. 

5.6 

7.5 

9.2 

12.2 

14.8 

19.1 

23.0 

26.3 

.8623 

50. 

5.9 

8.0 

9.7 

12,8 

15.5 

20.1 

24.2 

27.7 

.9470 

60. 

6.5 

8.7 

10.7 

14.1 

17.0 

22.1 

26.6 

80.3 

1.136 

2: 

70 

9.4 

11.6 

15.2 

18.4 

28.9 

28.5 

82.8 

1.826 

7.4 

10.1 

12.3 

16.2 

19.7 

26.5 

31.0 

85.0 

1.615 

90. 

7.9 

10.7 

13.1 

17.2 

20.9 

27.0 

32.8 

87.1 

1.706 

1«0. 

8.4 

11.3 

13.8 

18.2 

22.0 

28  JH 

34.1 

39.1 

1.894 

A  vel  of  10  re  per  see  -<  600  ft  per  minute  >.  36000  ft,  or  6.818  miles  per 
hour.  About  5  ft  per  sec  is  as  great  as  can  be  adopted  in  practice  to  prevent  the 
lower  parts  of  the  sewers  from  wearing  away  too  rapidly  by  the  debris  carried 
along  by  the  water. 

Art.  23.    Tbe  rate  at  whlcb  rain  water  reaches  a  sewer  or 

pulvert,  etc,  mnv,  according  to  the  aduiira»ile ''Report  on  European  Sewernge 
Systems"  by  Mr.  Rudolph  Herfng.  Civ.  and  San.  Eng.  of  Philads,  be  found 
approximstPly  l.y  the  following  formula  by  Mr  Burkll-Zlegler.  See  Trans.  Am. 
Soc.  C.  E,  Nov  1881. 
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?.!;•  ("V  JEfi"  A  coef  Av.  cub.  ft.  of  rainfall 

wr^reach-^    according    X  per  second  per  acre,  X 
ingTOwer       ^  judgment         during  heaviest  fall. 


*  /AvT 
\No. 


slope  of  ground 
fget  per  1000  ft 

ofacresdrained 


His  eoeffieient  for  paved  streets  is  .75:  for  ordinarv  cases  .625;  and  for 
suburbs  with  gardens,  lawns,  and  macadamized  streets  .31.  Xlls  aTemse 
heftirlest  fall  is  from  1}  to  2f  ins  per  hour.  To  this  the  writer  will  add 
that  each  Incli  of  rainfall  per  boar,  corresponds  closely  enough  to  1  cub  fl; 
per  sec  per  acre;  so  that  if  we  liberally  allow  for  8  or  4,  etc,  ins  per  hour  of 
average  heaviest  rainfall,  the  third  term  of  the  above  equation  also  becomes 
simply  3  or  4,  etc. 

Exaati^e.  If  an  ares  of  8100  acres  (nearly  5  iq  niles),  with  an  arerage  alofM  of  5  ft  per  1000  ft, 
receives  a  raipfUl  averaging  3  ins  per  hour  when  beavieit,  then.  aaKuming  a  coeffleient  of  J5,  the  rate 
at  whieh  the  water  wonld  reach  the  month  of  a  Mwer  at  tha  lower  end  of  Um  SlOO  aorta  woold  be 


.5  X  3  X  ^^iVo  =  •&  X  3  X  -ZOS  =  .306  cub  ft  per  sec  per  acre; 
or  jsm  X  8100  =:  9i6JS  cub  ft  per  see,  tolai. 

Now  suppose  the  fall  of  the  intended  sewer  to  be  eay  i  ft  per  mile :  and  that  for  fear  of  tiM  too  rapid 
wearing  away  of  its  brickwork  by  debris  swept  along  hf  the  water,  we  limit  iu  vel  to  6.3  ft  per  see. 
which  may  be  permitted  on  occasions  as  rare  as  rains  of  8  Ins  per  hour,  nltboapch  for  tnlemblr  oonMUnt 
How,  where  liable  to  debris,  it  ahould  not  exceed  about  S  ft  per  see.  To  Had  tke  dlaateter,  look 
in  the  Table  of  Vels  in  Sewer«,p279e.for  a  diam  corresponding  as  near  aH  mar  be,  to  a  vel  of  6.3. 
and  to  a  rail  nf  4  ft  per  mile.  We  find  this  dlam  to  be  14  ft,  the  area  of  which  is  154  sq  ft.  Hence, 
154  X  6.3  =  970  eub  ft  per  sec  =  capacity  of  sewer.  This  is  a  trifle  more  than  our  iH5.5  cub  fi  per 
■ec  ef  rainfall ;  nevertheless,  to  aUow  for  deposito  in  (he  sewer,  it  wonld  be  advisable  to  increase  the 
diam  say  to  14.5  or  15  ft. 

Rem.  Mr  Wlcksteed,  an  experienced  EngrllAb  bydranll- 
dan,  ftrlTes  tbe  following^  table  of  tbe  least  vels  and  irrades 
or  falls,  to  be  irlTen  to  drain-pl|»es  and  sewers  in  cities,  in  order 

that  they  may  under  ordinary  circumstances  keep  themselve<«  elean.  or  free  from  deposits.    He  n* 
oommends  that  no  drain  pipe,  even  for  a  single  common  dwelling,  shall  be  let  than  6  ins  diam. 


Grade. 

Grade. 

Diam. 

Vel.  in  ft. 

Grade, 

Feet  per 

Diam. 

Vel.  in  ft. 

Grade, 

Peel  per 

In  Inches. 

per  Min. 

lin 

MileV 

In  Inches. 

per  If  in. 

lin 

Mile. 

240 

86 

146.7 

18 

180 

294 

18  0 

220 

66 

81.2 

21 

180 

843 

15.4 

220 

76 

6!)  5 

24 

180 

892 

185 

2i0 

87 

60.7 

30 

180 

490 

108 

220 

98 

53.9 

36 

IHO 

588 

>  9.0 

10 

210 

119 

44.4 

42 

180 

686 

7.7 

n 

200 

145 

36.7 

48 

180 

784 

6.8 

I'i 

190 

175 

30.2 

54 

180 

882 

6.0 

15 

180 

244 

21.6 

60 

180 

980 

5.4 

'Wellfbt  per  foot  run  of  (lased  terra  cotta  pipes  for  draics.  etc. ;  made 
/  Moorhead  Clay  Work%  Spring  Mill  (office  No.  11  tiuuth  7th  Sr.),  Philadelphia, 
fet  prlfscs  per  foot  run  adopted  by  tbe  Uoitcd  St^wer  pipe  Makers  of  tbe  United 
States,  March  1887.  Discounts,  1888,  from  40  to  60  per  cent,  on  siaes  smaller  than 
15  inch,  to  20  to  M  per  cent,  on  30  inch.  l*'or  larger  siaes,  address  the  makers, 
as  above. 


^e 


Drain  pipe,  with  socket  joint 

Sewer  pipe,  with  sleeve  joint 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

Bore 

Wt 

Price 

ins 

lbs 

S 

ins 

lbs 

t 

ins 

lbs 

$ 

ins 

lbs 

S 

2 

4 

0.14 

6 

18 

0.30 

15 

45 

1.25 

80 

150 

6.50 

3 

7 

0.16 

8 

22 

0.45 

18 

65 

1.70 

36 

195 

7.00 

4 

10 

0.20 

10 

30 

0.65 

21 

89 

2.50 

42 

203 

8.60 

5 

12 

0.25 

12 

33 

0.85 

24 

100 

3.25 

48 

230 

10.50 

The ioints  are  filled  with  cement  mortar;  or,  when  used  for  drainage  only, 
with  clay.  Drain  pipes  (3  to  12  ins  bore)  are  about  {  inch  thick.  A  bend  or 
branch  costs  about  as  much  as  from  3  to  5  feet  of  pipe.  The  48-inch  pipes  are 
about  2  ins  thick. 

Art,  24.  Wlien  tbe  area  of  eross  section  of  cbannel  Is  re« 
dneed  at  any  point,  as  by  a  dam  (Fig  33,  p  279  e),  or  by  narrowing  ir,  either 
at  its  sides  (Fig32Tor  bv  placing  in  it  a  pier  etc.  Fig  34;  a  portion  at  least  of 
the  force  of  grav  (which  would  otherwise  be  giving  vel  to  the  water  up-stream 
from  the  point  where  the  obstruction  takes  place),  causes  pressure  against  the 
dam  etc.    This  pres  maintains  the  up-stream  water  at  a  higher  level  than  ' 
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would  otherwise  have.  Said  water  is  tben  practically  in  a  reservoir',  i  e,  it  hat 
less  vel  and  greater  pres  thau  before.  If  the  reservoir  has  uo  outlet,  there  is  no 
vel ;  and  all  of  the  head,  or  force  of  grav,  acting  on  the  water  is  expended  in prea. 

But  if  there  is  an  outlet,  as  over  the  dam,  or  between  the  piers  etc,  a  poriiou 
CO,  Figs  31.  33,  34,  of  this  pres  or  head,  is  expended  in  giving  vel  (or  an  accelera- 
tion of  vel)  to  the  water  escaping  by  that  outlet;  after  which  only  so  mueh 
head  (in  the  shape  of  surface  slope)  is  needed  as  will  overcome  the  resistances 
of  the  channel  oown-streanj  from  the  obstruction,  and  so  mainiain  uniform  the 
vel  fflven  to  the  water  by  the  head  co. 

Where  a  large  canal,  such  as  those  intended  for  navigation,  is  fed  from  a  reser- 
voir, the  fall  CO  in  feet  is  approximately 

=  mean  velocity'  in  canal,  in  feet  per  second,  X  *017 ; 

and  Id  smaller  canals,  such  as  mill  courses, 

=s  mean  velocity*  in  canal,  iu  feet  per  second,  X  '02. 

The  abruptness  of  the  fall  may  be  diminished  by  rounding  off  or  sloping  the 
edges  of  the  piers,  or  the  corners  at  tlie  sides  of  the  channel  (Fig  32)  or  the 
approach  to  the  dam  (Figs  1  to  4,  pp  283,  284). 

Fig  33  is  a  cross  sect  ion  of  Clegg*»  aam,  across  Cape  Fear  River,  N.  C.  It 
is  from  measurements  made  by  Ellwood  Morris,  C  E;  by  whom  tliey  were  com- 
municated to  the  writer.  The  dam  is  of  wooden  cribwork ;  and  its  level  crest, 
8  ft  5  ins  wide,  is  covered  with  i^ank  :  along  which  the  water  glides  in  a  smooth 
sheet,  6  ins  drep,  (at  the  time  of  measurement).    At  the  upper  end  of  this 

■heet,  and  iu  adist  of  about  2  ft,  a  head  co  of  9  ins  forms  itself,  as  in  the  fig. 


Fifj33 

For  Constmrtflo^  of  Dams,  see  p  282,  etc 

a. 


PiqSl 


Cancil 


Pi  6  34 
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Art.  25.  Scour.  In  a  chRnnel  of  uniform  and  emtstiint  slope  aii4  eroM 
Miiioii,  the  vel  uf  the  particles  of  water  immediately  Mdjoiiifnff  the  bottom  and 
»Ui^  is  very  sliglit;  and  hut  little  scouring  takes  place.  But  when  irregular- 
ities in  the  slope  ur  cross  section  occur,  as  in  the  last  article,  tlie  bcour  is  greatly 
iucreased  in  tlieir  immediate  neighborhood. 

Tlie  erection  of  one  or  two  piers  in  a  quite  large  stream,  will  frequently  pro- 
duce au  almost  incredible  amount  of  scour,  if  the  bottom  is  at  all  of  a  yielding 
nature.  The  greatest  scour  of  course  lakes  place  during  freshet« ;  and  near  the 
olfittrrction. 

Bconrliiir  action  Is  impposed  to  be  as  sqnare  of  vel. 

According  to  SmeRton,  a  rel  of  8  miles  ao  hour  will  not  derange  qaarry  rubble  atones,  not  exceed* 
lag  hair  a  cub  ft.  deponited  aronnd  plert.  Ac;  except  br  washing  the  soil  from  umler  them, 
i  Inch  per  see.  =^  5  ft  per  mln.  -  .05fift|H  of  a  mile,  or  800  ri  per  boar. 
1  foot  per  sec.  =  60  ft  per  min,  =  .«81816  of  a  mile,  or  3fi00  fi  per  hoar. 

To  rethiee  liich«s  per  see,  to  feet  per  minute,  multiply  by  5. 

"  ••  "  ''       "         "        "  •'     hour.  ••  "    300. 

^ "  "  "  "        "       to  miles  per  hour,  divide  bj  17.6. 

Om  mile  per  hour  =-88  ft  per  min  =  i.4i>7  ft,  or  IT.t  ias  per  eee. 

The  two  following  tables  are  (with  many  currections)  from  Nicholson's 
Arehiteotare ;  and  moat  be  h>olced  upon  merely  as  probable  approximations.  They  suppose  the  piers, 
Ae,  to  be  properly  roanded  or  pointed  at  their  apstreaiu  ends,  so  a^  to  give  as  free  a  passage  as  pos- 
sible to  the  water.  He  says  that  if  they  are  square  ended,  the  head  will  be  increased  about  50  per  ot. 
The  subjeet  is  an  extremely  Intricate  one,  and  admiu  of  no  precise  solution.  If  the  increased  vel 
sooars  away  the  bottom  until  the  area  of  water- way  become*  a*  great  as  it  originally  was,  the  head 
disappears ;  and  the  vel  also  becomes  reduced  to  its  original  rate.    This  ie  eowmon  in  soft  bottom*. 

TABLE  Of  beads  proilnee«l  by  obstrnetlons  to  streams. 


Original  Vel. 
of  Stream.* 


Kind  of 
which  begins  to 
wear  away  under 
Bottom  Vel.  equal 
to  those  in  the 
ilrst  three  cols. 


I... 

Pu 

Miles. 

s 

% 

.170 

« 

H 

.341 

12 

1 

.681- 

24 

1.3* 

M 

X.Oi 

48 

2.72 

m 

3.41 

1i 

4.00 

ito 

10 

8.81 

Ooxe.  and  Mud... 

Clay 

Sand 

Gravel 

Small  Shingle.... 
Large       "      . . . . 

SoftShistus 

Siraiifled  R.tckd.. 
Hard  Rooks 


Froportioii  of  Area  of  original  Water-way, 
ooGupied  by  the  Obstnioi^onst 


Head  of  Water  proino^tl  at  the  Obstruotioiu  i  ia 
Fe«t. 


.0003 

.0004 

.0004 

.0006 
.0023 

.001 

.6014 

.0033 

.0067 

.00111  .0014 

.0017 

.001 

.0058     .01.13 

.0267 

.0045    .0058 

.0069 

.0091 

.015 

.0231 

.0532 

.1069 

.0182 

.0225 

.0278 

.0381 

.080 

.0924 

.2128 

.4276 

.0109 

.0507 

.0621 

.0819 

.1.15 

.2079 

.478S 

.9621 

.0728 

.0902 

.1104 

.1458 

.240 

.3696 

.8412 

1.710 

.1137 

.1410 

.1725 

.2275 

.875 

.5775 

1.3-20 

2.672 

.18.18 

.2030 

.2484 

.3278 

.MO 

.8316 

1.915 

3.848 

.4530 

.5640 

.6901 

.9100 

1.50 

2.310 

5.280 

10.69 

.0161 
.0646 
.25^4 
1.036 
2..126 
4.144 
6  4/5 
9.301 


TABLE 
renncied,  or  pointed  obstrnetlons. 

log  to  Nicholson,  he  increased  %  part. 


Increased  Teloeltles  produced  at  and   by 

If  square,  these  vel«i  must,  accord- 


Original  Vel. 
of  Stream.* 

Proportloii  of  Area  of  Waterway,  oocupied  by  the  Obstrnotions. 

A  1  A  1  i  1  i  1  i  1  i  1  i  1  f  1  } 

P«r%(| 

Per 

h-.Fk 

Miles. 

Velocity  prodnoed  at  the  Obstmction  in  Feet  per  Feoond. 

1    ^ 

.W 

.96 

.» 

.80 

.83 

.85 

.304 

.52 

.7 

1.06 

i5  1 

.841 

.56 

.58 

.60 

M 

.70 

.788 

1.06 

1.4 

J.l 

J81 

1.13 

1.16 

1.20 

l.M 

1.40 

1.58 

2.1 

2.8 

4.2 

2   * 

136 

2.27 

3J» 

2.40 

2.52 

280 

3.16 

4.2 

6.6 

8.4 

N     3 

2.04 

3.89 

8.48 

8.60 

8.78 

4.20 

4.74 

6.3 

8.4 

12.6 

£   ♦ 

tAt 

4.54 

4^66 

4.80 

bM 

5.60 

6Ji2 

8.4 

11.2 
14.0 

16.8 

t  * 

3.41 

5.60 

5.80 

6.00 

6  40 

7.00 

7.88 

10.5 

21.0 

,2   • 

4.09 

6.78 

6.96 

7.20 

7.56 

8.40' 

9.48 

12.6 

16.8 

25.t 

■"  ■"i'-" 

11.S 

11.6 

12.0 

12.6 

14.0 

15.8 

21.0 

38.0 

42.0 

*  A  very  vaaoe  expreaeion.    Does  it  refer  to  the  greatest  snrtaoe  vel  at  mid-channel ;  or  to  the  meaa 
il  of  the  entire  cross-secttMi  7 


y  Google 
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Art.  20.  The  resistance  of  water  against  a  flat  snrfaee  mov- 
Ingr  tbronirli  it  at  riicrbt  angles,  is  nearly  as  the  squares  of  the  vel;  and, 
according  to  Hutton,  ita  amount  in  tt)s  per  sq  ft  approx  =  Square  of  vel  in  ft  per 
sec.    Or  liiie  tiie  pres  of  a  rnnninir  stream  against  a  perp  fixed  flat 

•urfaee,  it  is= wt  of  a  col  or  water  whose  bane  =:  pressed  surf,  aod  whose  bt  ==  head  due  to  the  rel  as 
per  table  p  368. 

The  resist  of  a  sphere  is  to  that  of  ita  great  circle  about  as  I  to  2.9. 

When  the  moving  surf.  Instead  of  being  at  right  angles  to  the  direction  in  which  it  mores,  fonas 
another  angle  with  it,  the  resistance  becomes  less  in  about  the  following  proportions.  Therefore, 
when  the  surf  is  inclined,  first  oalculate  the  resistance  as  if  at  right  angles ;  and  then  mult  by  the 
following  decimals  opposite  the  angle  of  inclination : 


90P.. 

..I.OO 

60O... 

.  .88 

40°  .. 

.  .58 

20°.. . 

.  .16 

80  .. 

..  M 

55  ... 

.  .83 

85  .. 

.  .46 

15  ... 

.  .10 

70  .. 

..  .95 

60  ... 

.  .76 

80  .. 

.  .84 

10  ... 

.  .06 

65  .. 

..  .93 

45  ... 

.  .68 

25  .< 

.  .24 

5... 

.  .02 

The  scour,  or  abradinir  power  of  ntovliiir  water  is  considered  to 

be  as  the  square  of  ita  vel. 
Art.  27.    To  caicniate  the  horse-pow^er  of  faiiiug:  water,  on 

the  ordinary  assumption  that  a  horse-power  is  equal  to  83000  lbs  lifted  1  foot  vert  per  niin.     That  of 

average  horsed  is  really  but  about  %  as  much,  or  22000  lbs,  1  foot  high  per  rain.    Mult  together  the 

number  of  cub  ft  of  water  which  fall  per  mln  ;  the  vert  height  or  bead  in  feet,  through  which  it  falls; 

and  the  number  62.8,  (the  wt  of  a  cub  ft  of  water  in  lbs  :)  and  div  the  prod  by  83000.  Or,  by  formnla, 

cu5/<     ^         vert         v^    lb* 

The  number  of  ^  per  min  -^  heigJUinfi  ^  62.8 

koreepowere         iioOO 

Ex.  Over  a  fall  16  ft  in  v^t  height,  800  cab  ft  of  water  are  diselid  per  mtn.  How  many  hene* 
powers  does  the  fall  afford  ? 

cub  ft      ft        Dm 
H^    800  X  16  X  62.3  __  797440  _,.,,.  ^^ 

^•~'   88000 WWO   -  **•"  ^-P**"- 

Water-wheels  do  not  realise  all  the  power  inherent  in  the  water,  as  fonnd  by  out 
rale.  Thus,  undershots  realize  but  ftom  H  ^  Hi  breast- wheels,  ^ ;  overshota,  from  H^Hl  tar- 
bines,  9i  to  .85  of  it;  according  to  the  skill  of  design,  and  the  perfection  of  workmsnsblp.  Even  when 
the  wheel  revolves  in  a  close-Otting  casing,  or  breast,  elbow  buckets  give  considerably  more  power 
than  plain  radial  or  center- bucketa.  Of  the  power  actually  received  by  a  wheel,  part  is  expended  in 
friction.  Ae ;  while  the  remainder  does  the  tur^/W  or  paying  net  work  of  raising  water,  grinding 
grain,  saving,  Ac. 

Observations  by  Ctoni  Haopt,  in  1866,  gave  the  following  results  for  a 
small  hydraulic  ram.  Head  of  water  to  ram  =  8.812  it ;  diam  of  drive-pipe  = 
1^  ins;  length  15  ft.  Diam  of  delivery -pipe  =  H  inch;  length  200  ft.  Vert  height  to  whieh  the 
watar  was  raised  by  the  delivery-pipe,  63.4  feeu  Strokes  of  ram  per  min,  170.  Qaantlty  of  water 
whieh  worked  the  ram  =  768  cub  ins,  =r  3.31  galls,  =  27.78  lbs  per  min.    Quantity  raised  6S.4  ft  high 

Ibi  water        ft  ft^&s 

per  min,  =  48  cab  ins,  =  1.736  lbs.    Hence  the  power  expended  per  min,  WM  27.73  X  8.812  =  M4.S6. 

Ibi  water       ft  ft-IlM 

And  the  useful  effect,  was  1.786  X  63.4  =  110.06.    Hence  the  ratio  which  the  «se/u(  tfftct  bears  toth* 

110.06 
power  in  this  iastanoe,  is  ,  or  .46.   The  acfuol  power  of  the  ram  is,  however,  greater  than  this, 

inasmuch  as  it  has  to  overcome  the  friction  of  the  water  along  the  delivery-pipe.* 

To  And  the  horse-po^er  of  a  rnnninip  stream.    Water-wheels 

with  simple  float- boards.t  instead  of  buckets,  are  sometimes  driveu  by  the  mere  force  of  the  ordinary 
nstural  current  of  a  stream,  witbout  any  appreciable  fall  tike  that  in  the  foregoing  ea*e.  In  such 
eases,  we  must  substitute  the  virtutU  or  theoretic  bead ;  whieh  is  that  which  wouM  impart  to  it  the 
same  vel  which  it  actually  has.  This  virtual  head  may  be  taken  at  ouce  from 'J'ahle  p  358.  Thus,  a 
stream  has  a  vel  of  2.386  miles  per  hour:  or  210  ft  per  min ;  or  3H  ft  per  sec ;  and  in  the  column  of 
heads  in  Table  10,  opposite  te  8.6  vel  per  sec,  we  find  the  reqd  head  .liW  of  a  ft.  Having  thas  found 
the  head,  we  must  now  find  the  quantity  of  water  which  passes  any  given  area  of  the  stream  i«  a 
min.  Thus,  suppose  that  the  fmmersecl  part  of  a  float  whea  vert  is  6  ft  long,  and  1  ft  wide  or  deep ; 
then  the  area  of  this  part  which  receives  the  force  of  the  ctirrent,  is  5  X  1  =  6  square  feet.    Hence, 

araa  vel 

6  sq  ft  X  210  =  1050  cab  ft  per  min.  Having  now  the  cab  ft  per  min,  and  the  vert  height  or  head, 
the  number  of  horse-powers  of  the  stream  of  the  given  area,  is  found  by  the  foregoing  role,  or  foranla. 


*  A  committee  of  the  Franklin  Institute,  in  1850,  gave  .71  as  the 

coeffloient  for  a  ram  at  the  Girard  College,  in  which  the  diam  of  drive-pipe  was  2H  in:  ita  tength, 
160  ft;  fall,  14  ft.  Delivery-pipe,  1  inch  diam ;  2210  ft  long:  vert  rise,  or  height  te  wbleh  the  water 
was  raised.  93  ft.  No  details  of  the  experiment  are  given.  Some  large  rams  In  France  give  a  umj/M 
efect  of  from  .6  te  .65  of  the  whole  power  expended.  It  is  an  excellent  machine  for  many  parposas.; 
and  is  sometimes  used  fbr  filling  railway  tanks  at  water  stations. 

t  Such  wheels,  for  floattnir  mills.  In  Enrope,  rarely  exceed  15  ft 

diam.  Whatever  the  diam,  they  may  have  about  18  te  20  floata.  The  noata  are  from  8  to  16  ft  long; 
and  about  ^  te  ^  M  deep  as  the  diam  of  the  wheel.  They  should  not  dip  their  entire  depth  into 
the  water,  but  nearly  so.  They  should  not  be  in  the  same  straight  line  with  the  radii ;  but  should 
incline  from  them  30°  up  stream,  te  produce  their  full  effect.  All  these  remarks  apply  to  wheels 
moving  freely  in  a  wide  or  indefinite  ehannel ;  as  in  the  case  of  a  floating  mill,  bailt  on  a  nenw,  and 
anchored  out  in  a  stream :  but  not  to  wheels  for  which  the  water  is  dammed  ap.  and  acta  with  a  pr«e- 
tteal  fall.  No  great  exactness  is  te  be  expected  in  rales  on  this  snbjeet.  The  best  vel  for  (be  wheel 
is  aboat  .4  that  of  the  stream. 
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Bat  In  praettoe  Um  wJk««l«  aotaallj  icsUm  but  aboat  ^  of  (hi*  powor  ig^M«  «lr««m,  wben  ir<Mrklag 
fai  ui  open  ebannel ;  nnd  still  less  when  tbe  wxter  flows  wUh  (*«  $am«  vel  throagta  a  oaiT«w  artificial 
ehsanel,  bae  little  wider  thao  the  wheel.  Thereiore,  the  netnal  power  of  our  wheel  will  be  bat  JI77  X 
.4=  .ISoe ;  ar  aboat  ^  of  a  bona  powar ;  or  SNOO  X  .UOe=:  4»f6  ft-fto  per  mlo.  Making  a  roagb 
aHowaiioa  for  tbe  Metioa  of  tbe  maeblne  at  lu  jouraala,  4o.  we  abotUd  bare  oaj  about  4400  ft -Iks  of 
tMfml  power ;  that  ia.  the  wheal  woald  aoioallj  raise  aboat  440  fts  10  ft  high ;  or  44  ft*  100  ft  bigb.  4c. 
per  mio.  The  vel  of  tbe  stream  must  not  be  measured  at  tbe  snrfaee  ;  bat  at  aboot  M  of  tbe  depth  to 
which  the  flonts  are  to  dip,  or  be  iauoersed.  This,  boweTer.  is  ebie fly  »oeeMar7  ta  abaUow  streaow, 
ia  whieb  tbe  depth  of  tbe  float  bears  a  eoosiderable  ratio  to  that  of  tbe  water. 

.  Tbin  |M»wer  of  a  rnnnliiir  stream,  (for  any  rlTen  area  of 
tranM verse  neetion,)  Increases  as  the  eiibes  of  tbe  Tels;  for,  us 

we  hare  aeeo.  tbe  power  io  ft-fts  per  niin  is  foaod  by  mult  together  the  weight  of  water  which  passce 
throogh  tbe  eeeiloD  in  a  mio,  aod  tbe  virtaal  head  lo  ft ;  «od  noee  this  weight  laereasee  as  the  vol, 
sod  this  head  as  ihe  square  of  tbe  vel.  tbe  prod  of  tbe  two  (or  the  power)  aaet  be  at  tbe  cube  of  tbe 
vel.  Therefore.  If  tbe  vel  la  tbe  foregoing  case  bad  been  10.5  ft  per  aee.  or  •  tiaiee  S.6  ft,  tbe  power 
ef  the  wbeal  would  have  been  27  tiaea  aa  great,  or  .1506  X  27  =  4.07  bone-powers. 
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DAMS. 

We  CAT!  devote  bnt  little  space  to  this  subject,  !n  addition  to  what  is  said  on 
earthen  dams  for  rttservoirs,  p  287 ;  and  8n  scone  ones,  p  2*29,  &o.  Those  we  shall 
iiow  describe  will.also  answer  for  such  resenroirs,  when  the  peiishable  nattiVe  of 
timber  id  nut  an  ol^ection. 

Primary  re^inlslt^s,  in  the  erection  of  dams,  are,  a  foundation  suffi- 
ciently firm  to  prevent  them  from  settling,  and  thus  leaking;  the  prevention 
of  leaks  through  their  backs,  or  under  their  bases;  and  the  prevention  of  wear 
of  the  bottom  of  tlie  stream  in  front  of  the  dam,  by  the  action  of  the  falling 
water.  For  the  first  purpose,  hard  level  rock  bottom  is  of  course  the  best:  and 
should  be  chosen,  if  possible.  In  that  case,  thick  planks,  H,  Fig  6,  (single  or 
double,  as  the  case  may  be,)  closely  Joint-ed,  and  reaching  from  the  crest,  c,  to 
the  back  lower  edge  w,  (where  they  siiould  be  scribed  down  to  the  rock ;)  with  a 
good  backing,  b,  of  gravel,  will  suffice  to  prevent  leaks.  Gravel,  or  rather  very 
gravelly  soil,  is  far  better  than  earth  for  this  purpose;  for  if  the  water  should 
cliance  to  form  a  void  in  it,  the  gravel  falls  and  stops  it.  To  prevent  this  back- 
ing from  being  disturbed  near  the  crest  of  the  dam,  by  floating  bodies  swept 
along  by  freshets,  a  rough  pavement  of  stones,  about  15  to  18  inches  d^ep,  as 
shown  in  Fig  7,  should  be  added  for  a  width  of  about  10  to  20  feet;  or  until  its 
top  becomes  3  to  5  feet  below  the  crest  c  of  the  dam,  according  to  circumstances. 


In  Fig  1,  (a  dam  on  the  Schuylkill  navigation,)  the  upper  timbers,  c,  are  all 
close  jointed,  and  laid  touching,  so  as  not  to  require  planking  in  addition. 

But  if  the  bottom  of  the  stream  is  gravel  or  earth,  there  must  in  addition  to 
these  be  used  two  thicknesses  of  sheet  piles,  p.  Fig  2,  <&c,  close  driven,  breaking 
joint,  to  a  depth  of  several  feet,  to  prevent  leaking  through  the  soil  beneath 
the  base  of  the  dam.  Frequently  but  one  thickness  is  used.  If  the  bottom  is 
soft,  or  open  for  a  depth  of  only  a  few  feet,  it  is  at  times  better  to  remove  5t,  and 
base  the  dam  on  the  firmer  stratum  below  ;  still,  however,  using  the  sheet  piles. 
Old  decayed  timber  and  other  rubbish  should  be  removed  from  the  base.  In 
very  bad  soils  of  greater  depth,  it  may  be  necessary  to  support  the  dam  entirely 
upon  a  platform  resting  on  bearing  piles.  Here  great  precautions  are  neces- 
sary ugainst  leaks;  but  the  case  occurs  so  rarely,  that  we  shall  not  stop  to  con-/ 
sider  it.  ' 

As  to  the  wearing  away  of  the  bottom  of  the  stream  by  the  water  fallinu[  over 
the  front  of  the  dam,  precautions  should  be  used  in  all  oases  except  that  of  very 


hard  rock,  or  of  medium  rock  protected  by  a  considerable  depth  of  wat«r.  The 
dam,  Fig  1,  was  built  upon  a  tolerably  firm  micaceous  gneiss  in  nearly  vertical 
strata,  covered  bylabout  2  feet  of  water  in  ordinary  stages.  In  89  years  the  rock  wu 
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Figr.  3. 


worn  away  in  front  of  the  dara,  as  ihowu  la  the  Bg.  to  the  average  depth  uf  S  feet;  or  very  nearlj  I 
ioeh  per  /ear.  The  depth  of  water  uu  the  ureKi  c,  wa^  uxually  rrom  6  to  IH  in* ;  rareljr  6  or  6  ft  dmC' 
lag  freaheia ;  aud  but  a  few  timtM  duriug  the  whole  period,  8  or  V  ft. 

At  Jones's  dam,  on  C'-ape  Fear  River;  height  of  dam,  16  ft;  frout  Tert; 

tall,  asuallj  10  ft,  ioto  6  ft  depth  of  water;  the  soft  ^hale  ruck,  iu  vert  Mtrata,  was,  iu  the  course  of 
a  few  years,  worn  awaj  16  ft ;  aud  the  daui  was  uuderuiiued  to  Muoh  an  exteut  as  to  faU  into  the  caviij. 
Id  another  case,  dam  36  ft  high ;  trout  vert;  the  water  faUiug  upon  uearljr  vert  strata  of  hard  shale 
rock,  usually  covered  by  bat  about  2  ft  of  water :  in  about  20  years  wore  It  to  aa  irregular  depth  of 
from  10  to  'iO  ft;  and  extending  from  the  very  face  of  the  dam.  to  70  or  HO  ft  in  frout  of  iu 

In  Fig  i,  upon  a  stream  subject  to  very  violeut  freshets,  the  gravel  was  washed  away  for  a  consid- 
erable width  and  depth  beyond  the  apron,  as  at  k.  To  prevent  a  repetition,  the  cavity  was  tilled 
with  crib  work  ftUl  of  stone,  dear  across  the  river. 

A  deposit  of  blocks  of  loose  stoue,  of  even 
a  ton  weight  or  more,  will  not  serve  as  a  pru> 
tectiou  in  front  of  a  daui  exposed  to  uigh 
fresheu;  but  will  soon  be  swept  away,  a 
common  precaution  against  this  wear,  in  low 
dams,  is  an  ajrrois,  «a,  Fig  2 ;  or  dd.  Fig  3 ; 
of  either  rough  round  tree  trunks,  or  of  hewn 
timber,  laid  dose  together ;  exieudiug  under 
the  entire  base  of  the  dam,  and  from  15  to  SO 
ft  in  front  of  its  faee.  These  are  sometimes 
bolted  to  pieces,  ««,  Fig  2 ;  or  jry.  Pig  S ;  laid 
nnder  them  across  the  stream.  In  Fig  S, 
with  very  soft  bottom,  thbse  pieces  yy  are 
supposed  tn  be  bolted  to  short  piles  I  (,  driven 
for  that  purpose. 

At  times  a  distinct  wide  low  timber  crib,  filled  with  stone,  and  covered  on  top  wit'i  stout  plauk. 
bss  been  placed  in  front  ef  the  dam,  to  receive  the  fall  of  the  water;  and  is  etfective  iu  protectiug 
the  bottom.  Also,  in  some  caflcs.  a  dam  of  less  height,  and  of  cheap  character,  has  beeu  built  ut  a 
short  distanoe  down  stream  from  the  main  one,  in  order  to  secure  at  all  times  a  deep  pool  in  front 
of  the  latter  for  breaking  the  force. 

C  Another  precaution    is   to 

substitute  a  sloping  front  like 
cl.  Fig  4,  or  such  as  Figs  1 
and  2  would  form  if  reversed, 
for  the  nearly  vert  one  of  the 
other  flgs ;  thus  to  someextent 
reducing  the  force  of  the  wa- 
ter. This,  however,  is  but  a 
partial  remedy,  especially 
for  soft  bottoms  in  shallow 
water;  for  the  nlidiug  sheet 
still  descends  with  great  force. 
The  best  form  of  dam,  pw- 
haps,  in  such  cases,  is  that 
shown  in  Fiff  &,  in  which  the 
front  consists  of  a  series  of  steps  of 
about  1  vert,  to  :-<  or  4  hor.  These  ef- 
fectually break  the  foroe  of  the  water; 
and,  with  the  addition  of  an  apron  oo, 
secure  a  satlBfaetory  result.  It  is  ob- 
jected aKainst  this  form,  as  also 
against  Figs  4  and  6,  that  their  fronts 
are  liable  to  be  torn  by  descending 
trees,  ice.  and  other  liodies  swept 
along  during  freshets ;  but  experienee  shows  that  this  objection  has  but  little  weight;  for  when  snoh 
bodies  pass,  the  sheet  of  water  U  thicker  than  usual ;  and  protects  the  front  timbers.  On  the  Soh 
Har,  the  timbers  e{,  Fig  S,  scarcely  wear  thin  at  the  rate  of  an  inch  in  10  to  15  years. 


Fiir.B. 


ROCK 
The  forms  of  wooden  dams  are  many ;  (see  the  Ak".  which  ahow 

thfMw  most  used ;)  varying  with  ttie  circiimxtances  of  the  case,  and  with  the  fancy  of  the  designer. 
In  the  United  Sutes  they  are  usuallv  ofciibwork.  of  either  rough  round  logs  with  the  bark  on,  or  of 
hewn  timber;  in  either  case  about  a  foot  through.    These  timbers  are  merely  laid  on  top  of  each 
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stiier.  femlBg  in  plan  a  mHm  of  raeUsgles  wiUi  udet  of  abo«t  7  to  12  ft.    They  are  sot  rotebed 

together,  but  vimplj  bolted  bjr  I  iuoh  square  bolts  (often  ragged  or  jagged)  about  2  to  2)^  te«t  loog. 

through  two  timbers  at  ever;  iutvrseotiou.  Tbese  are  Dot  fouud  to  ruki  or  wear  seriously,  even  when 

vxposed  to  a  current.    Square  btilis  buld  best.    Kound  lugs  me  tlatleued  wliere  tbey  lie  upon  each 

oiber.    Kxperieuce  shows  tbat  tinuer  but  more  expensive  couneoiions  are  entirely  unneoesaary.  The 

cribs  are  usually,  but  not  always,  tilled  with 

rough  stone.    In  triangular  dams,  disposed 

as  in  Vigs  1,2,  and  1,  this  stone  filling  is  ^ 

not  so  essential  as  in  other  forms ;  because 

the  weight  of  the  water,  and  of  the  gravel 

backing,  tends  to  bold  the  dam  down  on  its  w  ^^^^^^^^ttLi^i'''*3lSJf'^V'*f^'^if. 

base.    Still,  even  in  these,  when  the  lower  ■    ^^^a^^a^MH^^i?; >»su<..7f»i  -..-,iif 

timbers  are  uoi  bolted  to  a  rock  bottom,  or 

otherwise  seeurcd  in  plaoe,  some  stone  may 

be  necessary  to  prevent  the  timbers  from 

floating  away  while  the  work  is  unfinished, 

aud  the  gravel  not  yet  deposited  behind  it. 

On  rock,  the  lowest  timbers  are  often  bolted  -  _ 

to  it,  to  prevent  them  from  floating  away  FP 

during  coftslmctiOM ;  and  when  the  water 

Is  some  feet  deep,  this  requires  coBer-dams.    Or.  the  cribs  may  be  bnilt  at  first  only  a  few  ISeet  high ; 

then  floated  into  plaoe,  and  sank  by  loading  them  with  stone ;  for  the  reception  of  which  a  mugh 

platform  or  flooring  will  be  rcod  in  the  eribe,  a  Uttte  above  their  lowest  timbers.    The  bolting  to  the 

rock  may  tiieu  be  dispensed  with.    The  water  may  flow  through  the  open  eribwork  as  the  building 

higher  goes  on  -,  attention  being  paid  to  adding  stone  enough  to  prevent  it  floating  away  if  a  frealiet 

shouid  happen.    Or,  cribs  shown  in  plan  at  ec.  Fig  8,  loaded  with 

stone,  may  be  sunk,  leaving  one  or  more  interTals.  like  that  at  o  oo  o, 

between  utem,  for  the  free  escape  of  the  water.    These  openings  to 

be  finally  closed  by  floating  into  them  closing-cribs  shaped  like  n. 

The  workmanship  of  a  dam  in  deep  water  can  of  course  be  much 
better  executed  in  cofl^r-damn,  than  bv  merely  ninking  cribs.  The 
joints  can  be  made  tighter :  the  stone  filling  better  packed  ;  the  sheet 
piling  more  closely  fitted,  Ac. 

When  a  very  nneven  rock  bottom  in  deep  water,  or  the  introduce 
tion  of  slniees  in  the  dam,  or  any  other  considerations,  make  it  ex> 
pedieat  to  build  dams  within  ooffer'dams,  both  sboald  !«  carried  on 
in  $0etUm9;  so  as  to  leave  part  of  the  channel- way  open  for  the  ea- 
eape  of  the  water.  Commencing  at  one  or  both  shores,  the  first  section  of  the  eoffer-dan  may  reach 
aay  qnartcr  way  or  more  across  the  stream.  In  the  section  of  the  dam  iuelf  bnilt  within  this  enclos- 
ing eofl^er-dam,  ample  slaiCM  should  be  left  for  the  water  to  flow  through  when  we  come  to  build  the 
eloHng  section  of  the  oolfer-dam.  When  the  dam  has  been  flnialwd,  theae  slnices  may  be  closed 
by  4vop-ilaibem*.  Before  remorfng  one  section  of  ooObr-dam,  the  outer  end  of  the  enclosed 
■eetion  ef  dan  itaelf  mnst  be  flraity  infslied  fn  snch  a  manner  aa  to  constitnte  a  part  of  the  inner 
end  of  the  next  aection  of  coffer-dam.  It  is  impossible  to  give  details  for  every  contingeney ;  the  en- 
gineer must  rely  upon  his  own  ingenuity  to  meet  the  peeuliarities  of  the  ease  before  him.  In  some 
eases  of  shallow  water,  mere  mounds  of  earth  may  answer  for  eolfer-dams ;  or  rough  stone  mounds, 
boeked  with  earth  or  grard. 

A  fter  the  water  has  passed  beyond  the  erest.  c  in  the  figs,  there  is  no  necessity  fbr  preventing  iu 
leaking  down  among  the  crib  timbers :  on  the  contrary,  the  thick  sheeting  planks,  (or  squared  tim- 
bers, an  oceasioa  may  require.)  el.  Figs  4  and  •.  which  form  the  slopes  along  which  the  water  then 
flows  in  some  dams,  are  nsually  not  Isid  close  together,  but  with  open  joints  of  shout  >i  inch  wide  be- 
tween them,  for  the  express  purpose  of  allowing  part  of  the  water  to  fall  through  them,  so  as  to 
keep  the  timbers  beneath  them  partially  wet;  which,  to  some  extent,  renders  them  more  durable.  In 
Pigs  I.  4,  d,  and  7.  the  water  of  the  lower  pool  flows  fteely  back  among  the  erib  timbers,  and  rough 
MMam  •i«»*>  arttii  whioh  th*  *r<Ka  a»  fiii»/i  fttther  partlv  or  entirely.    In  Figs  4  and  6,  these  atones 

used.  In  Fig  X.  they  were  as  shown. 
»f  the  form  of  Fig  7,  may  l»e  built  of  rongh  stone  in 
r  built  borisontaliy  into  the  masonry  of  the  sloping 
level  with  the  surf  of  the  masonry.  To  these  most  be 
for  protecting  the  masonry  tnan  the  action  of  the 
ting  ft.  may  be  emitted  ;  but  the  sheet  piles  p.  and  an 
ible  in  yielding  soils,  as  if  the  dam  were  of  timber, 
scsle,  of  existing  dams  in  Pennsylrania,  that  have 
a  long  series  of  years.t  These  fk«shets  at  times  carrv 
Ac. ;  and  have  risen  to  11  ft  above  the  crests.  Fig  1, 
terfeetly  for  89  years,  until  in  1868  the  decay  of  much 
Mt.  e.  rendered  it  neeessary  to  build  a  new  one  just  in 
Ion  ;  and  was  never  filled  with  stone.  The  bottom  tim- 
id immediately  over  each  of  them,  was  such  a  aeries  of 
)nes,  e,  however,  were  close  jointed,  and  laid  touching, 
r  planks.  The  short  pieces  at  f  were  laid  in  the  same 
pieee*  were  first  bolted  to  the  reek ;  10  ft  apart ;  thea 
>d.  The  elose  covering  («)  was  enrried  forward  ftrom 
ly  aboBt  00  ft  was  left  in  the  center,  for  the  water  l« 
:  then  all  cot  ready,  a  strong  force  of  men  was  set  ts 
lat  the  river  had  not  time  to  rlae  anaeiently  high  ts 

*  Timbers  ready  prepared  for  closing  an  opening  through  which  water  is  flowing ;  and  snddenly 
dropped  into  place  by  means  of  grooves  or  guides  ef  some  kind  for  reUining  them  in  position.  Sev- 
eral such  timbers  may  at  times  be  firmly  framed  together,  and  then  be  all  dropped  at  enee ;  eloaini 
the  opening  or  sluiee  at  one  operation ;  espeeislly  when  ft  is  of  small  aim.  In  some  nases,  n  erib 
mar  he  sunk  on  the  np-stream  side  of  snch  an  opening,  for  closing  it. 

t  Those  on  the  Schuylkill  Navigation  were  obligingly  furnished  by  Jamea  F.  Smith.  Kaq.  ehlcf 
engineer  and  superintendent  of  that  work.  Other  valoable  information  from  the  snase  annne  vtU 
be  found  in  dilferent  paru  of  this  volume. 
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rig  2  is  a  oanal  feeder  dam  on  the  Jnoiata.  Here  «  «  are  t<  nil>er*  stretohing  clear  aerou  the  streaa, 
(about  300  fw)  aud  sastaluing  tbe  apruo  aa.  of  stout  hewu  timbers  laid  tuutibiug.  Tuitt  dam  wa«  tUled 
with  stoae.  for  Uie  retention  of  wbioh  tbe  fhiut  sbeetiug  plauk*  w«:re  MlOed. 

Pig  6  is  on  the  Sch  Nar  ;  was  built  in  1855.  It  l«  a  form  niuoh  approx  e<l  wf  on  that  work,  for  snob 
sitaatioBs;  namely.  Arm  rock  foundaiiou,  with  a  oonxiderabltf  d«pilt  ot  water  in  front.  Tbe  higbeet 
dam  (32  ft)  on  tbe  Sob  Nav.  is  very  similar  to  it;  built  In  Kiol.  All  tbe  dams  ou  tbis  work  are  of 
hewn  timber.  obieQy  white  and  yellow  pine.  Tbe  water  oooasionally  raus  froui  8  to  13  feet  deep  over 
their  crestd ;  and  then  overtiowd  aud  surrounds  mauy  of  the  abuti*.  Tne  vertical  back  allows  tbe 
oversowing  water  to  leak  down  amoug  all  tbe  lower  timbers  of  the  dam,  and  thus  tend  to  their 
preservation. 

rig  4  shows  tbe  dai^s  on  the  Monongahela  slaekwater  narigatloa ;  W.  If iloor  Roberta,  eng.  They 
are  of  round  logs,  with  tbe  bark  on ;  flattened  at  crossings.  Tbe  longest  ones  in  tbe  fig  are  10  feel 
apart  along  tbe  length  of  the  dam.  Kxperieuoe  shows  that  such  dams  possess  all  tbe  struogth  neoes- 
sary  for  vtolent  streams.    On  rook,  the  lowest  timbers  are  bolted  to  it. 

Vig  7  has  been  snooessftoUy  used  to  heigbu  of  40  ft.* 

rig  3  is  intended  merely  as  a  hint  for  a  rery  low  dam  on  yielding  bottom.  Its  main  supports  are 
pHei  i  i.  from  4  to  8  ft  apart,  aooording  to  the  height  of  the  dam ;  and  other  oircumHiiLuues  ;  and  tt 
are  short  piles  for  sustaining  the  apron  dd.  It  may  be  extended  to  greater  heigbu  by  adding  braces 
io  front ;  which  may  b«  covered  by  stout  planks,  to  form  an  indiued  slide  for  tbe  overfalling  water. 
Many  effective  arrangements  of  piles,  and  sloping  timbers  for  daius  on  soft  ground,  will  suggest  tbem<. 
selves  to  the  engineer.  Tbns.  at  interval  of  several  feet,  rows  oftf  or  more  piles  may  be  dri  veu  trans- 
ver^ely  of  the  dam ;  the  tup  of  the  outer  pile  of  each  row  being  left  at  tlie  intended  heigh:  of  the  crest, 
while  those  behind  are  ^uceesidvely  driven  lower  and  lower;  so  that  when  all  are  afterward  con- 
Meted  by  transverse  and  longitadinal  timbers,  and  covered  by  stout  planking,  aud  gravel,  they  will 
form  a  dam  somewtaat  of  the  triangular  form  of  Pig  7.  It  would  be  well  to  drive  tbe  piles  with  an 
Inclination  of  their  tops  up  stream. 

There  is  mnch  scope  for  ingenuity  both  la  designing,  and  in  oonstrnotiog  dams  under  Tarloos  eir- 
enmstanoes ;  and  in  turning  tie  course  of  the  water  from  one  channel  tn  another,  by  means  of  ditehe.4, 
pipes,  or  troughs,  4c..  at  diff  heig'its;  aided  at  times  by  low  temporary  dams  or  mounds  of  earth ;  or 
•r  sheet  piles,  Ac ;  or  by  ooflBer-dams ;  so  as  to  keep  it  away  from  tliu  part  being  built.  Rach  locality 
will  have  its  peculiar  features ;  and  the  engineer  must  depend  on  his  judgment  to  make  the  most  of 
ttem. 

AI»«Hn«nto  «f  dams  m  m  general  rule  should  not  contract  the  natural 
width  of  the  stream ;  or.  If  they  must  do  so.  as  little  as  possible ;  for  contraetlous  increase  the  height. 
,  and  violenoe  of  the  overflowing  water  in  lime  of  fresbeu ;  during  which  a  great  length  ol  overfall  is 
especially  desirable.  They  should  be  very  flrmlv  connected  with  the  ends  of  the  dams;  and  should, 
if  the  section  of  the  valley  admiu  of  it.  be  so  high,  and  carri  h1  so  far  Inland,  that  the  liigh  wnter 
of  fresbeu  will  not  sweep  either  over  them,  or  around  their  extremities ;  and  thus  endanger  nnder- 
mining,  and  destmetion.  In  wide,  flat  valleys  they  cannot  be  so  extended  without  t;to  mueh  ex- 
pense; aal  the  only  alternative  is  to  founi  them  so  deeply  ani  securely  as  to  withstand  such 
action ;  making  their  height  such  that  they  wUl,  at  least,  be  srerflowed  but  seldom.  Their  ends 
adjacent  to  tbe  dam,  should  be  rouuded  off,  so  as  to  faoiiitate  the  flow  of  the  water  over  the  crest. 

They  are  best  bntlt  of  large  stone  in  cement;  for  aithough  safllcient  strength  may  bs  aeeured  by 
timber,  that  material  decays  rapidly  in  such  expoanres.  If  of  earth  only,  they  are  rery  apt  to  be 
carried  away  if  a  freshet  should  overtop  them. 

Slniees  should  be  placed  In  every  Important  dam.  in  order  that 

aU  the  water  may  be  drawn  off.  if  neoessary ,  for  the  purpose  nf  repairs ;  or  of  removing  mivl  rtepotiu ; 
or  finding  lost  articles  of  importance,  Ac.  They  may  be  m«re]j  sironK  boxingR,  with  floor,  sides,  and 
top  of  squared  limbers ;  and  passing  tbroui^h  the  breadth  of  the  dam.  just  above  the  bottom.  To  pre. 
vent  trees,  Ao,  from  entering  and  sticking  fast  in  them,  some  kind  of  strong  screen  is  expedient.  In 
common  oases  a  sluice  should  not  eMcee4  about  3Vi  ft  by  5  ft  in  cross-section ;  otherwise  it  becomes 
hard  to  work.  Two  or  more  such  openings  may  be  used  when  much  water  in  to  be  voided.  They 
sboold  t>e  near  the  abutments.  The  gates  or  valves  for  opening  and  shutting  them,  should  be  at  th* 
np-stream  end ;  for  if  %t  the  lower  one.  aconmulatioos  of  mud.  ftc,  will  ttll  the  sluices,  and  prevent 
them  from  working.  They  are  usually  of  timber;  and  slide  vertically  in  rebates;  being  raised  and 
lowered  by  rack  and  pinion ;  hut  In  very  important  dams  they  may  be  of  cast  Iron.  Two  sets  of  sluioet 
are  desirable ;  that  one  may  be  always  ready  for  use  if  tbe  other  is  stopped  for  repairs. 

The  part  of  the  aproq  in  fhmt  of  the  sluice  should  be  particularly  Orm,  so  as  not  to  be  deranged  by 
the  water  rushing  out  under  a  high  head. 

Dams  are  sometimes,  but  rarely,  bnllt  In  tbe  form  of  an 
areb  ;  convex  np  stream  This  form  is  strong ;  and  wh«>n  the  shores  are  of  rook, 
it  may  be  expedient  to  use  it :  but  if  the  banks  are  soft,  they  will  be  exposed  to  wear  by  tbe  curreni 
thrown  against  them  at  the  abuts  of  the  arch. 

At  times  dams  are  built  obllqnely  aeross  the  stream,  with 

the  ol^t  of  increasing  the  length,  and  oonseqiientlv  reducing  the  depth  of  water  ovei*  the  crest  in 
tiaMs  of  fresbeu.  The  argument,  however,  appears  tn  the  writer  to  be  of  but  little  weight,  inasmuch 
as  the  reduction  of  depth  would  extend  hat  a  trifling  disunce  np  stream  from  the  dam ;  and  would 
therefore  scarcely  have  an  appmoiahle  efllMt  in  diminishing  the  injurv  to  the  overflowed  district  above. 
Moreover,  the  increased  expense  is  probably  always  more  than  commensurate  with  any  advantage 


For  **  tremblings  **  In  dams,  see  p.  286  6. 


*  Cost  of  erib  dams.  With  common  labor  at  $1.50  per  day ;  lumber,  $20  per 
IQOOrt.  board  measure,  delivered ;  stone  for  filling,  SI  per  cub.  yard :  gravel  50  cenU  per  cub.  yd. ; 
Irso  Ibr  bolu.  etc..  4cu.  per  lb.,— such  dams  in  shallow  water  usually  cost,  complete,  nrom  9  to  12 
eeats  per  eobio  font,  or  $2.43  to  tS.34  per  cubic  yard  of  crib. 
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Figs.  9  and  10  are  deslgrns  for  small  nteasnrinft:  weirs,  suitable  for 
shallow  streams  up  to  say  lUO  feet  wide ;  Figs.  9  for  earth  or  gravel  bottom,  and 
Figs.  10  for  rock. 

Id  the  former,  the  8  X  10  inch  hem'ock  sills  Sj  and  S,  are  first  laid  across  the 
bottom  of  the  stream,  which  is  trenched  where  necejsary ;  care  being  taken  to 
lay  Sx  in  a  true  line.  The  sills  should  extend  say  from  5  to  10  feet  into  each 
bank  of  the  stream.    Tongued  and  grooved  sheet  piling  P,  of  3  X  10  inch  hem- 
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Vigs.  O.-^Meaauring  Weir  on  Earth  or  Gravel  Bottom. 

lock,  is  then  dHven  close  behind  the  upper  sill  S,  to  a  depth  of  ftrom  two  to  four 
feet,  and  spiked  to  S,.  A  third  sill,  S„  of  the  same  length  as  S^  and  S,.  is  then 
laid  behind  the  sheet  piling;  and  the  two  sills  S,  and  S,  and  the  sheet  piling  P 
are  then  secured  together,  as  shown,  by  1  inch  bolts,  spaced  about  2  feet  apart 
The  tops  of  the  sheet  pUing  project  about  a  toot  above  the  sills,  and  are  stitfeoed 
by  4  X  4  Inch  timbers  w,  bolted  in  fronr  of  them  and  resting  upon  the  flooring 
f  of  2  X  10  inch  spruce.  This  flooring,  like  the  sills,  extends  several  feet  beyond 
each  end  of  the  weir  into  the  bank,  and  is  there  loaded  to  ite  full  capacity  with 
heavy  stones.  Any  spaces  left  underneath  it  by  unevenness  of  the  bottom  should 
also  be  leveled  up  with  stones  or  gravel. 

A  10  X  10  inch  yellow  pine  post  M.  8  feet  high,  is  tenoned  between  sills  Sj  and 
S.  at  each  end  of  the  overflow,  and  braced  by  an  g  x  10  inch  vellow  pine  strut 
N,  tenoned  to  it  and  to  the  sill  S,.  Beyond  these  poets  the  sheet  piling  P  extends 
as  high  as  the  top  of  the  posts,  and  is  carried,  at  that  heisrht  into  the  bank :  the 
tops  of  the  piles  being  held  in  line  by  two  2X8  inch  waling  pieces  un  bolted  to 
them,  one  on  each  side. 

In  Figs.  10,  the  hemlock  sills,  S^  of  10  X  10  inch,  and  S,  of  6  X  8  inch,  rest  upon 
a  Portland  cement  masonry  wall,  of  varying  height  to  accommodate  the  in- 
equalities of  the  rock  bottom ;  and  are  secured  to  it  by  1  inch  bolts  spaced  about 
4  feet  apart.  These  bolts  pass  down  through  the  masonry,  as  shown,  and  a  foot 
or  more  into  the  rock  below. 

Between  the  two  sills  are  bolted  upright  8  X  10  inch  tongued  and  grooved  hem- 
lock planks  P,  15  inches  long.  At  each  end  of  the  weir,  a  10  X  10  inch  yellow  pine 
post  M  is  tenoned  between  the  sills,  as  in  Figs.  9,  and  built  into  the  masonry 
ends  of  the  dam,  which  last  extend  well  into  the  banks  of  the  stream. 

In  both  Figs,  the  crest-piece  a,  is  of  2  X  8  inch  oak,  beveled  so  as  to  leave  a 
horizontal  top  face  "%  inch  wide.  The  orest'-piece  is  let  in  flush  with  the  back  of 
the  piles  or  boards  P,  to  which  it  is  bolted,  and  is  let  into  the  end  posts  M  about 
2  or  3  inches.  At  low  stages  of  water,  the  flow  may  be  confined  to  a  portion  of 
the  length  of  the  overfnll  by  flash  boards  placed  along  the  rest  of  the  dam. 

A  crest-piece  made  of  8  X  K  inch  bar  iron  is  preferable  to  one  of  wood.  It  re- 
quires of  course  much  less  cutting  away  of  the  sheet-piling,  and  its  upper  edge  is 
less  subject  to  abrasion  bv  drift  passing  over  the  weir.  The  top  edge,  and  the  abut- 
ting ends  of  the  several  lengths,  should  be  planed  smooth  and  square ;  the  former 
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I  to  insure  a  sharp  inner  corner  at  a  for  the  water  to  pass  over,  and  the  latter  in 
L  order  to  avoid  leakage.  As  a  further  precaution  asaiust  leakage,  a  strip  or  butt- 
f  strap  of  8  X  J^  inch  iron,  about  a  foot  long,  may  be  let  in,  between  the  ereU-piece 
ami  the  sheet  jfiiitiff,  opnosite  each  joint  of  the  former,  and  overlapping  both  the 
adjoining  ends,  the  piling  being  cut  away  ]A  inch  deeper  at  those  poinU,  in  order 
to  accommodate  them,  buch  butt-strapa,  if  placed  on  the  a/^tream  side  of  the 
crest-piece,  would  break  the  continuity  of  the  sheet  of  water  passing  over  the 
weir,  and  thus  interfere  somewhat  with  the  correctness  of  the  gauging.  Such 
iron  is  obtainable  in  any  commercial  center,  in  lengths  of  about  16  feet.  SXhi 
weighs  6%  pounds  per  running  foot;  8  X  %,  S^^  pounds.  See  pp.  401,  402.  for 
prices,  etc. 

All  the  joints  should  be  caulked  with  oakum.  To  apply  the  usual  weir  forniuin 
(see  Art.  14/,  p.  JtiO)  the  back  of  the  weir  should  be  vertical  for  a  depth  p  below 
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JFiff9. 10 — Measuring  Weir  on  Boeh  Bottom* 

the  crest  a  equal  at  least  to  twice  the  head  H  on  the  weir.  It  is  therefore  better 
to  protect  the  back  of  the  weir  by  tarpaulin  rather  than  resort  to  puddling,  ex- 
cept close  to  the  bottom. 

In  a  long  weir  with  a  low  fall,  it  is  diflScult  to  secure  a  sufficiently  free  access 
of  air  to  tne  space  behind  the  falling  sheet  of  water,  especially  when  the  stream 
is  low  and  the  sheet  tends  to  hug  the  face  of  the  dam.  In  such  cases  a  partial 
vacuum  *  forihs  between  the  falling  sheet  and  the  face  of  the  dam.  and  increases 
the  discharge,  thus  vitiating  the  results.  It  is  therefore  important,  in  designing 
measuring  weirs,  to  arrange  (as  far  as  possible)  so  that  the  sheet  of  water  may 
fall  clear  through  the  entire  distance  between  the  up-stream  and  down-stream 
levels  without  striking  any  portion  of  the  weir  itself,  for  such  striking  would 
diminish  the  clear  space  benind  the  sheet  and  increase  the  difficulty  of  pre- 
venting a  vacuum  there. 

For  dijicliar«r«^  OTer  weirs,  and  other  problems  connected  with  the 
flow  of  water  over  dams,  see  Weirs,  pp.  26.5,  etc. 

For  thickness  of  planlKiniT  lor  dams,  see  p.  2866. 

*  Such  a  vacuum  caus«>8  the  down-stream  water  near  to,  Figs.  9,  to  rise  behind  the 
sheet  When  the  rarefaction  of  the  air  l»ehind  the  sheet  has  proceeded  to  a  certain 
extent,  the  exteruHl  air  hieaks  in  and  relieves  the  vacuum.  Then  another  vacuum 
forms,  and  is  in  turn  relieved,  and  so  on,  alternately.  At  such  times  it  has  been 
noticed  that  lieht  bodies,  such  as  chips,  etc.,  floating  in  the  down-stream  water  near 
the  ends  of  the  weir,  are  drawn  into  the  space  behind  the  sheet  and  carried  towai-d 
the  middle  of  its  length,  and  then  in  turn  ejecttKi  at  the  point  where  they  entered, 
thus  traveling  back  and  foitb  along  the  space  behind  the  sheet.  See  Trembliiigu  in 
Sams,  p.  286  b: 
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TrembllnM  In  1>Ainii.  Dams  over  which  the  water  falls  in  a  long, 
smooth,  unbroken  sheet  of  considerable  height,  are  more  or  less  subject  to 
tremblings,  caused  apparently  by  alternate  compression  and  rarefaction  of  the 
air  by  the  falling  sheet,  especially  in  the  space  (W,  Fig.  20,  p.  26«'>)  behind  the 
sheet,  where  a  partial  vacuum  is  often  formed,  because  the  air  there  is  entangled 
in  the  falling  water  and  given  ofi' again  by  it  down  stream  in  the  ^hape  of  foam. 
■  Such  treiublings  sometimes  cause  a  rattling  of  windows  half  a  mite  or  niore 
away.  We  have  known  this  to  be  stopped  (in  one  case  unintentionally)  by  btiild- 
ing  a  well-covered  wide  crib  apj*on,  a  lew  feet  high,  against  the  front  of  the  dam, 
for  preventing  the  abrasion  of  the  bottom.  In  other  cases  a  series  of  oblique 
tiiubers  placed  against  the  front  of  the  dam,  and  part  way  up  it,  at  a  slope  of 
about  VA  to  1,  and  covered  with  plank,  has  been  perfectly  eflFective  in  stopping 
it.  In  short,  any  device  which  admits  air  moie  freelv  behind  the  falline  sheet, 
or  destroys  the  continuity  of  the  Latter  (such  as  flash  boards  of  diflfferent  heiglita 
or  placed  at  intervals  along  the  crest),  or  which  reduces  its  height  and  its  con- 
tinuous length,  ought  to  diminish  or  obviate  the  trouble. 

The  proper  time  for  bnilclinfr  dams  is  of  course  at  the  longest 
period  of  low  stage  of  water. 


Table  ofthlekness  of  wblte  pine  plank  required  not  to  l»eiMl 
more  tliaii  ^q  part  of  Its  clear  iiorisontal  streteii,  uncler 
diflTerent  beads  of  water.    (Original ) 
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WATER  SUPPLY. 

Tli«  quantity  of  wat«r  required  in  elties,  faas  been  found  hj  ex- 
perience to  nacrease  faster  than  the  population.  About  60  gallons,  or  8  cuhic  feet, 
per  day,  to  each  inliabitant^  is  usually  considered  a  fair  ample  allowance.  Many 
European  cities  have  not  half  as  much  ;  while  New  York,  and  some  others,  use 
and  waste  half  as  mucli  more.  With  efficient  means  for  preventing  waste,  60 
gallons  would  probably  suffice  for  any  commercial  city;  but  inasmuch  as  clean- 
\\ae9S  and  health  are  promoted  by  its  free  use,  as  few  restrictions  as  possible 
should  be  introduced. 

Water  for  eitj-  use  slioald  not  be  drawn  Crom  tlie  -revj  b«t« 
torn  of  tlie  reservoir,  because  it  will  then  be  apt  to  carry  along  the  sedi- 
ment ;  which  not  only  injures  the  water,  but  creates  deposits  within  the  pipes; 
thus  obstructing  the  flow.  In  fixing  upim  the  necessary  capacity  of  a  reservoir, 
this  must  be  taken  into  considerHtion ;  inasuiucii  as  all  the  water  below  the  level 
for  drawing  off,  must  be  regarded  as  lost.  When  circumstances  Justify  the  ex- 
pense, it  is  well  to  curve  up  the  reservoir  end  of  the  service  main,  so  as  to  pro- 
vide it  with  valves  at  different  heights;  for  drawing  off  only  the  purest  stratum 
that  may  be  in  the  reservoir.  With  this  view,  the  valve-tower  (page  289)  gen- 
erally has  such  valves  communicating  with  the  water  in  the  reservoir;  and  by 
this  means  only  the  purest  is  admitted  into  the  towejr:  and  from  it,  into  the 
eity  pipes.  This  refinement,  liowever,  is  rarely  prActieable.  Such  valves  must 
of  course  be  worked  by  watchmen.    For  rainlkll,  see  p  220. 

Art.  1.  Reserwolrs.  In  im^rtant  reservoirs  of  earth,  for  storing  water 
to  moderate  deptlis  for  cities,  experience  appears  not  to  sanction  dimensions 
bolder  than  10  feet  thick  at  top ;  inner  slope  2  to  1 ;  outer  slope  1\4  to  1.*  A  top 
width  of  15  feet  to  20  feet,  and  inside  slopes  of  3  to  1,  are  adopted  in  some  im- 
portant ca.ses;  with  outer  slopes  of  2. to  1.  Both  slopes,  however,  are  at  times 
made  only  l}4  to  1.  The  level  water  surface  should  be  kept  at  least  3  or  4  feet 
below  th"!  top  of  the  embankment;  or  more,  if  liable  to  waTes.  In  a  large 
reservoir,  a  quite  moderate  breexe  will  raisn  waves  that  will  run  3  feet  (measured 
vertically)  up  the  inner  slope.  A  low  wall,  or  close  fence,  w,  Fig.  37,  is  some- 
times used  as  a  defence  against  them.  The  top  and  the  outer  slopes  should  be 
protected  at  least  by  sod  or  by  grass.  To  assist  in  keeping  the  top  dry,  it 
should  be  either  a  little  roundinflr,  or  else  sloped  toward  the  outside.f  The  soft 
soil  and  vegetaltle  matter  siiould  be  carefully  removed  from  under  the  entire 
base  of  the  embankments ;  which  should  be  carried  down  to  noil  itself  imper- 
vious to  water,  in  order  that  leakage  may  not  take  place  under  them.  To  aid  in 
this,  a  double  row  of  sheet  piles,  or  a  sunk  wall  of  cement  masonry,  carried  to 
a  suitable  depth  below  the  bottom,  may  be  placed  along  the  inner  toe  in  bad 


cases.  If  there  are  springs  beneath  tl>e  base,  they  must  either  be  stopped,  or 
led  away  by  pipes.  The  embankment  should  be  carried  up  in  layers,  sliglitly 
hollowing  toward  the  cent-er,  and  not  exceeding  a  foot  in  tliickness;  and  all 


stones,  stumps,  and  other  foreign  material,  jtuch  as  clean  gravel,  sand,  and  de- 
composed mica  schists,  Ac,  that  may  produce  leakage,  carefully  excluded.  These 
layers  should  be  well  consolidated  by  the  carts;. and  the  easier  the  slopes  are, 
the  more  effectively  can  this  be  done.  The  layers,  however,  should  not  be  dis- 
tinct, and  separated  by  actual  plane  surfaces;  but  each  succeeding  one  should 
be  well  incorporated  wlth'tiie  one  below.  This  has  sometimes  been  done  by 
driving  a  drove  of  oxen,  or  even  sheep,  repeatedly  over  each  layer ;  in  addition 
to  the  carting.  Rollers  are  not  to  be  recommended,  as  they  tend  to  produce 
seams  between  the  layers.  This  might  possibly  be  obviated  by  projections  on 
the  circumference  of  the  roller. 

Gravelly  earth  is  an  excellent  material*  perhaps  the  best.  The  choi<!est 
material  should  be  placet!  in  the  slope  next  to*the  water;  and  should  be  de- 
posited and  compacted  with  special  care  in  that  portion,  so  as  to  prevent  the 
water  from  leaking  into  the  main  body  of  the  dam,  and  thus  weakening  it.  It 
is  not  amiss  to  introduce  a  bench,  b.  Fig  37,  in  the  outer  slope,  to  diminish 
danger  from  rainwash  by  breaking  tlie  rapiditv  of  its  descent. 

If  the  bottom  of  the  reservoir  itself  is  on  a  leaky  soil,  or  on  fissured  rock, 
through  the  seams  of  which  water  may  escape,  it  must  be  carefully  covered 
with  from  1\4  to  3  feet  of  good  puddle;  which,  in  turn,  should  be  protected  from 
abrasion  and  disturbance,  by  a  layer  of  gravel ;  or  or  concrete,  either  paved  or 
not,  according  to  circutnstances. 

♦  The  writer  suggests  that  a  top  width  equal  to  2  feet  +  twice  the  square  roof 
of  the  height  in  feet,  will  be  safe  for  any  height  whatever  of  reservoir  properly 
construct^  in  other  respects. 

fSome  engineers  slope  the  top  toward  the  inside. 


Digitized  by 


Google 


I 


2^6  RESERVOIRS. 

Reservoirs  constructed  with  the  foregoing  dimensions,  and  with  care,  mas 
remain  safe  for  an  indefinite  period;  but  where  serious  damage  would  result 
from  failure,  the  following  additional  precautions  should  be  taken. 
The  inner  slopes  should  be  carefully  faced  up  to  the  very  top,  with  at  least  a 
close  dry  rubble-stone  pitching,  not  less  than  15  to  18  inches  thick ;  as  a  protec- 
tion against  wash,  and  against  luuskrats.  These  animals,  we  believe,  always 
commence  to  burrow  under  water.  If  the  slopes  are  much  steeper  than  2  to  1, 
this  dry  pitching  will  be  apt  to  be  overthrown  by  the  sliding  down  of  the  soft- 
ened earth  behind  it,  if  the  water  In  the  reservoir  should  for  any  cause  be 
drawn  down  rather  suddenly.  It  will  be  much  more  effective,  but  of  course 
more  costly,  if  laid  in  hydraulic  cement;  and  still  more  so  if  la  d  upon  a  layer 
a  few  inches  thick  of  cement-and-vravel  concrete ;  especially  if  tnis  last  be 
underlaid  by  a  layer  about  \\4io  d  feet  tliick  of  vood  pud  He,  spread  over  the 
face  of  the  slope ;  the  great  object  being  to  protect  the  inner  slope  from  actual 
contact  with  the  water.  If  this  can  be  effectually  accomplished,  slopes  as  steep 
as  1^  to  1  will  be  perfectly  secure ;  for  the  danger  does  not  arise  from  any  want 
of  weight  of  the  earth  for  resisting  overthrow.  Special  care  slioald  be 
bestowed  upon  tbe  Inner  toe  of  tbe  slope,  to  prevent  water  fh>n] 
finding  its  way  oeneath  it,  and  softeiting  the  earth  so  as  to  undermine  the  stone 
pitching.  Near  the  top.  refeience  shoiild  he  had  to  danger  of  derangement  by 
ice,  frost,  rain,  and  waves.  Flat  inner  slopes  tend  not  only  to  prevent  the  dis- 
placement of  the  pitching;  but  increase  the  stability  of  the  embankment,  by 
qansing  the  pressure  of  the  ifrater  (which  is  always  at  right  andes  to  the  slope) 
to  become  more  nearly  vertical ;  and  thus  to  hold  the  embankment  more  firmlv 
to  its  base  than  if  there  were  no  water  behind  it.  .Sometimes  the  toes  of  botn 
the  inner  and  outer  slopes  abut  against  low  r  taining-walls  in  cement.  This 
gives  a  i  eat  finish,  ami  tends  to  preservation  from  injury. 

Many  engineers,  in  order  to  prevent  leaking,  either  through  or  beneath  the 
embankment,  construct  a  puddle-wall,  p,  .Fig.  37,  of  well-rHramed  imper- 
vious soil,  f grave'ly  clay  is  the 
w^  best,)  reaching  from  the  top 

to  several  feet  oelow  the  base. 
This  wall  should  not  be  less 
than  6  or  8  feet  thick  on  top. 
for  a  deep  reservoir;  ai  a 
should  increase  downward  l>y 
onsets  (and  i  ot  by  slopes,  or 
batters^  at  the  rate  of  about 
1  in  total  thickne-s,  to  3  or  4 
in  depth.  Other  engineers  object  to  these  puddle-walls ;  and  contend  that  leak- 
age should  be  pj  evented  by  making  both  the  inner  slopes  and  the  bottom  of  the 
reservoir,  water-tight,  by  means  of  puddle,  concrete,  and  stone  facing  in  cement, 
as  just  alluded  to.  They  ai^ue  that  if  the  embankment  is  well  constructed,  it 
is  itself  a  puddle-wall  throughout 

Near  »an  Francisco.  Cal,  are  two  eartben  reserToir  dams 
built  about  1864.  one  95  feet  high,  26  o»i  top,  inner  slope  2.?;^  to  1,  outer  2.5  to  1. 
The  other  93  high,  25  on  top,  inner  slope  3.5  to  1,  outer  3  to  1.  In  each  the  pud- 
dle-wall is  carried  47  feet  deeper  than  the  hase.    No  stone  facing. 

It  is  difficult  to  prcTent  water  under  big-li  pressnre  flrom 
findinir  its  way  tbroufrb  considerable  distances  alony  seams 
where  earth  is  in  ontact  with  smooth  rock,  wood,  or  metal ;  as,  for  instance, 
aong  the  surfaces  of  iron  pipes  laid  under  reservoir  embankments ;  or  along 
the  tie-rods  sometimes  used  through  the  puddle  of  coffer-dams;  and  the  sime 
is  apt  to  occur  under  the  bases  of  embankments  which  rest  on  smnoth  rock. 
Special  care  should  be  taken  that  the  earth  used  in  such  positions  is  not  of  a 
porous  nature ;  and  that  it  is  thoroughly  compacted  a'l  along  the  seam ;  and  the 
straight  continuity  of  the  S"Hm  should  be  interrupted  or  broken  as  frequently 
as  possible  by  projecti<^ns.  Faucets  or  flanges  do  tnis  to  a  limited  extent  in  the 
case  of  Iron  pipes ;  and  something  similar,  hut  on  a  larger  scale,  should  at  short 
intervals  be  constructed  in  the  shape  of  collars  or  yokes  of  cement  stonework, 
in  the  case  of  rock  or  masonry.    See  also  Dams,  p  282,  also  p  229,  Ac. 

Tt  is  usually  advisable  to  divide  reservoirs  into  two  parts,  so  that 
whi'e  the  water  in  one  part  is  beinsr  drawn  off  for  use,  that  in  the  other  may 
purify  itself  by  settling  its  sediment.  Also,  one  part  may  remain  in  use.  while 
the  other  is  being  cleaned  or  repaired.  Manv  davs,  or  even  two  or  three  weeks, 
sometimes,  are  require<i  for  the  complete  settlement  of  the  very  fine  clayey  par- 
ticles in  muddy  water;  dependii»«  on  the  depth  of  the  reservoir.  One  or  more 
flights  of  steps  to  the  bottom  of  the  reservoir  should  he  provided. 

Wnd  in  Reservoirs.  The  reservoirs  of  the  New  River  Water  To,  Tx)n- 
aon,  England,  were  uncleaned  for  100  years,  during  wh  ch  mud  8  feet  deep  was 
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deposited,  or  about  an  inch  annually.  At  Philadelphia  it  is  about  .25  inch  per 
annum  from  the  Schuylkill,  and  1  inch  from  the  Delawure  River.  At  St  Louis, 
Missouri,  about  3  to  4  feet  ner  year!  Vegetation  is  ant  to  take  place  in  shallow 
reservoirs  and  near  the  cages  uf  deep  ones,  especially  in  very  warm  weather; 
and  the  plants,  on  decaying,  injure  the  water. 

Water  floiringr  thronijrti  marshi  lands  Is  sometimes  unfit  for  drink- 
ing purposes.  That,  for  instance,  in  sume  sections  of  the  Concord  River,  Massa- 
chusetts, was  reported  by  the  eminent  hvdraulic  engineer,  Loammi  Baldwin,  of 
Boston,  to  be  absolutely  poUoiwns  from  this  cause. 

The  const  ructiou  of  a  large  deep  reservoir  is  not  only  a  very  costly,  but  a 
very  hazardous  undertakiug.  With  everv  watchfulness  aod  care,  it  is  almost 
impossible  entirely  to  prevent  leaking;  although  this  may  not  manifest  itself 
for  months,  or  even  years.  Should  a  break  occur,  especially  near  a  city,  it 
would  probably  be  attended  by  great  loss  of  life  and  property.  If  the  water 
(mce  finds  its  way  in  a  stream,  either  across  the  unpaved  top,  or  tiirougb  the 
body  of  the  embankment,  the  rapid  destruction  of  the  whole  becomes  almost 
certain. 

Art.  la.  Storlnr  ReserTolrs.  The  entire  annual  yield  of  a  stream 
may  be  much  more  than  sufficient  for  supplying  a  certain  population  with 
water;  and  yet  in  its  natural  condition  the  stream  may  nut  be  available  for  this 
purpose,  because  it  becomes  nearly  dry  in  summer,  when  water  is  most  needed; 
while,  at  other  seasons,  the  rains  and  melted  snows  produce  floods  which  supplr 
vastly  more  than  is  required;  and  which  must  be  allowed  to  run  to  waste.  A 
storing  reservoir  is  intended  to  collect  and  store  up  this  excess  of  water,  so  that 
it  may  be  drawn  off  as  required  during;  the  droughts  of  summer,  and  thus 
equalize  the  supply  throughout  the  entire  year.  Tliis,  when  the  locality  per- 
mits, is  effected  by  building  a  dam  across  the  stream,  to  form  one  side  of  the 
reservoir;  while  the  hill-slopes  or  the  valley  of  the  stream  form  the  other  sides. 
Tlie  stream  itself  flows  into  this  reservoir  at  its  up-stream  end.  When  the 
stream  is  liable  to  become  nearly  dry  during  long  summer  droughts  experience 
shows  that  the  capacity  of  the  reservoir  should  be  equal  to  from  4  to  6 
months'  supply,  accordiug  to  circumstances.  During  the  construction  of  the 
dam,  a  free  channel  mudt  be  provided,  to  pass  the  stream  without  allowing  it 
to  do  injury  to  the  work.  If  the  dam  were  built  precisely  like  Fig  37,  entirely 
of  earth,  it  would  plainly  be  liable  to  destruction  by  being  washed  away  in  case 
the  reservoir  should  become  so  full  that  the  water  would  Itegin  to  flow  over  its 
t<»p.  To  provide  against  this  we  may,  by  means  of  masonry,  or  of  cdlw  filled 
with  broken  stone,  or  otherwise,  construct  either  the  whole,  or  part  of  the  dam, 
to  serve  as  an  OTcrfall,  or  a  iraste-irelr.  Or  a  side  channel  (an  open  cut, 
pipes,  or  a  culvert,  Ax)  may  be  provided  at  one  or  both  ends  of  the  dam,  and  in 
the  natural  soil,  at  such  a  level  as  to  carry  away  the  surplus  flood  water  before 
it  can  ri:ie  high  enough  to  overtop  the  earthen  dam'.  Besides  these,  and  the 
pipes  for  carrying  the  water  to  the  town,  there  should  be  an  outlet,  with  a  valve 
or  gate,  at  the  level  of  the  bottom  of  the  reservoir;  in  order  that,  if  necessary 
for  repairs,  or  for  cleaning  by  scouring,  all  tlie  water  may  be  drawn  off.  The 
entrances  to  the  city  pipes  should  be  protectee  by  gratinsrs,  to  exclude  fish,  &x. 

To  facilitate  repairs  or  renewals  of  all  YalTes,  Ac,  wiiicli 
are  under  water,  the  reservoir  ends  of  the  pipes  or  culverts  to  which  they 
are  attached,  may  be  Surrounded  by  a  water-tight  iiox  or  chamber,  which  will 
usually  be  left  open  to  the  reservoir;  but  may  oe  closed  when  nrpairs  are  re- 
quired. Access  may  then  be  had  to  them  by  entering  at  the  outer  end,  after 
the  water  has  flowed  away  from  inside.  In  case  the  outlet  is  through  a  long 
line  of  pipes  which  cannot  thus  be  entered,  a  special  entry  for  this  purpose  may 
be  cast  in  the  pipe  itself,  near  the  outer  toe  of  the  embankment;  to  be  kept 
closed  except  in  case  of  repairs.  Sometimes  a  better,  but  more  expensive  means 
of  access  to  such  valves,  is  secured  by  enclosing  them  in  a  TalYe*tower  of 
masonry.  This  is  a  hollow  vertical  water-tight  chamber,  like  a  well ;  hut  near 
the  toe  of  the  inner  slope;  having  its  foundation  at  the  bottom  of  the  reservoir; 
whence  the  tower  rises  through  the  water  to  above  its  surface.  This  chamber 
is  provided  with  valves  or  gates  usually  left  open  to  the  reservoir;  but  which 
may  be  closed  when  repairs  are  needed  ;  and  the  water  in  the  tower  allowed  to 
escape  from  it  through  the  open  valves  of  the  outlets.  This  done,  workmen  can 
descend  through  the  tower  by  ladders  from  the  aperture  at  its  top. 

At  times  the  outlets  for  the  discharge  of  surplus  flood  water  are,  like  those  for 
scouring,  placed  at,  or  just  above,  the  level  of  the  bottom  of  the  reservoir.  In 
order  that  thAe  may  work  in  case  of  a  sudden  flood  at  nighty  Ac,  they  must  be 
furnished  with  self-acting  valves,  which  will  open  of  their  own  accord  when  the 
flood  is  about  to  rise  too  high.  This  may  be  effected  by  attaching  them  to  floats, 
the  rising  of  which,  when  the  water  is  high,  will  pull  them  open.  All  such  out- 
lets should  be  large  enough  to  let  men  enter  them  for  repairs.    They  should  by 
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no  means  be  laid  throngh  the  artificial  earthen  body  of  the  dam  itself,  witbO'st 
being  supported  upon  masonry  reaching  down  to  a  firm  natural  foundation; 
otherwise  I  hey  are  very  apt  to  be  broken  by  the  subsidence  of  the  embankment. 
It  is  usually  safer  to  carry  them  through  the  firm  natural  soil  near  one  end  of 
the  dam.  Their  valves,  if  only  single,  should  be  at  their  inner  or  reservoir  end, 
so  as  to  leave  the  outlets  themselves  usually  empiy,  for  inspection;  but  it  is 
better  to  have  two  valves,  so  that  one  may  be  used  when  the  other  needs  repair; 
and  in  this  case  oue  may  be  placed  at  each  end.  Reservoirs  wliich  are  supplied 
by  pumps,  need  no  precautions  against  overflow;  because  the  pumping  is 
stopped  when  they  are  filled  to  the  proper  height.  Large  storing  reservoirs 
necessarily  submerge  more  or  less  land,  which  has  therefore  to  be  purchased. 
By  intercepting  the  descending  water,  they  frequently  prevent  spring  floods 
from  injuring  low  lands  farther  down  stream.  If  there  are  mills  down  stream 
from  the  reservoir,  they  would  evidently  be  deprived  of  water  for  driving  ihem, 
unless  a  portion  of  that  stored  in  the  reservoir  be  devoted  to  that  purpose. 
Water  thus  applied  to  competMcUe  for  the  loss  of  the  natural  stream,  is  called 
compensation  water;  and  the  reservoir,  a  compensaiing  one. 
Art.  lb.  Distributing  reservoirs.  Frequently  a  valley  fit  for  a  storing 

resenroir  cau  be  found  only  at  a  lung  dist  (sometimea  many  milex)  from  Uie  town;  and  it  tben  be- 
oomec  expedient  to  construct  alao  an  additional  one  of  smaller  size  than  the  storing  one,  near  the 
tows ;  and  at  as  great  an  eleration  above  it  ta  cireumstanOes  will  permit ;  but  lower  than  the  atoring 
one.  This  is  called,  by  way  of  diatinotion.  a  distributing  rewrvoir,  beoaaae  from  it  the  water,  after 
having  flowed  into  it  from  the  storing  reservoir,  through  the  long  mppljfpipe  which  connects  them,  is 
distributed  iu  various  directions  through  the  town,  bv  means  of  the  street  mains,  or  pipes.  This 
small  reservoir  should  hold  a  supply  sntBcient  at  least  for  a  few  days;  a  few  weeks  would  be  better; 
and  the  end  of  the  supply  pipe  which  terminates  in  it,  should  be  provided  with  a  valve  for  sbatting 
off  the  supply  from  the  storing  reservoir.  Theoe  precautions  permit  repairs  to  be  made  along  the  line 
of  supply  pipe  without  depriving  the  town  of  water  in  the  mean  time.  With  a  view  to  such  repairs ;  ■■ 
well  as  to  scouring  oat  sediment  tma  the  supply  pipe,  this  last  shonld  be  provided  with  Outlet 
▼alveS  at  various  low  points  along  the  entire  interval  between  the  two  reservoirs;  espeeially  at 
those  at  which  the  valves  mav  disch  into  natural  watercourses.  On  opening  these  valves,  the  oa^ 
rash  ci  the  water  carries  away  sediment;  and  leaves  the  pipe  empty  for  inspection. 

In  flxinir  upon  the  diams  of  pipes  for  supplying  cities,  it  is  necessary 
to  bear  in  mind,  that  by  far  the  greater  portion  ofthe  24  honrf'  yield  is  actually  drawn  from  tbem 
during  only  8  to  12  hours  of  daylight;  and  therefore  the  capacity  of  the  pipes  must  be  sufficient  to 
rurninb  the  daily  supply  in  much  less  than  24  hours.  Again,  during  the  hot  sommer  mnnthn,  much 
more  water  is  used  ibanduring  the  winter  ones;  andthisconoideraUon  neoessiutes  »  still  larger  dians. 

Art.  2.      Systems  of  street  pipes  for  supplying  oltles.    The 

writer  knowa  of  no  practical  rules  for  proportioning  the  diains  for  auch  systemn.  The  various  oom- 
pliuations  involved,  render  a  uurely  snieutiSc  investigation  of  tittle  or  no  service.  With  much  hesi- 
tation, he  ventures  the  following  purely  empirical  rules  of  his  own:  based  on  such  limited  observa- 
tioiM  as  have  eiJiuallr  fallen  under  his  notice. 

RaLB  I.  trhen.  at  no  poiat  in  a  itynttm  of  dtjf  ftp—,  U  <*e  kwd,  or  vtrt  ditt  below  rJle  awrfmet 
ofthn  r—trvuir.  enmpnred  with  the  hor  dist  from  th«  reservoir,  less  than  at  (*«<  rats  offAft  per  Msi<e, 
then  the  po/nUafion  in  the  last  column  ofthe  following  TaNe  A,  moj/  he  ahundantljf  supplied,  for  alt 
citf  purposes,  by  either  one  pipe  ofthe  inner  diam  or  bore  inthe\stcol ;  or  by  2.  S.  4c.  p^nta  of  tha 
diams  in  the  other  ads.    These  diams  are  given  to  the  nearest  safe  %  inch.    The  supply  is  ~ 

te  be  about  SO  gallons  per  day  to  each  Inhabiunt. 

TABI^i:  A.   .(Original.) 
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It  |0  wen  to  allow  in  addition  from  ^  Inch  to  1  inch,  or  more,  (depending  on 
the  character  of  the  water,)  to  each  diameter ;  for  depoKits  and  concretions. 

The  water,  after  reaching  the  city  through  one  or  more  large  main  pipes  from 
the  reservoir,  must  he  distributed  throuuh  the  streets  by  means  of  smaller 
mains  branching  from  the  larger  ones.  The  diameters  of  these  Bmaller  ones 
also  may  be  found  by  Table  A.  Thus,  If  a  street,  with  its  alleys,  Ac,  contains 
about  6000  persons,  Jlhe  rate  of  head  being,  as  before,  not  less  than  50  feet  to  a 
mile  at  any  point  of  the  system,)  then  we  see  by  the  table  that  a  10-inch  pipe 
will  answer.  It  would  be  well  to  lay  no  city  street  pipes  of  less  than  6  iuches 
diameter. 

Mains  wbtch  eross  ea«li  other  should  be  eonneeted  at  some 
•ftheir  tnterseetions,to  allow  the  watera  mure  free  circulation  ilirouKh- 
out  tiie  entire  srstem ;  so  that  if  the  supply  at  any  point  is  temporarily  cut  off 
from  one  direction  by  closing  the  valres  for  repairs,  or  is  diminished  by  exces- 
sive demand,  it  may  be  maintained  by  the  flow  from  other  directions. 

Avoid  dead  ends  when  possible,  as  the  water  in  tliem  becomes  foul  and 
unwholesome. 

B(jf.K  2.  WUh  the  same  diameters,  diferent  rates  of  head  mil  supply  the  propor- 
tionate popultUloHS  in  column  3  of  TabU-  B.  Or,  to  find  the  diameters  which  at  different 
rates  of  head  toUl  supply  the  same  populations  given  in  the  last  column  of  Table  A. 
multiply  the  diameter  given  in  Tar>le  A,  bv  the  corresponding  number  In  col- 
umn 4  of  Table  B;  or  (approximately)  do  as  directed  in  column  5. 


TABIiE  ] 
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iple.  By  Table  A  we  tee  that  with  the  rate  of  head  of  60  feet  per 
mile,  a  SO-fnch  pipe  will  supply  a  population  of  91580;  but  with  three  times  that 
rate  of  head,  or  150  feet  per  mile,  we  see  bv  cohiiini  8,  Tnble  B,  that  the  same 

Eipe  will  supply  1.73  times  a.s  many  persons,  or  91580  X  1.73=  158433  persons, 
ut  if,  at  this  greater  rate  of  head,  we  still  wish  to  supply  only  91580  persons, 
then  we  find  in  column  4. Table  B,  that  we  mav  diminish  the  diameter  of  the  pipe 
from  30,  down  to  SOX. 80  =  24  inches;  or,  by  colun^n  5,  we  have  30  —  6  =  24 
inches. 

Again,  after  the  water  has  reached  the  city  by  the  80-inch  pipe  of  Table  A, 
if  we  wish  to  distribute  it  through  the  city  by  say  eight  brancnes  or  smaller 
mains,  we  see  by  column  6,  Table  A,  that  each  of  them  must  have  at  least  1^ 
inches  diameter.  From  these  eight,  01  her  smaller  ones  may  branch  off  into  the 
cross  streets,  alleys,  Ac;  and  in  estimatins;  the  supply  required  for  any  partic- 
ular street  main,  we  must  evidently  add  what  Is  required  also  for  such  cross 
streets,  Ac,  Ac,  as  are  to  he  fed  from  said  main. 

If  certain  limited  parts  of  a  city  pipe  system  have  considerably  less  rates  of 
head  than  most  of  the  remainder,' it  mav  become  expedient  to  supply  the  former 
by  a  special  separate  main  of  larger  diameter;  which  may  start  either  directly 
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from  the  reservoir ;  or  aa  a  branch  from  the  grand  leading  main  which  feeds  the 
lower  parts,  according  to  circuuistances. 

It  must  be  remembered,  that  although  by  increasing  the  diameters,  an  abun- 
dant supply  may  be  obtaiued  under  a  small  rate  of  head,  as  well  as  under  a  great 
one,  yet  tlie  water  will  uot  rise  to  as  great  a  height  in  the  service  pipes  for  sup- 
plying the  different  stories  of  dwellings,  &c.  Eveu  with  the  diameters  in  Table 
A,  the  wat-er,  under  ordinary  use,  will  not  rit»e  in  these  pipes  to  the  full  height 
of  the  surface  of  the  reservoir;  and  if  an  unusual  drawing-off  is  going  ou  at 
the  same  time  at  many  parts  of  the  system,  as  in  case  of  an  extensive  fire,  or 
frequently  during  the  hot  summer  months,  it  may  not  rise  to  even  one-halt  of 
that  height. 

Art.  3.  The  following^  has  been  found  very  effective  t<mr 
ureventinsr  eoneretipns  in  water  pipes.  Formerly  in  Boston,  cunt- 
iron  city  pipes,  4  inches  diameter,  became  closed  up  in  7  years;  and  those  of 
larger  diameter  became  seriously  reduced  in  the  same  time.  But  later,  during 
8  years,  in  which  this  varnish  was  used,  no  concretions  formed. 

€oal-piteh  varnish  to  be  applied  to  pipes  and  eastinm, 
maae  for  the  Water  Department  of  Philadelphia,  nnder 
the  followingr  eonditlons: 

First.  Every  pipe  must  be  thoroughly  dressed  and  made  clean,  free  from  the 
earth  or  sand  which  clings  to  the  iron  in  the  moulds :  hard  brushes  to  be  used 
in  finishing  the  process  to  remove  the  loose  dust. 

Second.  Every  pipe  must  l>e  entirely  free  from  rust  when  the  varnish  is  ap- 
plied. If  the  pipe  cannot  be  dipped  immediately  after  being  cleansed,  the  sur- 
face must  be  oiled  with  linseed  oil  to  preserve  it  until  it  is  ready  to  be  dipped: 
no  pipe  t<o  be  dipped  after  rust  has  set  in. 

Third.  The  coal-tar  pitch  is  made  from  coal  tar,  distilled  until  the  naphtha^ 
is  entirely  removed,  and  the  material  deodorized.  It  should  be  distilled  until  it 
has  about  the  consistency  of  wax.  The  mixture  of  five  or  six  per  cent  of  linseed 
oil  is  recommended.  Pitch  which  becomes  hard  and  brittle  when  cold,  will  not 
answer  for  this  use. 

Emrth.  Pit^h  of  the  proper  quality  having  been  obtained,  it  must  be  care- 
fully heated  in  a  suitable  vessel  to  a  temperature  of  300  degrees  Fahrenheit,  and 
must  be  maintained  at  not  less  than  this  temperature  during  the  time  of  dip- 
:)ing.  The  material  will  thicken  and  deteriorate  after  a  number  of  pipes  have 
i)een  dipped  ;  fre!<h  pitch  must  therefore  be  frequently  added ;  and  occasionally 
the  vessel  mu8t  be  entirely  emptied  of  its  old  contents,  and  refilled  with  fresh 
pitch ;  the  refuse  will  be  hard  and  brittle  like  common  pitch. 

Fifth.  Everv  pipe  must  attain  a  temperature  of  300  degrees  Fahrenheit,  bofon* 
it  Is  removed  from  the  vessel  of  hot  pitch.  It  may  then  be  slowly  removed  and 
laid  upon  skids  to  drip. 

All  pipes  of  20  inches  diameter  and  upward,  will  require  to  remain  at  least 
thirty  minutes  in  the  hot  fluid,  to  attain  this  temperature;  probably  more  in 
cold  weather. 

Sixth.  The  application  must  be  made  to  the  satisfaction  of  the  Chief  Engineer 
of  the  Water  Department:  and  the  material  be  sutiject  at  all  times  t«  his  ex- 
amination, inspection,  ana  rejection. 

Seventh.  Payment  for  coatins:  the  pipes  will  only  be  made  on  such  pipes  as 
are  sound  and  sufficient  according  to  the  specifications,  and  are  acceptable  inde- 
pendent of  the  coating. 

Eighth.  No  pipe  to  be  dipped  until  the  authorized  inspector  has  examined  it 
as  to  cleaning  and  rust;  ana  subjected  it  thoroughly  to  the  hammer  proof.  It 
ma  v  then  he  dipped,  after  which,  it  will  be  passed  to  the  hydraulic  press  to  meet 
the  required  water  proof. 

^'»uh.  The  proper  coating  will  be  tough  and  tenacious  when  cold  on  the 
pipes,  and  not  brittle  or  with  any  tendency  to  scale  off.  When  the  coating  of 
any  pipe  has  not  been  prMperly  applied,  and  does  not  give  satisfaction,  whether 
from  defect  in  material,  tooN,  or  manifinlations,  it  shall  not  he  paid  for;  if  it 
scales  off  or  sliows  a  tendency  tliat  way,  the  pipe  shall  be  cleansed  inside  before 
it  can  be  rccuated  or  be  receivable  as  an  ordinary  pipe. 
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Art.  4m  The  i)l|>e8  nre  laid  to  conform  to  the  vert1c«1  iimlnUtlons  of  the  street 
snrfHces.  The  tope  of  the  pipes  are  laid  not  less  than  Sl/^  feet  below  the  surface  of 
the  street;  but  in  3  inch  pipes  the  water  has  at  times  been  frozen  at  that  depth. 

In  Ptailadf%.,  in  1889,  there  were  about  784  miles  of  utreet 
pipes;  or  ubout  1  mile  to  every  1100  inhabitants.  The  popula'ion  waf  about 
86O,0OU;  residing  in  about  150,(XK)  dwellingii.  Berlin.  1887-8;  1,4uO,OOU  inhab- 
lants,  in  20,00i)  houses  (avemge  70  pei-suns  per  house).  Mean  consumption  per  head, 
17  U.  S.  gallons  per  day;  maximum,  24;  minimum,  12^;  all  approximate.  26,(KiU 
wheel  meters  in  use.    Compare  p  287. 

BfO  iralvanle  aetl^n  has  been  obserred  where  lead  pipes  or  brass  unite  with 
cast-iron  ones.  No  pipe  less  than  6  inches  diam  should  be  laid  in  cities;  and 
even  they  only  for  lengths  ufa  few  hundred  feet.  Tiieir  insufficiency  is  chiefly  felt  in 
case  of  fire.  8  ins  woald  be  a  better  minimnm.  No  more  leakage  occurs  in  winter 
than  in  summer;  except  from  the  bursting  of  private  •erviee^ipa  by  freezing. 

To  compact  the  earth  thoroughly  against  the  pipes  excludes  air,  and  greatly  im- 
pedes rust.  Pipee  may  be  corroded  by  the  leakage  of  gas  through  the  body  as  well  at 
through  the  joints  of  a«yaeeMt  |tra»-plpeM« 

For  thicicness  of  metal  pipes  to  resist  safely  the  pressure  of  TarioiN 
*  I,  see  p  233  of  Hydrostatics. 

WEIGHT  OF  CAST-IROBT  WATER-PIPES, 

As  used  in  Plllli^and  tested  by  hydraulic  press  before  delivery  to  an  internal 
pres  of  300  lbs  per  sq  inch.  This  table  includes  spigots,  and  faucets  or  l>ells.  The 
pipes  are  required  to  l>e  made  of  remelted  strong  tough  gray  pig  iron,  such  as  may 
be  readily  drilled  and  chipped ;  and  all  of  more  than  3  ins  diam  to  be  cast  verticil  I  ly, 
with  the  bell  end  down.  Deviations  of  5  per  cent  above  or  below  the  theoreti- 
cal weights,  are  allowed  for  irregularities  in  casting,  which  it  seems  impossible  to 
avoid. 

The  pipes  are  in  lengths  from  3  to  3^ins  longer  than  12  ft ;  so  that  when  laid  they 
measure  12  ft  from  the  mouth,/,  Fig  38,  of  one  bell  to  that  of  the  next. 
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Price,  1890,  about  $30  per  t.n  of  2240  pounds^  depending  on  size  and  quantity 
ordered.  Elbows,  Connectiout),  etc.,  about  75  to  100  per  cent  more,  lu  ordering 
anything  by  the  tun,  be  careful  to  t«pecify  the  number  of  fts.  (2240).  This  prevents 
mi»»nderitUMnding» 

The  following  sizes  of  lap-welded  wrougrht-iron  water-pipe  are 
made  by  the  National  Tube  Works  Co.,  McKeesport,  Pa.,  and  fitted  with  their 
*'  Converse  patent  loek-Joint.*'  One  end  of  each  length  of  pipe  has  the 
lock-Joint  permanently  attached  (1  taded)  to  it  at  tlie  works  before  shipping.  The 
**  weights  per  foot"inclu«le  the-'e  joints.  The  weight  of  "  lead  per  joint"  ^ven  is 
that  required  to  be  poiured  in  laying  the  pipe,  or  that  for  one  side  only  of  the  joint. 

Outer  diam,  ins 2         3  4         6         6         8  10  12  16 

Wel«llt  per  ft,  lbs 1.86  3.48  6.26  7.33  8.76  13.20  17.08  26.12  47.70 

I-ead  per  joint,  llM %      1^  2i^  3^  8A      69i  «  8%  W 

Average  car  load  : 

Number  of  lengths 800      380  275  145  126      128  80  56  40 

*♦       "  feet 11600  6600  4500  2600  2000  2000  1200  800  630 

The  pipes  are  tested  for  a  bursting  pressure  of  500  lbs  per  square  inch,  or  higher 
If  desired.  They  are  furnished  either  coated  with  asphaltum,  or  **kala- 
meined;**  or,  if  desired,  firRt  kalameined  and  then  coated  with  asphaltum. 
Kalanieiiiing  consists  in  "incorporating  upon  and  into  the  body  of  the  iron  a  non- 
corrusivc  metal  alloy,  largely  composed  of  tin."  The  surface  thus  formed  is  not 
cracked  by  blows,  or  by  bending  the  pipe,  either  hot  or  cold. 
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The  joint,  or  coupling,  is  of  cast-iron,  and  has  internal  recesses  which  receive  and 
bold  lugs  on  the  outside  of  each  lengtli  of  pipe,  near  oauh  of  its  ends.  The  joint  is 
then  poured  with  lead  in  the  usual  way  (see  next  pHge),  either  with  clay  collars,  ov 
with  a  special  pouring  clamp  furnished  by  the  Co.  This  clamp  resembles  the 
"jointer,"  Figs  '69  Ac,  except  that  it  is  in  two  rigid  semi-circular  pieces,  connected 
together  by  a  hinge-joint,  and  furnished  with  handles  like  those  of  a  lemon-squeezer, 
and  has  a  hole  in  one  side  for  pouring.  The  coupling  forms  a  flush  inner  surface 
with  the  pipe  at  the  joint,  thus  avoiding  much  of  the  resistance  of  cast-iron  pipes 
to  flow.  For  oises  where  it  may  be  necessary  to  make  frequent  changes,  the  coup- 
lings are  made  in  two  pieces,  which  are  bolted  together  by  flanges. 

Wrong^fett-iron,  for  pftpes,  has  the  great  ndvantAflres  over  cast-iron 
of  lightness,  toughness,  and  pliability.  The  lightness  of  wronght-iron  pipes  ren- 
ders them  easier  to  handle,  and  cheaper  p«r/oo<  notwithstanding  that  their  cost  per 
ton  is  about  25  per  cent  greater.  They  are  not  liable  to  breakage  in  transportation 
or  from  rough  handling,  and  th^  may  be  bent  through  angles  up  to  about  25^. 
They  therefore  require  no  special  bend  castings  for  such  angles.  The  National  Co 
supply  bending  machines,  to  be  worked  by  two  men.  One  machine  can,  by  changing 
the  dies,  be  used  in  bending  all  sizes  of  pipe.  The  pipes  are  in  lengths  of  from  15  to 
18  feet,  instead  of  12  feet,  as  in  the  case  of  cast-iron,  so  tliat  fewer  Joints  Are 
required  per  mile. 

The  Co  furnish  special  ** service  clamps"  and  tapping  machines  for  Attiichtnir 
service  pipes  fo  mains.  This  may  be  done  (as  in  the  case  of  the  Payne 
machine,  page  299)  while  the  main  is  under  pressure.  The  service  clamp  is  a  cast- 
iron  saddle,  which,  before  the  main  is  tapped,  is  attached  to  it  by  means  of  a  U 
bolt,  and  which  remains  permanently  so  attached  after  the  tapping.  A  sheet-lead 
gasket  is  placed  between  clamp  and  main.  The  clamp  has  a  tapped  cylindrical 
opening  through  It,  into  which  the  corporation  stop  (see  page  299)  is  screwed  before 
the  pipe  is  tapped.  The  drill  of  the  tapping  machine  passes  through  the  stop,  and 
tlirough  the  cylindrical  opening  in  the  clamp,  and  drills  through  the  lead  gasket 
and  through  the  side  of  the  main. 

I'he  Qo  furnish  also  pipe-cutting  machines,  and  special  castings  (reducers, 
crosses,  &c,  &c)  fitted  with  the  Converse  joint. 

Art.  5.    Wrougrlit-lron  pipes  corrode  much  more  rapidly  than  cast. 

A  icntta-percllA  pipe,  ^  inch  thick,  and  %  inch  bore,  has  sustained  safely 
an  internal  prrs  of  more  than  250  As  per  sq  ioob :  eqaal  to  nearly  600  feet  bead.  It  merelr  awelled 
slightly  at  3»7.  Ibfi.  In  1861  a  tube  of  that  material,  'Zyi  ins  bore,  about  h  inch  tbiok.  and  1350  ft  Ions, 
was  sunk  in  the  Bast  River,  New  York,  to  carry  the  Croton  water  to  Blackwell'a  Island.  It  was  held 
down  by  weights.  It  proveo  nnsatiBfaotory  owing  to  abrasion  eau!«ed  by  tidal  currents,  and  injury 
from  the  anchors  of  dragging  vessels.  A  wrapping  of  canvas,  cunflned  by  spun  yam.  was  useful  in 
preventing  the  former,  but  not  the  latter.    This  pipe  was  replaced  in  1870  bv  wrought-iron  pipes. 

Ball's  patent  iron  and  cement  pipe,  is  mude  by  The  Patent  Water 

and  Uas  Pipe  Co,  of  Jersey  City,  N.  J.  It  is  formedof  riveted  Hheet-iroa,  and  each  length  is  dipped 
into,  and  coated  with,  a  hot  mixture  of  coal  thr  and  asphalt.  The  lining  of  hydraulic  cement  is  thea 
applied.  This  ranges,  in  thickness,  from  ^  inch  for  I'Mnch  pi|>es  to  1  inch  for  20-lDch  piiie.  This 
pipe  iii  made  up  to  diams  of  36  ins.  It  is  laid  iu  a  bed  of  cement  mortar,  and  completely  covered  with 
the  aame.  Suitable  means  are  provided  tor  making  all  the  attachments,  Ac,  required  la  city  pipes 
for  water  and  gas.  More  than  1300  mile^  of  it  »ie  in  use  in  various  towns,  some  of  it  for  35  years ; 
and  it  appears  to  give  general  satisfaction.  Tubercles  do  not  form  in  these  pipes,  as  they  are  apt  to 
do  in  caAt-iron  ones.  There  is  every  reason  to  suppose  that  they  are  durable.  The  trenches  being 
dug,  the  Jersey  City  Co  furnish  pipes  and  lay  them  (including  the  cement). 

The  Wyckoflf  Pipe  Go,  Williamsport,  Pa,  make  wooden  water  pipes.  For 
pressures  of  15  to  20  lbs  per  sq  inch,  they  furnish  either  plain  pipes,  S>4  to  7  ius  square  externally, 
and  from  I  ^  to  4  ins  internal  diam ;  or  round  pipes,  I  inch  to  16  ins  bore,  coatea  externally  with 
asphaltum  cement.  At  their  ends,  both  the  square  and  the  round  pipes  are  banded  with  iron,  t^or 
pressures  from  40  to  160  lbs  per  sq  inch,  the  round  wooden  pipes,  before  being  coated  with  cement, 
are  spirally  wrapped,  bv  steam  power,  with  boop  iron,  which  is  first  passed  throagh  a  preparatioa 
of  coal-tar.  The  iron  is  wound  so  tightly  as  to  be  imbedded  in  the  pipe,  leaving  its  outer  surface 
fluitb  with  that  of  the  wood.  The  ends  of  each  length  of  pipe  receive  extra  banding.  The  asphaltum 
cement  coating  is  then  applied.  These  pipes  have  been  extensively  and  successfully  used  for  both 
water  and  gas.    Suitable  arrangements  are  provided  for  Joinu  and  connections. 

Water  pipes  of  bored  oak  and  pine  loffs^  laid  in  Philada  50  to  60 

years  ago,  are  frequently  quite  sound,  and  still  fit  for  use,  except  where  outer  sap  wood  is  deeayed. 
When  this  is  removed,  many  of  these  old  pipes  have  been  relaid  in  factories,  Ac.  Clay  wtU  piuJttid 
around  wooden  pipes,  excludes  the  contact  of  air,  and  thus  contributes  greatly  to  their  durability. 
Loose  porous  soils,  such  as  gravel,  Ac,  on  the  contrary,  are  unfavorable. 

Pipes  made  of  bltumlnize<l  paper,  prepared  under  great  pressure, 

have  been  used  for  both  water  and  gas.  They  are  much  le^s  liable  to  break  than  cast-iron,  and  do 
not  weigh  or  cost  more  than  about  half  as  much.  Pipes  of  5  ins  bore  and  H  inch  thick,  have  resisted 
test  straina  of  220  lbs  per  sq  luoh ;  equal  to  »  water  liead  of  607  ft. 
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Art.  ••    Fig  38  is  asiMMlard  §mrm  of  pipe-Joint^  FiiMa,  18^6. 
clear  distance,  d,  between  the  spigot  and  the  FNOcet,  18  ne» 
of  pipe,  varying  only  from  ^  inch  for  4-iuch 
pi^ie,  to  ^  inch  for  8(l-inch  pipe.    The  depth, 
«t  n,  of  the  faacet  varies  from  3  ins  in  4riuch 
pipe,  to  4  ins  in  30-inch  pipe. 

The  small  beads  at  «  and  m,  s'  and  m'  on  the 
spigot  end  of  the  pipe,  project  about  ^  inch ; 
and  are  to  prevent  the  calking  material  from 
entering  the  pipe.  The  calking  consists  of  about 
1  t^  2  ins  in  depth  of  well-rammed,  antarred 
gasket,  or  rope  yarn;  above  which  is  poured 
melted  lead,  confined  from  spreading  by  means 
of  clay  plastered  around  the  joint.  The  lead  is 
afterwards  compacted  by  a  calking  hammer. 

The  lend  is  poured  through  a  hole  left  in  the 
clay  on  the  upper  side  of  the  pipe.  In  large 
pipes  two  additional  holes  are  left  in  the  clay, 
one  at  each  side  of  the  pipe,  and  lead  is  first 
poured  into  the  side  holes  by  two  men  at  once, 
one  man  pouring  into  each  side  hole  until  the 
joint  is  half  full.  The  side  boles  are  then 
stopped,  and,  after  the  lead  already  poured  has 
hardened,  the  two  men  finish  the  pouring  by 
means  of  the  top  hole.  This  course  is  necessary, 
because  the  great  weight  of  melted  lead  in  the 
entire  large  joint  would  press  away  the  clay  at  the  lower  side  of  the  joint,  and 
thus  excape. 

The  moisture  in  the  clay  is  liable  to  freeze  in  cold  weather,  and  to  render  It  too 
iMrd  to  be  used.  It  is  also  liable,  at  all  times,  as  is  nlso  any  dampness  in  the  pipe, 
to  be  converted  into  steam  by  the  heat  of  the  melted  lead.  The  steam  sometimes 
breaks  out,  or  **■  blows  "  through  the  clay,  allowing  the  lead  to  escape. 

Art.  7.  The  Watkins  patent  ^^Plpe  Jointer  **  avoids  these  difficulties  by 
dispensing  with  the  ring  of  clay.    It  consists  of  a  ring  R,  Figs  89  and  40,  of  square 


JH«.38 


Figr. 


*^'*»^^M^ 


eross-aection,  and  made  of  packing  composed  of  alternate  layers  of  hemp  cloth  and 
India  rubber.  This  ring  is  encircled  by  one  or  more  thin  strips  of  spring  steel, 
which  are  riveted  to  it  at  intervals,  as  shown.  £  E  are  iron-elbows  riveted  outside 
of  the  steel  bands.  After  the  gasket  has  been  rammed  into  its  place,  the  ring  is 
placed  around  the  spigot  near  the  faucet,  in  the  position  shown  in  Fig  40,  and  is 
held  loosely  by  the  clamp,  Fig  41,  one  point  of  which  enters  a  small  pit  in  each 
of  the  elliows,  E  E.  The  ring  Is  then,  by  means  of  a  hammer,  driven  close  up  against 
the  end,/,  of  the  faucet,  Fig  38 :  the  screw  of  the  clamp  is  tightened  somewhat,  so 
as  to  bring  the  ring  close  to  the  spigot ;  a  small  dam  of  clay  is  placed  in  front  of  the 
aperture  between  the  two  elbows,  E  E;  and  the  joint  is  ready  for  pouring.  After 
the  lead  has  hardened,  the  "jointer"  is  removed,  and  is  ready  for  use  at  another 
joint.  One  can  be  used  for  several  hundred  joints.  They  of  course  dispense  with 
the  Mrrices  of  the  men  who  prepare  the  clay  collars,  and'supply  them  to  the  pour- 
en.  Upon  the  removal  of  the  "jointer"  the  lead  is  found  smooth,  requiring  no 
efalpirfnfi:,  as  it  is  apt  to  do  when  poured  in  the  ordinary  way.  One  of  these  jointers, 
for  4^nch  pipe,  costs,  1888  $3.60;  6-inch.  55;  8-inch.f6.60;  12-inrh.f»;  16-inch  Si 2; 
S4-inch.  flH;  30-inch  $i7;  48-lncb,  $32,  etc.  Thos.  Watkins,  I'atentee  and  SoIp 
Manufacturer,  Johusiowu,  Pa.  ^        ^^^     .  ..  .i,.. 
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Art.  8.  As  a  furtliet-  preveutivc  njcaiiiMt  the  eseapc  of  nny  Of  the  |(as- 
ket  into  tlie  pipe^  Mr  Chas.  Q.  Darnicb,  Hydraulic  EDgincer,  Phila,  plui*e0  a 
ring  of  lead  pipe  in  the  Juiut  before  the  gasket  is  inserted.  This  lead  pipe  is  of 
siicli  diameter  that  it  can  Just  be  pushed  through  the  space,  d,  Fig  38,  between  the 
spigot  and  the  faucet;  and  of  such  length  as  Just  to  encircle  the  water-pipe.  It  is 
driven  as  closely  as  jiossible  into  the  narrow  annular  space  at  o  o,  V'xg  38.  Tlie  gas- 
ket is  then  rammed  in,  and  the  lead  poun*d.  as  usual. 

Art.  9.  John  F.  Ward's  flexible  Joint  for  pipes  laid  across  the  irreg- 
ular bottoms  of  streams,  is  shown  at  Fig  42.  A  portion,  a  n,  of  the  inside  of  the 
faucet  F,  is  bored  out  truly  to  form  tiie  middle  zone 
ot  a  sphere ;  and  the  spigot  end,  e  o,  of  the  other 
pipe  is  cast  with  two  mised  collars,  o  and  e.  The 
inner  collar,  o,  is  of  such  a  height  as  barely  to  al- 
low it  to  pass  into  ,the  faucet.  The  outer  one,  <»,  is 
a  little  lower,  so  as  to  allow  melted  lead  (shown 
black)  to  be  poured  in  at  a.  The  outer  edge  or 
diiini  of  the  spigot  end  at  o  is  carefully  turned  so 
as  to  fit  the  turned  sphetical  zone;  so  that  the 
Joint  will  admit  of  considerable  play  without  dan- 
ger of  leaking.  In  laying  the  pipes  under  water, 
the  Joints  are  filled  with  melted  lead,  as  usual,  on 
board  of  suitable  vessels  or  floats.  As  fast  as  they 
are  thus  filled,  the  floats  are  moved  forward,  and 
the  pipes,  if  small,  and  the  water  shallow,  are 
passed  into  the  water  without  ftirther  cure.  But  for  large  pipes  in  deep  water,  suit- 
able apparatus  is  used  for  lowering  them  without  undue  strain  on  the  Joints.  Mr 
Ward  lias  been  perfectly  successful  in  laying  thl^  pipe  under  water,  in  one  caee  40 
feet  di'ep.  One  of  the  mains  of  the  Philada  water-works  was  thus  laid  across  the 
Sihuylkill  River. 

In  some  cases  preliminary  dredging  may  be  expedient,  to  diminish  abrupt  irregu- 
larities of  the  bottom. 

Art.  10.  In  Figs  43,  A  is  a  donble  branch  ;  which  is  a  pipe  having,  in 
addition  to  the  fauc«t,  c,  at  one  end,  two  others,  s  and  t,  to  which  pipes  leading  in 
opiiosite  directions  (as  at  cross-streets)  may  be  attached.  If  either  »  or  i  lie  omitted, 
the  pipe  is  a  sinsle  branch.  The  pipe  is  stronger  when  these  extra  faucets 
are  near  its  end,  than  if  they  were  at  its  middle.  In  a  long  line  of  pipes,  for  the  sake 
of  ex})edition,  difierent  gangs  of  men  are  frequently  laying  detached  portions  some 
distance  apart ;  and  when  two  ends  of  different  portions  are  brought  near  enough 
together  to  be  united,  as  h  and  r,  Fig  G,  their  Junction  cannot  be  eflfected  by  the 
usual  spigot-and-faucet  Joint.  In  this  case  a  cast-iron  sleeye,  tt,is  used,  which  is 
first  slid  upon  one  of  the  pieces  of  pipe ;  andj after  the  other  piec«  also  is  laid)  is 
■lid  back  into  the  position  in  the  fig,  so  as  to  cover  the  Joint.    Sleeres  are  usually 

about  a  foot  long;  as  thick  as 
n  the  pipe ;  and  their  diam  is  snf- 

"  flcient  to  allow  the  usual  Joint 

of  gasket  and  lead.  Tliere  is 
of  course  such  a  Joint  at  each 
end  of  the  sleeve. 

Art.  11.  When  a 
crack  oecnrs  in  a  pipe, 
a  a.  Fig  B,  already  in  use,  it  is 
repaired  by  means  of  a  cast- 
iron  sleeve,  p^,  made  in  two 
|)arts,  bolted  together  by  means 
of  flanges  as  at  n  n.  In  other 
respects  it  is  like  the  preceding 
sleeve.  The  intermediate  white 
ring  is  the  lead  joint.  If  the 
crack  is  too  long,  or  otherwise 
too  bad  to  be  remedied  by  a  nleeve,  the  pipe  is  broken  to  pieces;  and  the  lead  Joints 
at  its  ends  melted  out,  so  as  to  allow  of  its  removal.  Then,  since  an  entire  new  piiie 
cannot  now  be  inserted,  owing  to  the  overlapping  of  the  spigot-and-faucet  ends,  two 
short  pieces  must  besul»«titute<l  for  it.  One  end  of  each  of  these  is  lead-Jointed  to 
the  pi|ies  already  laid ;  while  the  other  two  ends,  which  will  probably  be  a  few 
inches  apArt,  are  covered  by  a  sleeve,  / 1,  Fig  C. 


Figr8.48. 
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Cracks  may  at  times  be  temporarily  repaired  in  an  emergency,  by  a  wrapping  of 
Iblds  of  caiiTMS  thoroughly  Hatnnited  with  wliit«-lead  paiot ;  and  tightly  confined  to 
the  pipe  by  a  spiral  banding  of  thin  hoop-iron  or  wire. 
Or.  by  an  iron  band,  made  in  two  parts,  B  B,  Fig  44, 
and  clamped  together  by  screw-bolts,  S  S.  Such  bands 
are  useful,  abto,  for  strengthening  pipes  that  are  con- 
sidered to  be  in  danger  of  bursting. 

To  attMeb  a  ptp«,  e*  Ftur  4S,  to  one.  /, 
already  tn  ase«  but  in  which  no  proTision  has 
been  made  for  such  attachment,  a  piece  may  be  cut 
out  of/",  as  atvv,  and  a  casting,  e,  furnished  with 
flanges,  m  m,  bolted  over  the  opening,  by  screw-bolts 
pHssing  through  female  screws  tapped  in  the  thickness  of  the  pipe.  If  the  new 
pipe  is  so  large  that  the  opening,  v  v,  if  circular,  would  be  inconveniently  wide, 
it  may  be  made  oval,  with  the  longest  diameter  in  the  direction  of  the  length  of 
the  pipe,/.  In  that  case  the  casting  e  will  be  oval  at  its  flaugee;  and  circular 
ate  c. 

Art.  12.  The  following  table,  arranged  from  data  kindly  furnished  by  the  hit* 
Isaac  Newton,  C  E,  Ch  Eng,  Dept  of  Pub  Wka,  New  York,  and  bis  Asst,  Mr.  James 
Duanc,  jdvcs  the  airerasre  prtees,  Ac,  of  ptpe»  and  laylngr,  in  that 
city,  for  three  years  prior  to  1885;  The  pipes  are  in  lengths  of  12  ft,  and  cost  $35  per 
20()0  pounds.    Unpaving,  digging  trenches,  re-filling  and  re-paving  not  included. 

Dlam  of  pipe  in  ins ^ 6      12      20  36  48 

Weigrlit  in  lbs  of  pipe  alone,  per  length.. 430  1000  9000  4860  8250 

"    "    "      '^       "        "     ft 36       83     167  405  688 

C4»st  in  $  of  pipe  alone,  per  length.. 7.52  17.50  35.00  85.05  144.38 

•*      '*  "  "      "        "        "    ft 63    1.46    2.92  7.09  12.03 

I«ead*per  joint,Ib8,at5ct8perlb 13      22      41  80  146 

"     « 65    1.10    2.05  4.00  7.30 

Yam  per  joint,  lbs,  at  9  cts  per  lb... \i      %        I  ^14  * 

**      **      $ 01      .oJ     .09  B  .46 

Hemlocfc  lumber  per  length,  $. 40  .75  1.04 

Coke,  clay,  Ac,  per  joint,  $. 02      .04      .08  .16  .26 

Hanlingr  per  leuKth,  f 40      .^0    2.00  3.40  6.00 

I*abor  per  length,  $ 60      .80    1.27  1.95  3.26 

Cost,  in  $,  of  laying,  exclusive  of  pipe,  per  length...  1.68    2.82    5.89  10.48  17.65 

"      «    "  «        "               ««         «      «♦       «    ft u      .24      .49  .87  1.47 

Total  cost,  in  $,  of  pipe  and  laying,  per  length.. 9.20  20.32  40.89  95.53  162.03 

"      "  "  "      "      u        «         «    ft 77    1  gg    3  41  7  9^  13^ 

Art.  13«  Atr  valven.  Air  is  apt  to  collect  gradually  at  the  high  points  or 
verteanres  mloDg  tbe  aupplr  pipM ;  and,  unleM  rtmoved,  prodaoes  aM>re  or  lest  obMrnsUoa  to  the 
flow.    This  mar  be  prevented  by  air  valres,  11 

aeePig 44A,vbich  Is  K  of  tbe  fall  aize  of  thoee 
once  used  in  Philada.  TbU  simple  derica 
oonslsts  of  m  cast-iron  box,  eedd.  oonflned 
to  tbe  msin  pipe  m  m.  bj  screw-bolts  paasiog 
ttroagfa  its  flange  4i  A  It  has  aooverffnir, 
ooolined  tfo  it  by  screws  tt;  and  at  tbe  top 
of  which  is  an  opening  n,  for  tbe  escape  of 
air  from  within.  In  this  box  is  a  float  /, 
which  mar  be  a  close  tin  or  copper  vessel, 
or  of  layers  of  cork,  as  supposed  in  the  fig ; 
or  to.  This  float  has  a  spindle  or  stem  •  s, 
test  to  it;  which  passes  through  openings  in 
the  bridge- bars  a  a.  and  o ;  thereby  allowing 
tbe  float  to  rise  and  fall  tnely,  but  prevent- 
ing  it  ttom  moving  sideways.  When  the 
vipe  mm  ia  empty,  the  float  is  down;  iu 
iMise  y  resting  on  the  cross-bar  a  a.  The 
item  ««  has  fixed  to  it  avalre  v.  which  rises 
and  fails  with  it  and  the  float.  Suppose  the 
pipe  mm  to  be  empty,  and  oooseqaently  the 
fleat.  and  the  valre  «,  down.  Then,  if  water 
be  admitted  into  the  pipe,  it  will  rise  and    •» 

fln  also  tbe  box  as  far  up  as  e;   and  in     ■"■■  IIL 

doing  so  will  lift  the  float  /.  and  the  raWe  v,  •„       . .  . 

to  the  position  in  the  flg ;  thus  prerenting  ^^S'  **A. 

•  Mr  Thomas  Wickateed,  eogiMer  of  the  Bast  London  water-works,  Bogland.  says  that  More  than 
M  years'  experience  provoa  that  slightly  Uperiog  wedges  of  pine,  about  i  ins  long,  2  ins  wide,  and^ 
las  thick  at  the  hvti,  carefully  shaped  to  suit  the  curve  of  the  pipe,  and  well  driven,  answer  aU  the 
parpoaaa  oi  lead  JoloU,  at  oonsiderably  less  cost. 
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egress  to  the  outer  air,  br  dosing  the  opeDiDff  at  v.  Now,  air  cinrried  aU>og  by  ttie 
water,  will,  on  accouni  ut  itsIiKhtness,  aaceod  to  the  highest  points  it  meets  with. 

Hence,  when  such  air  arrives  under  tlie  opening  a  a,  it  will  riue  through  ir, 
and  ascend  to  c;  the  clostd  valre  preventing  it  from  goit>g  farther.  Tims 
successive  portions  of  air  ascend,  and  in  time  aceuniulate  to  such  an  extent 
as  gradually  to  force  much  of  the  water  downward  out  of  the  box.  When 
this  takes  place,  the  float,  which  is  held  up  only  by  the  water,  of  course  de- 
scends also;  and  in  doing  so,  pulls  down  with  it  the  valve  v.  The  accumulated 
air  then  instantly  escapes  through  the  openings  at  v  and  n,  into  the  atmosphere  ; 
and  the  water  in  the  pipe  mm^  immediately  ascends  again  into  the  box,  earry- 
ing  with  it  the  float;  and  thus  again  closing  the  valve  v.  The  valve,  and  tiie 
valve-seat  0,  are  faced  with  hrass,  to  avoid  mst,  and  consequent  had  fit.  The 
whole  is  protected  by  an  iron  or  wooden  cover,  reaching  to  the  level  of  the  street. 

Air  valves  are  ii9  l€Mi|(er  asett  In  city  pipes;  their  place  being 
supplied  by  the  fireplugs  at  average  distances  of  about  190  yards  apart.  These, 
being  placed  as  much  as  possible  at  the  summits  of  undulations  in  the  iiDes  of 

J>ipes,  for  convenience  of  washing  the  streets,  and  being  frequently  opened 
or  that  purpose,  permit  also -the  escape  of  accumulated  air. 
The  escape  •f  compressed  air  throacii  an  air  iralTe,  or 
other  openine,  has  been  known  to  proobee  bursting:  of  tli« 
main  pipes;  for  the  escape  is  instantaneous,  and  permits  the  columns  of 
water  in  the  pipes  on  both  sides  of  the  valve,  to  rush  together  with  great 
forces,  which  arrest  each  other,  and  react  against  the  pipes. 

Alr-Tessels.  Motion  is  imparted  to  the  water  In  a  line  of  pipes,  by  the 
fonvard  stroke  of  the  piston  of  a  single-acting  pump;  but  during  the  backward 
stroke,  this  motion  is  stopped;  and  the  water  in  the  pipes  comes  to  rest.  There- 
fore, at  the  next  forward  stroke,  all  the  water  has  to  be  again  set  in  motion  ; 
and  the  force  that  must  be  exerted  by  the  pnrap  to  do  this  is  much  greatei  thati 
would  he  required  if  the  motion  previously  imparted  had  been  maintained 
during  the  time  of  the  backstroke.  The  addition  of  an  air-vessel  secures  this 
maintenance  of  motion,  and  thus  effects  a  great  saving  of  power  \  h^sides  diniin. 
ishing  the  danger  of  bursting  the  pipes  at  each  forward  stroke.  It  is  merely  a 
tall  and  strong  air-tight  iron  box,  usually  cyltnd Heal,  strongly  bolted  on  top 
of  the  pipes  just  beyond  the  pump,  and  communicating  frtely  with  them 
through  an  openingin  its  base.  It  is  full  of  air.  The  forward  stroke  cf  the 
piston  then  forces  water  not  only  along  the  pipes,  bnt  also  into  the  lower  part 
of  the  air-vessel,  through  the  opening  in  its  base;  thus  compressing  its  con- 
tained air.  But  during  the  backstroke,  this  compressed  air,  being  relieved  from 
the  pressure  of  the  pump,  expands:  and  in  so  doing  presses  upon  the  water  in 
the  pipes,  and  thus  keeps  it  in  motion  until  the  next  forward  stroke ;  and  so  on. 
An  air-vessel  also  acts  as  an  air-cuahivn;  permitting  the  piston  to  apply  its  force 
to  the  water  in  the  pipes  gradually:  thus  preserving  both  the  pipes  and  the 
pump  from  violent  shocks.  The  air  in  the  vessel,  however,  becomes  by  degrees 
absorbed  and  taken  away  by  the  water;  and  its  action  as  a  regulator  then 
ceases.  To  prevent  this,  fresh  air  must  be  forced  into  the  vessel  from  time  to 
time  by  a  condenser,  or  forcing  air-pump.  A  double-iietinff  pump  does  not  «• 
much  need  an  air-vessel.  There  is  no  particular  rule  for  the  siae  or  capacity  of 
air-vessels.  In  practice  it  appears  to  vary  from  about  5  to  50  times  that  of  tlie 
pump;  with  a  height  equal  to  two  or  more  times  the  diameter.  A  stand-pipe 
(see  below)  is  sometimes  used  instead  of  an  air-vessel. 

A  stand-pipe  is  sometimes  used  for  the  same  purpose  as  an  afr-vesael  (see 
above).  It  is  a  tall  pipe,  open  to  the  air  at  top;  and  communicating  freely  at 
its  foot  with  the  warer-plpe.  in  the  same  manner  as  in  an  air-vessel.  Its  top 
must  b«  somewhat-  higher  tnan  that  to  which  the  pump  has  to  force  the  water 
through  the  8y?>tem  of  pipes;  otherwise  the  water  would  be  wasted  by  flowing 
over  its  top.  The  area  of  it«  transverse  section  should  be  at  least  equal  to  thai 
of  the  pipe  or  pipes  whicli  conduct  the  water  from  it;  but  it  is  at  times  better 
to  have  it  much  larger,  as  a  stand-pipe  may  then  answer,  especially  in  •  small 
town.  04  a  reservoir,  if  the  pumping  should  cease  for  a  few  hours.  A  stand-pipe 
should  be  cylindrical,  not  conical;  for  ff  thick  Ice  should  form  ontopof  tfie 
water  in  a  conical  one,  a  sudden  forcing  of  it  upward  by  the  pomp  might  strain 
the  stand-pipe  seriously.  The  stand-pipes  connected  with  the  Philadelphia 
Water- Works  are  from  125  to  170  feet  high ;  5  feet  diameter :  and  made  of  riveted 
boiler-iron  about  %  inch  thick  near  the  base,  and  about  ^  Inch  near  the  top. 
They  have  no  protection  from  the  weather ;  nor  are  they  braced  in  any  manner ; 
but  retain  their  positions  by  their  own  inherent  strength,  although  exposed  at 
times  to  violent  winds.  »    >  »        i~ 
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Art.  14.    The  serTif»e*|il|»Mi  r<»r  snppljrlnff  •iMcrllB  dwelllnini, 

are  of  lead ;  and  of  ^  to  ^  iuch  bore.  They  nn  oonntKited  with  tlie  sti-oet  maine, 
tt  N,  Fig  io,  by  a  brass  ferrnle,/,  here  shown  at 
V^  real  size.  The  dotted  lines  show  its  ^  inch  bore. 
Tbe  tapering  ferrule  is  merely  hard  dilreu  into  a  ^yl- 
iudrical  hole  reamed  out  of  the  main,  as  at «.  The  1«m1 
pipe,  o,  is  attached  to  the  other  end  of  the  fermle ; 
orerlapping  it  about  1^  lus ;  and  the  joint  soldered,  f. 
The  extra  thickness  nenr/,  is  for  giving  proper  shape 
and  strength  for  hammering  the  ferrale  into  the  main. 
The  pipe  and  solder  aro  shown  in  section.   Besides  the  ^      .. 

stopcocks  attached  to  each  service^pipe,  and  to  its  **^'  *** 

branches  through  the  hon«e«  tl»ere  is  an  nndei^onnd  one  by  which  the  city  authori- 
ties can  stop  on  the  water  in  case  of  delinquency  in  payment  of  dues ;  and  another 
by  which  tiie  plumber  can  stop  it  off  when  so  required  during  indoor  repairs.  Onl« 
▼anisecl  iron  tubes  are  being  much  nsed  for  service-pipes,  especially  for  lint 
water;  being  less  subject  to  contraction  and  expansion,  which  produce  leaks.  See 
■ear  l>ottom  of  page  218,  for  such  water  pipes.  Brass  serTice-piiies  are  now  much 
qsmI  in  Boston.    See  bottom  of  page*218;  abio  page  417. 

Art.  15.    The  so-called  ** eorporatton  stO|»s'*  or  ** corporation  cocks'* 

are  inserted  into  the  pipe  by  a  special  machine,  Fig  40.    Their  great  advantage  over 

the  ferrule,  Fig  45,  is  that  tbey  ean  be  inserted  into  a  pipe  when  the 

latter  is  ftill  of  water  under  pressure.    Besides, 

into  the  pipe,  they  nre  in  no  danger 

Hny  pressure  within  it.    As  their 

lied  with  a  stop- valve,  which  is  kept 

g;  inserted  into  the  pipe,  and  is  then 

18  open  permanently. 

ines,  for  drilling  and  tapping  the 

itops,  are  made  in  a  variety  of  forms. 

Fig  46  shows  one  made  by 

B^     Walter  S.  Payne   A 

II      Co.,  Fostoria,  Ohio.     Each 

Y       of  these  machines  is  furnished 

with  a  number  of  malleable 

nrhich  fit  the  various  diams  of  pipe 

>  be  used.    The  saddle  is  not  shown 

stened  to  the  pipe  by  a  chain  slung 

.    The  chain  is  tightened  by  a  bolt 

)d. 

ler,  C  C  (into  which  a  tap-and-drill, 
,  have  first  been  inserted),  is  then 
addle  by  means  of  the  thread  at  A. 
rarily  screwed  on  to  a  mandrel,  M. 
i  the  drill-shank,  K,  pars  through 
It  in  one  with  the  head  of  the  cyl. 
idle,  not  shown  in  the  fig,  this  head 
while  the  body  of  the  cyl  remains 

^ Diowuiiaij;  ot/no  tO  bring  the  drill, T. and  stop,  S, into 

^\tr»  49.  'be  respective  positions  shown  in  the  fig.     When  the 

cyl  head  comes  to  the  proper  position,  it  is  stopped  by 
slug  inside  of  the  cyl.  The  drill  is  then  immediately  over  the  center  of  a  large 
rircnlar  opening  in  the  base  of  the  cyl,  C  C,  and  over  a  similar  opening,  thiungh  tlie 
Mwldie,  to  the  surface  of  the  pipe  to  be  ta]>ped.  It  is  then  pushed  down  until  it 
tonrhes  said  pipe.  The  ratchet-wrench,  W  W,is  then  set  on  the  square  head  of  the 
drill-siiank,  K ;  tlie  feeder-yoke,  Y,  with  fee<l  screw,  F,  is  put  in  position  as  shown ; 
and  the  pipe  is  drilled  and  tapped  by  working  the  wrench ;  whereupon  the  water  in 
the  pipe,  if  under  pressure,  rushes  out  through  the  hole  thus  made,  and  fills  the 
cyHnder.  .    .„ 

By  reversing  the  position  of  tbe  switch  on  the  ratchet  in  the  wrench,  W,  and  by 

workbig  the  latter,  the  tap  is  now  withdrawn  f^om  the  hole,  but  remains  in  the  cyl. 

;    The  cyl  head  is  now  revolved  so  as  to  reverse  the  positions  of  S  and  T ;  the  lug  in- 

aide  of  the  cyl  stopping  the  head  when  the  ftop  is  immediately  over  the  hole.    By 

means  of  the  ratchet-wrench,  applied  to  the  sqvare  head  of  the  mandrel,  M,  the  stop, 

j    8  {fhf.  valve  of  which  muH  be  eUu^d)^  is  now  screwed  into  the  hole,  but  only  far  enough 

I    to  hold  securely,  and  thus  prevent  the  further  escape  of  the  water  from  the  pipe 

'    when  the  machine  is  now  removed.    The  stop  is  now  screwed  firmly  into  place  by 

means  of  a  wrench  applied  to  a  square  on  the  slop  itself.  When  the  pres  in  Jn®  P'P® 

exceeds  about  200  lbs  per  sq  inch,  the  feeding  apparatus,  as  used  with  the  drxU  (see 

lig:),  may  be  also  nsed  in  aiding  the  insertion  of  the  stop. 
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The  mandrel,  M,  is  OMide  in  two  teBgtbs  (one  of  which  scrvws  into  the  other)  f n 
order  that  tliti  upper  part  may  be  oat  of  the  Way  of  the  wrench  handle  while  drill- 
ing. It  has  three  or  more  diff  threads  at  its  foot,  to  snit  diff  sices  of  stop.  Stops, 
made  to  snit  the  machine,  are  furnished  as  wanted. 

The  machine  can  work  in  any  oirection  radial  to  the  pipe,  and  can  therefore  be 
nsed  for  tapping  a  pipe  in  any  part  of  its  circumference. 

After  the  stop  is  inserted,  the  seryice-|^pe  is  attached  to  its  on  tor  end  by  a  cotip> 
ling  nnt  passing  over  the  thread  there  shown. 

The  machines  are  guaranteed  to  tap  under  a  pressnre  Of  600  lbs  per  square  inch. 
They  are  made  in  five  t'izes,  weighing  from  15  to  66  poaiubs  aim!  costing,  1888,  from 
875  to  $175.  The  smallest  size  taps  h<4es  from  ^  inch  to  %  indu  and  ttie  larg.  st 
size  from  %  inch  to  2  inches,  diameter.  These  prices  are  for  the  maihiuee  complete, 
including  3  ti^-i  and  drills  and  3  saddlt^a,  bat  exclosive  of  stoim. 

Other  forms  of  pipe-tapping  machines  are  the  Boston,  made  by  Whittier  Machine 
Co.,  office.  Granite  and  First  8t8,  Boston,  Mass;  the  Lennox,  by  Lennox  Foundry  and 
Machine  Works,  Marshalltown,  Iowa;  Young's  by  the  Easton  (Pa>  Brass  Works; 
Letzkus',  Jamee  H.  Harlow,  BngY,  agent,  Pittsbui^h,  Pa ;  Sperring's,  Mueller's,  and 
Hadesty's.  Any  of  these  can  be  had  through  the  larger  manufacturers  and  dealers 
in  plumbers'  supplies;  as  Haines,  Jones  it  Oadbury,  1136  Bidge  Ave,  Phila;  McOam- 
bridge  A  C!o.,  527  Cherry  St,  Phila;  Ohas  Yvtkm^  627  Arch  St,  Phihk. 
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Art.  16.  Stop-TM veS9  or  ir>^to»,  opening  rartfoftlly  in  grcoTet,  are  placed 
EcroHS  the  street  pipes  at  intervals  of  Iruni  100  to  300  ydi.  Tlteir  use  is  1o  ftltnt  off 
the  water  from  any  section  during  repairs ;  tlie  water  of  sucU  sections  being  Hllowed 
to  ruti  to  waste,  and  to  soalc  into  tlie  ground. 

The  details  are  muclt  varied  by  diff  makers. 


Fia-  47. 


Fiff.  4S. 


Figs  47  and  48  show  such  a  gate  made  by  Chapman  Yalve  Mfg  Go,  Indian 
Orchard,  Mass.  The  valve,  v,  is  cast  in  ode  piece.  When  down,  as  in  tim  figs,  it 
closes  the  pipe.  As  in  other  styles,  it  opens  vert  by  means  of  a  screw,  D,  the  viilve 
rising  into  the  cast-iron  case  or  box,  B  B,  and  leaving,  when  all  the  way  up,  an 
opening  of  the  full  diam  of  the  pipe.  The  screw  is  turned  by  a  wrench  fitting  on 
its  sqoMV  head,  k.  The  sc«:ew,  D,  itsielf,  is  prevented  from  moving  vert  by  the  col« 
lar,  C. 

The  two  principal  castings  which  compose  the  box  or  cover  are  bolted  together  by 
means  of  flanges,  g.  The  loint  faces  of  the  castings  are  carefully  smoothed ;  and  a 
thin  strip  of  lead  is  inserted  between  them,  hs  a  precaution  against  leaks.  The  recess, 
R,  admit*  small  particles  of  foreign  matter  which  might  otherwise  prevent  the  gate 
from  closing  perfectly.  The  valve  seats  are  faced  with  Babbitt  metal.  At  the  top 
of  the  cover,  the  screw  stem  passes  through  a  stuffing-box,  which  prevents  leaking 
at  that  point.    Very  careful  workmanship  is  required  throughoat. 

The  following  ai-e  the  weigrbts  and  approximate  price*  of  these  valves. 
They  give  a  tolerable  average  of  the  wts  and  prices  of  similar  gates  by  other  first- 
class  makers,  among  whom  are  Isaac  8.  Cansin,  2d  St  and  Oermantown  Ave,  riiila; 
Lndlow  Valve  Mfg  Co,  938  River  St,  Troy,  N  Y ;  and  WhittierMachCo,  ofBce,  Granite 
and  First  Sts,  Boston.  The  latter  make  Coffin's  patent  double-disk  vaive,  besides 
other  patterns,  fire  hydrants,  locomotive  and  stationary  engines,  dredging  machines, 
iron  bridges,  and  heavy  tools  and  machinery  in  genei*al. 
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Clial»inan  Bell-en«l  WaterHT^^^^B* 
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Art.  17.  Fig  49  shows  an  armngenient  wttll  outside  screw  fur  raising 
and  lowering  the  valve.  Here  the  screw,  D,  does  nut  revolve,  bat  is  attached  tu  the 
valve,  and  rises  and  falls  with  it,  being  raised  or  low- 
ered by  turning  tlie  wheel,  W,  at  tlie  center  of  which  is 
a  nut  through  which  the  screw  passes.  Tbe  nut  i^  fixed 
in  tlie  wheel,  tind  is  so  coufiued  that  it,  and  the  wheel, 
canuot  move  vertically. 

Art.  18.  A  four- way  stop,  or  fonr-w^ay 
valve.  Figs  50  and  51,  is  placed  at  the  intersection  of 
two  mains ;  the  four  Aids  of  which  are  attached,  respec- 
tively, to  the  four  openings,  M  M  M  M.  At  the  bottom 
'is  an  additional  opening,  connecting,  by  means  of  aa 
elbow,  H.  with  pipes  rnnniug  to  a  fire-hydrant  at  the 
street  curb.  See  Arts  20  and  21.  Two  or  more  of  such 
bottom  openings  may  te  made,  if  desired,  for  tbe  8n|»> 
ply  of  as  many  flre-hydrants.  AH  of  the  openlngR  are 
opened  or  closed  at  one '  time  by  raising  or  lowering 
the  valve  or  plug,  P,  by  means  of  a  wrench  or  key  ap- 
plied to  the  square  head,  S,  of  the  screw  stem.  As  in 
Fif^  47  and  48,  the  screw  turns,  but  is  prevented  from 
rising  and  falling,  and  the  plug  moves  up  and  down  on 
the  screw. 

Inasmuch  as  all  sediment  escapes  into  tbe  bottom 
opening  which  leads  to  the  fire-hydrant,  the  valve  is  not 
liable  to  clogging  through  this  cauae.     The  fire-hy- 


Fig.  49 

drant,  being  fed  from  both  of  the  mains,  obtains  a  fuller  supply  than  would  be  pus^- 
ble  if  it  were  fed,  as  usual,  through  only  one  main. 

Figs  50  and  51  represent  Viney"8  four- way  valve,  made  by  Keystone  Valve  Co,  office 
1510  Brown  St  Philadelphia.  The  plug,  P,  is  a  hollow  iron  casting,  in  the  shape  of  a 
truncated  four-sided  pyramid.  Each  of  its  sloping  sides  is  fistced  with  brass ;  and  the 
seats  are  of  white  metaL  For  prices  and  discounts,  address  as  above.  The  weights 
are  as  follows :  for  4  iuch  pipes,  170  lbs ;  6  inch,  395  fi>s ;  8  inch,  495  fits;  10  inch,  700 
lbs ;  12  inch,  1000  B«.    The  Co.  also  makes  tkree-vf»y  valves. 

*  DIacoiillt,  1868,  about  35  iiercent. 

t  Furnixlied  with  gearing  to  aid  in  opening  and  closing  tbe  valve.  The  SO  inch  and  24  inch  galM 
inn  alrto  be  furnished  with  such  gearing  when  dfiired.    This  Ino^asss  tbe  utight  aboni  one  elghtk. 
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A  rt.  19.  Whatever  the  style  of  tli«  gftt«  nmy  ha,  it  in^  wlran  attached  to  Uie  pipe, 
protected  by  a  sarronndfngr  Km>x,  generally  of  plank  or  cutft-irun,  with 
fuui'  sides,  which  taper  60  that  the  box  is  of  sumlier  hor  aectiuu  at  top  than  at  bottom. 
It  is  cpeu  at  i>ottoui,  but  has  a  movable  iron  top,  U^vel  with  tlie  street.  This  top  is 
taken  off  when  the  valve  is  to  be  oi)ened  or  closed,  or  iiisiiected.  Two  of  the  op\)o- 
site  sides  of  the  box  of  course  have  openings  Iktv  the  passage  of  the  pipes  to  or  fixim 
the  valve. 

The  gates,  especially  of  large  mains,  must  be  closed  very  slowly.  Otherwise,  the 
too  sadden  arresting  of  the  momentum  of  the  flowing  water  wo«ld  be  apt  to  break 
either  them  or  the  covers;  or  burst  the  pipes.  As  a  precaution  agaiuHt  this,  the 
coven)  for  very  large  valves  are  cast  with  outside  strengthening  ril«. 

No  self-acting  air-valves  (Fig  44  A)  are  now  placed  at  street  summits,  to  allow 
confined  air  to  escape.  The  fire-plugs  answer  instead.  The  rad  for  Iior  bends  in 
mains  is  if  possible  not  less  than  ab<iut  12  times  their  diams;  they  are  made  as  large 
as  the  widths  of  the  streets  will  admit ;  usually  about  &0  ft.  Fli*e«plii|rci9  Viga 
62,  Ac,  are  placed  as  much  as  possible  at  summits,  so  as  to  serve  also  for  washing 
the  streets ;  and  for  the  escape  of  accumulated  air.  They  average  about  8  In  uuw- 
ber  to  each  mile  of  pipe ;  or  1  to  each  block  of  buildings. 
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Art.  20.  yig  62  represents  a  common  street  nre-plug^  or  flre-hjrdrant) 

as  made  by  Gloucester  Iron  WoiKs, 
office,  No  6  N  7th  St,  Phila,  and  used 
in  that  city. 

The  valve,  t>,  is  of  layers  of  well- 
hammered  sole-leather ;  and,  when 
closed,  shuts  against  a  brass  ring 
seat,  0,  wliich  is  confined  to  its  plaoe 
by  a  lead  joint.  Theiralve  is  opened 
by  working  down  the  screw,  «, 
which,  by  means  of  a  swivel  join: 
at  a,  can  revolve  without  turning 
the  valve-rod,  y.  When  the  valve, 
t>,  is  closed,  after  the  ping  has  been 
in  use,  the  chamber,  c,  is  full  of 
water,  which,  if  allowed  to  remain, 
would  be  in  danger  of  freezing, 
and  of  bursting  the  plug.  But,  in 
closing  the  valve,  we  raise  the 
flange,  2,  on  the  rod,  and  thus  allow 
the  water  to  escape  through  the 
opening  at  2,  whence  it  mns  to 
*  waste  into  the  gronnd,  through  the 
J    open   lower   end   of  the    f5ro«t> 


Jacket,  jji  which  is  a  hollow 
cast-iron  cylinder  surronsding  the 


working  parts  of  the  hydrant. 
Being  free  to  slide  vert  it  rises  and 
falls  when  the  level  of  the  ground 
is  disturbed  by  frost,  and  the  hy- 
drant is  thus  protected  against  in- 
jury from  this  cause. 

The  top,  t,  of  the  hydrant  case.  Is 
cast  in  one  piece  with  the  cham- 
ber, c. 

The  stopper,  e,  screws  on  over 
the  nozzle,  n. 

Art.  21.  In  the  Chapman 
ilre.liyclrant.  Figs  63,  64,  and 
65,  made  by  the  Chapman  Valve  Mfg 
Co,  Indian  Orchard.  Mass,  tll« 
▼alve,  ▼  V,  is  a  sliding  one. 
The  stem,  y.  Fig  5S,  to  which  the 
screw,  s,  is  attached,  is,  like  that  in 
Figs  47  and  48,  prevented  from  mov- 
ing vert  by  a  collar,  fast  to  it  near 
its  top,  and  confined  in  a  circular 
groove.  When  the  rod  and  screw 
arn  made  to  revolve,  by  means  of  a 
wrench  applied  to  the  sqnare  head 
of  the  former,  the  valve  slides  up 
or  down  on  the  screw,  admitting 
the  water  to,  or  shutting  it  oflf  from, 
the  hydrant.  The  valve  slides  on 
the  two  gnidoe,  g  a,  which  are  cast  in  one  piece,  respectively,  with  the  two  wert  side* 
of  the  lower  part  of  the  hydrant.  Its  circular  face,  where  it  comes  into  contact 
with  the  hydrant  case,  h,  is  faced  with  a  gun-metal  ring,  e  «,  which  bears  agaiusta 
similar  ring,  made  of  Babbitt  metal,  let  into  the  hydrant  case. 

The  water,  left  in  the  hydrant  case  after  closing  the  valve,  escapes  througn 
a  cvlindrical  hole,  d,  about  %  inch  diam,  bored  through  the  guide,  g,  and  case,  A. 
This  hole  is  at  such  a  ht  as  to  be  just  above  the  top  of  the  looee  plate,  j).  when  the 
valve  is  closed,  as  in  Fig  53.  This  plate  lies  in  avert  groove  in  the  side  of  the  valve- 
casting,  and  is  pressed  against  the  side  of  the  case,  h,  by  two  spiral  springs  confined 
In  cavities,  cc^  in  the  valve  casting.  When  the  valve  begins  to  rise,  the  hole,  a,  is 
dosed  by  the  plate,  p,  and  remains  so  until  the  valve  is  again  entirely  dosed. 
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MECHANICS.    FOEOE  IN  EIGID  BODIES. 


Id  the  following  pages  we  endeavor  to  make  clear  a  few  elementary  princip1r« 
of  Mechanics.  The  opening  articles  are  devoted  chiefly  to  tb««  ftubject  of  matter  in 
motion;  for,  while  an  acquaintance  with  this  is  perhaps  not  absolutely  required  iu 
obtHiuing  a  workmg  knowledge  of  those  principles  of  Statics  which  enter  so  largely 
into  the  computations  of  the  ciril  engineer,  yet  it  must  be  an  important  aid  to  their 
intelligent  i4)preciation. 

Those,  however,  who  wish  merely  for  information  on  pix>blems  of  Statics,  may  tui  u 
at  once  to  Articles  25,  etc.,  pp.  318  «,  etc. 

Art.  1  (a).  JHecluuates  niajr  be  deflned  as  that  branch  of  science  which 
treats  of  the  effects  of  force  upon  matter. 

This  broad  definition  of  the  word  ''Mechanics*'  includet  hydrostatics,  hydratiliea, 
pnonmntics.  etc.,  if  not  also  electricity,  optics,  aeoustics,  and  iD«leed  all  branches  of 
physics ;  bnt  wa  nha*l  here  confine  onriiel  ves  chiefly  t»  the  oon<iderati(>n  oi  the  aetiou 
uf  extraneous  forces  upon  bodies  supposed  to  be  rigid,  or  incapable  of  change  (^ihapc. 

(b)  Mechanics  is  divided  into  tw.>  branches,  namely: 

Klnrmatlca)  or  the  study  of  the  motions  of  bodies,  without  reference  to  the 
cam"*  of  motion;  and 

Dyiutmlcsy  or  the  study  of  force  and  its  effects. 

The  latter  is  sub^iivided  into 

Kinetics;  which  treats  of  the  relatione  between  force  and  tnoCf'on;  snd 

Niatlcat  which  considers  those  special,  but  very  numerous.  c«se^  where  equal 
and  opposite  forces  counteract  each  other  and  thus  destroy  each  other^  motions. 

Art  $S  (a).  Matter,  or  eiabstamee,  may  be  defined  as  whatever  occupies  spaoe; 
as  ui  -ta  ,  stoue,  wood,  water,  air,  steam,  gas,  etc. 

(b)  A  bodjr  is  any  portion  of  matter  which  is  either  more  or  less  cmnpletel  j 
separated  in  fact  firom  all  other  matter,  or  which  we  take  into  consideration  by 'itself 
and  as  if  it  were  so  sepsrated.  Thus,  a  stone  i^  a  body,  whether  it  be  falline  through 
the  air  or  lying  detached  upon  the  ground,  or  built  up  into  a  wall.  Also,  the  wall  in 
a  body ;  or,  if  we  wish,  we  may  consider  any  portion  of  the  wall,  as  any  particular 
cubic  foot  or  inch  in  it,  as  a  body.  The  earth  and  the  other  planets  are  bodies  and 
their  smallest  atoms  are  bodies. 

A  train  of  cars  may  l»e  regarded  as  a  body ;  as  may  also  each  car,  each  wheel  or 
axle  or  other  part  of  the  car,  each  pa*seng»r,  etc.,  etc. 

Similarly,  the  ocean  is  a  body,  or  we  may  take  as  a  body  any  portion  of  it  at  pleas- 
ure, such  as  a  cubic  foot,  a  certain  bay,  a  drop,  etc. 

(c)  But  in  what  f.»llow8  we  shall  (us  already  stated)  consider  chieflv  rigtd  bodies: 
i.  «..  bodi'S  which  undergo  no  change  ill  rhape,  such  as  by  being  crushed  or  stretched 
or  pulled  a|»art,  or  penctiatei  by  another  body.  All  actual  bodies  are  of  com  se  more 
or  less  subject  to  some  such  changes  of  shape;  i.  «.,  no  body  I^  in  fact  sbsolntelv 
rigid;  bnt  we  may  properly,  for  convenience,  suppose  such  bodies  to  exist,  becuine 
many  b  >dies  are  so  nearly  rigid  thi«t  under  urdinary  circumstances  they  undergo 
littl<«  or  no  change  of  shape,  and  iiecause  such  change  as  does  occur  may  be  con- 
sidered under  the  distinct  head  uf  Strength  of  Materials. 

(d)  But  while  bodies  are  thus  to  be  regarded  an  incapable  of  change  (^  form.  H  la 
equally  imporUiit  that  we  regard  them  ss  nueeptiUe  to  change  of  potiUon  as  wMee. 
Thus,  they  mty  be  upsitt  rr  turned  around  horir^ontallv  or  in  any  other  direction,  nr 
moved  along  in  any  straight  or  curved  line,  with  or  without  turning  around  a  point 
within  themselves.    In  short  they  are  c  ipable  of  motion,  as  whoUt. 

For  instance,  if  we  wish  to  ascertain  the  effect  of  a  given  force  /*  to  oveHurn  or 
uoset  a  stone,  S,  p.  337,  around  one  of  its  edges,  n  we  suppose  the  stone  to  remain 
whole.  But  if  we  wi^h  to  know  whether  the  edge  n  will  be  in  danger  of  being  f.ao- 
turod  when  the  whole  weight  of  the  stone  comes  upon  it  during  the  process  of  upeet- 
ting.  we  reso't  to  the  crushing  strength  of  stone.  It  is  plain  that  a  bodv.  when 
pushed  or  pulled  in  several  directions  at  once,  may  not,  as  a  whole,  have  the  slightest 
tend -ncy  to  move  in  one  direction  rather  than  another;  yet  some  of  its  j>ar<ic{e«  must 
Sf!!.  *,","",?^®  '"i^?"**  direction  and  others  in  other  directions.  See  ** Strength  oC 
MateriaU/'  pp.  43*,  etc. 
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Art.  3  (m)«  Koiloil  of  a  body  to  change  of  its  pn«itioB  in  rslation  to  iuiotlM»r 
bcdy  nr  to  some  real  orimagioary  poinr,  which  (for  coDTeniaiice)  we  regard  n§  fixed, 
or  at  rest.  Thiia,  while  a  stone  fiUls  from  a  roof  to  the  frronnd,  its  positioa,  relatively 
to  th«t  roof  is  constaMly  changing,  an  ib  u\*o  tliat  rrlntiT«*ly  to  the  c^Mind  and  thst 
rebttively  to  any  given  point  in  the  wall ;  and  we  say  that  the  stone  is  inmoHon  reUt- 
tiuely  to  either  qf  tktm  bodiei^  or  to  sny  point  in  them,  tint  if  t^o  stones,  A  and  B, 
fall  from  the  roof  at  the  same  instant  and  reaich  the  k.n>nod  at  the  same  (snb^eqnent) 
instant,  we  say  that  although  «ach  movs,  relatively  to  roof  and  gronad,  yet  tli^y 
have  MO  moiUm  rdativdy  to  each  other;  or,  they  are  at  rett  relatively  lo  «'ach  other; 
Utr  their  poeitiou  in  regard  to  each  other  does  not  change;  i.  e., in  whatever  directlmi 
and  at  whatever  disUnce  stone  A  may  be  from  stout*  B  at  the  time  of  sUrting,  it 
remains  in  that  same  direction,  and  at  that  name  distance  from  B  during  the  whole 
time  of  the  fall.  Similarly,  the  n^of,  the  wall  and  the  ground  are  at  rest  relativt-ly 
to  each  othor.  yet  they  are  in  motion  relatively  to  a  falling  stone.  They  are  also  In 
niot'on  relatively  to  the  van.  owing  to  tlie  eaiith's  daily  rotation  id>ovt  its  axis,  and 
its  aunnal  novcment  aronad  the  san. 

(1»)  If  a  train-man  walks  toward  the  rear  along  the  top  of  a  freight  train  Jnst  as 
fait  as  the  train  moves  forward,  he  is  in  fnUion  relatively  to  the  traim;  but,  as  a 
whole,  he  is  at  reU  relatively  to  buildings,  etc.  near  by;  for  a  spectator,  standing  at 
a  little  distance  ttttm  the  track,  sees  him  continually  opposite  the  ranie  part  of  snch 
building,  etc  If  the  man  on  the  train  now  stops  walkhng,  he  comes  to  rest  relativfly 
to  the  froin,  hot  at  the  same  time  comes  into  motion  relatively  to  the  snrronnding 
buildings,  ate.,  for  the  q»ectntor  sees  him  begin  to  move  along  with  the  train. 

(c)  Since  we  know  of  no  absolutely  fixed  point  In  space,  we  cannot  say,  of  any 
boiy,  what  its  absolute  motion  is.  Ck)n8eqnentl^.  we  do  not  know  of  such  a  thing  as 
absolute  red,  and  are  safb  In  saying  that  all  bodies  are  In  motion. 

Art*  4  (m).  The  v«Ioeit|r  of  a  moving  body  is  its  rate  of  motion.  A  body  (m  a 
railroad  train)  is  said  tomove  with  unifoma  ircl^oUirt  or  constant  vclocltjTt 
when  the  distaneee  moved  over  in  equal  timea  are  equal  to  each  olher^  no  matter  how 
small  those  times  may  be  taken. 

(b)  The  irelocltjr  t«  expresard  by  stating  the  didance  paos^  d  over  during  some 
fiiven  time,  or  which  would  be  passed  over  during  lliat  time  if  the  uniforui  motion 
continued  so  long  Thus,  If  a  railroad  train,  moving  with  coustant  velocity,  pnsxeo 
over  10  miles  in  half  an  hour,  we  may  say  that  its  velocity,  during  that  time,  is 
(».  «.,  that  it  moves  at  the  rate  of)  20  miles  per  hour,  or  106,6<H)  feet  per  hour,  or  1760 
fnet  per  minute.  Or  ^%  feet  per  secoitd.  Or,  we  may,  if  desirable,  say  that  it  moves 
St  the  rate  of  10  mileH  in  ha\f  an  hour,  or  84  feet  in  three  seconds,  etc. ;  bnt  it  is 
generally  more  convenient  to  state  the  distance  passed  over  in  a  unit  of  time,  as  In 
one  day  one  hour,  one  second,  etc. 

(c)  I^  of  two  trains,  A  and  B,  moving  with  constant  velocity, 

A  moves  10  miles  in  half  an  bour, 
B  moves  10  miles  in  qnatter  of  an  hour, 
then  the  velocities  are, 

A,  SO  miles  per  honr, 

B,  40  mil>  s  per  boor. 

In  other  words,  the  velocity  of  a  body  (which  mny  be  di  fined  as  the  distance  passed 
over  iu  a  given  Ume)  ie  inversely  as  the  time  required  to  pa^s  over  a  given  distance, 

(d)  By  mitt  -weloeitjr  ia  meant  that  velocity  wbieh,  by  eommon  rouMent.  is  taken 
as  equal  to  umittf  or  out.  Where  English  measures  are  used,  the  unit  velocity  gen- 
erally adopted  in  the  study  ci  Mechanics  is  1  foot  per  second. 

(•)  When  we  say  that  a  body  has  a  velocity  of  20  miles  per  hour«  or  10  feet  per 
second,  etc..  we  do  not  imply  that  it  will  necessarily  travel  20  miles,  or  10  feet.  etc. ; 
for  it  may  not  have  sufficient  time  for  that  We  me-*n  merely  that  it  is  traveling  at 
the  rate  of  20  miles  per  hour,  or  10  feet  per  second,  etc. ;  so  that  if  it  continued  to  move 
at  that  same  rate  for  an  hour,  or  a  8eo>nd,  etc.,  it  would  travel  20  miles,  or  10  feet.  etc. 

(f)  When  velocity  increases.  It  is  said  to  be  accelerated.  When  it  decreases. 
it  is  said  to  be  retarded.  If  the  acceleration  or  retardation  is  In  exact  proportion 
to  the  time ;  that  is,  when  dnrine  any  and  every  eqnal  interval  of  time,  the  saUie  degree 
of  change  takes  place,  it  is  uniformly  accelerated,  or  retarded.  When  otherwise,  the 
words  variable  and  variably  are  uiied. 

(g)  A  body  may  have,  at  the  sime  time,  tifro  or  more  Independent  T-elAel" 
tiM  requiring  t«>  be  considered.    For  instance,  a  ball  fired  vertically  upward  ft>«  m  a 
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gun,  and  then  ffkUing  again  to  the  earth,  has,  daring  the  whole  tiaie  ixf  it-f  rite  And 
fall,  (Ist)  the  UHi/orm  upw.ird  vel.ioity  with  which  it  leaver  the  mttzKie,  and  (2im1)  thd 
continually  aooelercUed  downward  velucity  giveu  t>  it  by  gruTity,  which  acti  upuii  ic 
during  the  wliol<>  time.  Its  ruulUiiU  (or  apparent)  velocity  at  any  moment  is  tlio 
d{ff>.rence  between  these  two. 

Thus,  immediately  after  lenving  the  gnn,  the  downward  Telocity  given  by 
gravity  U  very  small,  aud  the  resultant  velocity  U  therefore  upwartl  and  very 
nearly  equal  to  the  whole  upward  vel(K5iry  duo  to  tlie  powder.  But  after  awhile 
the  downward  velocity  (by  constantly  increasing)  becomes  equal  to  the  npward 
velocity;  t.  e.,  their  difference,  or  the  resultant  velocity,  l)ecomes  nothing;  the  ball 
at  that  instant  stands  still;  but  its  downward  velocity  continues  to  increase,  and 
inimetliately  becomes  a  little  great,  r  than  the  upward  velocity ;  then  greater  aud 
greater,  until  the  ball  strilCLS  the  grouud.     At  that  instant  its  resultant  velocity  is 


(the  downward  vwlocity  which  it  wonld  )         (the  un'fonu  upward* 
have  acquired  by  falling  dartn^  the      >  —{  Telocity  given  by  the 
'  whole  Ume  of  its  rise  ondfaiL  )         (.  powder. 


We  have  here  neglected  the  resistance  of  the  air,  which  of  course  retards  both 
the  ascent  and  the  descent  oS  the  ball. 

(h)  Ae  a  farther  illustration,  regard  a  6  mo  fig.  0^  p.  820,  as  a  raft  drifting  in  the 
direction  e  a  or  n  6.  A  man  on  the  raft  walks  with  uniform  velocity  from  Cx>rner  n  to 
corner  c  whil  •  the  raft  drifts  (witii  a  unif«irm  velocity  a  little  greater  ihau  that  c^ 
the  man)  through  the  distance  n  b.  Therefore,  wh^n  the  man  reaches  corner  o, 
that  corner  has  m  )vei  to  rhe  point  which,  when  he  started,  was  occup  ed  by  a. 
The  man's  resultant  motion,  rolatively  to  the  bed  of  the  river  ov  to  a  poiut  on  shore, 
has  therefore  been  n  a.  HU  motion  at  right  angles  to  n  a,  due  to  his  walking,  is 
i  e,  but  that  due  to  th  <  drifting  of  the  ratt  is  o  b.  These  two  are  equal  and  oppjsite. 
Ileuce  his  resultant  m:>tioii  oU  right  an<fls  tinai*n  tthing;  he  does  not  move  from 
the  line  n  a.  HU  walking  moves  him  through  a  distance  equal  to  n  t,  in  the 
direction  no;  and  the  drifting  through  a  distance  equal  to  <  a,  an  J  the  sum  of  thesa 
two  is  ft  a. 

(i)  AH  the  motions  which  we  pee  given  to  bodies  are  but  oluxnges  in  thoir  nnknown 
absoliUe  motions.  For  conveniimc  s  we  mjty  confine  our  attention  to  some  one  or 
more  of  tbe<i«  changes,  uegli'C'insc  others. 

Thus,  ilk  the  case  of  the  ball  fired  upward  from  a  gun  (see  (g)  above)  we  may 
neirlect  its  uniform  upward  motion  and  consider  only  its  conntanHy  acceif'rateil 
downward  tn  >tlon  under  the  action  of  gravity ;  or,  as  is  more  usual  we  niey  consider 
only  the  resultant  or  apparent  motion.  Which  is  first  upward  and  thf^n  downward.  In 
iHith  cases  we  negl  "Ct  the  motions  of  the  ball  cauiied  by  the  several  motions  of 
tlie  earth  in  upace. 

Art*  5  (a).  Force,  the  cause  of  change  of  motion.  Suppose  a 
p<)rfectly  smooth  ball  resting  upon  a  perfectly  hard,  frictionleas  oud  lovel  surluce^ 
and  suppose  the  resistance  of  the  air  to  bo  removed.  In  t>ider  to  merely  7not;e  the 
ball  horizontally  (i.  e.,  to  set  it  in  motion — to  change  its  siate  of  motion)  some /orce 
iiiU8t  act  upon  ir.  Or,  if  such  a  ball  were  already-iu  motion,  we  could  not  retard 
or  hasten  it.  or  turn  it  fr<>m  its  path  without  exerting  force  upon  it.  For,  as  statt^l 
in  Nei«r|.on*e  flrat  la^fr  of  motion,  **  every  body-  contlnncs  In  ita 
state  of  rest  >  r  of  motion  in  a  utraight  line,  except  in  ho  far  as  it  may  b«  com- 
pelled by  impressed  f.<rces  to  change  that  iitate."  On  tlie  otl^T  handy  If  a  force  acts 
upon  a  body,  tlie  motion  <f  the  b«Kly  must  undergo  change.  For  apparent  exceptioua 
to  this  last  remarii,  see  Art.  16,  pp.  315,  eto. 

(b)  Force  la  an  action  betifreen  tiiro  bodies,  tending  either  to 
separate  thent  or  to  bring  them  closer  together.  For  Instanc**.  when 
a  stone  falls  to  the  ground,  we  explain  the  fact  by  saying  that  a  force  (the  attraction 
of  gravitation)  tends  to  draw  the  earth  and  the  si,^uo  together. 

Maznetic  and  electric  attraction,  and  the  cohesive  force  between  the  particles  of  a 
body,  are  other  instances  of  attractive,  force. 

(c)  Fol«e  applied  by  contact.  In  practice  we  apply  force  to  a  body  (W) 
by  causing  contact  between  It  and  another  body  (A)  which  has  a  tendency  tn  motion 
toward  R.  A  repvlnve  force  ix  thus  calle-l  into  action  lH>tween  *he  tw  >  bodies  (in 
sumo  way  which  we  cannot  understand),  aud  this  force  puihes  B  forward  (or  in  the 
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(direction  of  A*R  tendeacy  to  more)  and  pnshee  A  backward,  tbm  diminithing  Ut  for- 
ward tendency.* 

If,  for  instance,  a  stone  be  Iiild  upon  tbe  groniid,  it  t(>nd8  to  m  >Te  downward,  but 
d«»e8  not  do  so,  becHUse  a  repnlsive  force  pnshea  it  and  the  eartli  apart  Ja»t  as  hard  aa 
tbe  force  of  gravity  tends  to  draw  them  together. 

Similarly,  when  we  attempt  to  lift  a  moderate  weight  with  onr  hand,  we  do  so  by 
giving  the  hand  a  tendency  to  move  upward.  If  the  hand  slips  from  the  weight, 
this  tendency  movee  the  hand  rapidly  upward  before  onr  will  force  ciin  check  ft. 
But  otherwise,  the  repolsive  force,  generated  by  contact  between  the  liand  (t<  nding 
upH-ard)  and  the  weight,  moves  the  liUter  upward  in  spire  of  the  force  of  gravity, 
and  pushes  the  hand  downward,  depriving  it  uf  murh  of  the  ufiward  velocity  wliich 
it  would  otherwise  have.  It  is  perhaps  chiefly  from  the  etTort,  of  which  we  are 
conncious  in  such  caaes.  that  we  derive  onr  notions  of  "force*" 

When  a  moving  billiard  ball  A,  strikes  another  one,  B,  at  rest  the  tendency 
of  A  to  cent  nue  moving  forward  is  resisted  by  a  repulsive  f«>rce  acting  b(  twren  it 
and  B.  This  force  pushes  B  forward,  and  A  backward,  retarding  its  former  velocity. 
As  explained  in  Art.  A  (a),  p.  919  d,  the  repulsive  force  does  not  exist  in  either  body 
until  the  two  meet. 

(d)  Tbe  repiilstve  force  thus  generated  by  contact  between  two  bodies  continues  to 
act  only  so  long  as  tht-y  remain  in  contact,  and  only  so  long  as  tliey  tend  (fVom 
som>4  extraneous  cause)  to  come  cbser  trgether.  But  it  is  generally  or  always 
arci>mpaaied  by  an  additional  repulaive  force,  due  to  the  wmgrttsion  of  the  partjoles 
of  tlie  bodies  and  their  tendency  to  return  to  their  original  positions.  This  elastic 
repulsive  force  may  continue  to  set  after  the  tendency  to  compression  has  ceased. 

(e)  Force  acta  elllier  mm  m.  pull  or  »s  a  push.  Thus,  when  a  weTght 
is  suspended  by  a  hook  at  th»  <  nd  of  a  rope,  gravity  jnt2/«  the  weight  downward,  the 
w«iuht  pushes  the  hoi.k.  and  the  hook  pvUs  the  rope,  each  of  these  actions  being 
accompanied,  of  coui-S".  by  its  correepondirg  and  opposite  **  reaction."  When  two 
bodies  collide  each  pushf  s  the  other,  generally  for  a  v«ry  short  time  (see  Art.  24, 
p.  318  «0 

(f)  fiqiutllty  rf  actfoii  and  reaction.  A  force  always  exerts  itself  69va% 
upo'i  the  two  bodies  bftwien  which  it  acts.  Thus,  the  force  for  attraction)  of 
gravitation-  acting  Ixtween  tl»e  larth  an«l  a  ?tone,  drawa  the  earth  upward  jnst  as 
hai-d  aa  it  draw-»  the  stone  downward ;  and  the  repulsive  force,  acting  between  a 
table  and  a  stone  restin^r  upon  it.  pushea  the  table  and  the  earth  downward  jnst  as 
Irorrt  as  it  fiyslies  thv  atone  upward.  Thin  is  the  f^t  expressed  by  Ne'vrfon's 
tliird  taiv  olT motion,  that  ''to  every  action  there  in  always  an  equal  and 
c«»nt  ary  reaction  "     For  measures  of  force,  s'^e  Arts.  11, 12, 13,  pp  3U  to  314. 

If  a  cannon  bitll  in  its  flight  cuts  a  1  af  from  a  tree,  we  aay  that  iht>  leaf  has  reacted 
against  the  ball  with  preci^iely  the  mtme  force  with  which  the  ball  acted  against  ths 
l^t  That  degree  of  force  was  sufficient  to  out  off  a  leaf,  but  not  to  arrest  the  l>all. 
A  ship  of  war.  in  runniu«  against  a  canoe,  or  the  flat  of  a  pugilist  strikintr  hia 
opponent  ia  the  foce,  i  eceivea  as  violent  a  blow  aa  it  gives ;  but  the  same  bluw  tl  at 
will  upset  or  sink  a  canoe,  will  not  (q>preoiably  affect  the  motion  of  a  ship,  and  the 
blow  which  may  seriously  damage  a  nose,  mouth,  m  eyes,  may  have  no  6uch  effect 
upon  hard  knuckles. 

The  resistance  which  an  abutment  opposes  to  the  prrssu  e  of  an  arch ;  or  a  retain- 
ing-wall  to  the  jn-es'ure  of  the  earth  behind  it,  is  no  greator  than  those  presanret 
themselves;  but  the  abutment  and  the  wall  are,  for  the  pake  of  safety,  made  capable 
if  sustaining  much  greater  pressures,  in  case  accidental  circumstances  shonlif  pro- 
duce such. 

(fr)  In  most  practical  cases  mre  liaire  to  consider  onlr  one  of  the  two  bodies 
Itetween  which  a  force  acts.  Hence,  fur  convenience,  we  commonly  speak  as  if  the 
forc«?  were  divided  into  two  equal  and  opposite  forces  one  for  each  of  the  two  bodii-s, 
and  confine  our  attention  to  one  of  the  bodi*  s  and  the  force  acting  upon  it,  nt-glect- 
ing  the  other.  Thus  we  may  speak  of  the  force  of  steam  in  an  engine  as  acting 
upon  the  pittom,  and  neglect  its  equal  and  <^posito  pnssare  against  the  head  ol 
tbe  cylinder. 

(b)  That  point  of  a  body  to  which,. theoretically,  a  f'>ro»  is  applied,  is  called  the 
point  at  application.  In  practice  we  cannot  apply  force  to  a  point  according 
to  the  scientific  meaning  of  that  word ;  but  have  to  iH)ply  it  distributed  over  an  ap- 
preciable area  (sometimes  very  laiite)  of  the  surface  of  the  body ;  still,  as  explained  in 

*  We  ordinarily  express  all  this  by  saying  simply  that  A  pushes  B  forward,  and  this 
is  sufficiently  exact  for  practical  purposes ;  but  it  is  well  to  recojtnize  that  it  ia  merely 
a  convenient  expression  and  does  not  fully  statu  the  facts,  and  that  every  force  neces' 
sarUg  couirists  oi  tufo  equal  and  opposito  pulls  or  pushes  exerted  b  tweeu  two  I  odies. 
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Art.  58a, n.  3W  1,1*  nwiy.aa  wgaidi  ito  action  upon  the  iiniiremauot frigid  body,  !>• 
cm8id.red  as  acting  in  one  stOMght  line,  applied  at  one  point.  For  the  pre.eut  w« 
shall  a^umo  that  lue  ilnu  of  actiun  of  the  force  pa,»8e8  thruUfeU  the  center  of  graTity 
of  th«  body  and  forms  a  right  angle  widi  the  6Uitace  at  the  poiut  of  appli^tion.  tor 
ca^es  where  the  force  forma  other  angles  wiOi  the  surlace,  see  Art.  A  P-  ^iS/- 

Art  7  ra^.  A<^ccIer»llolI.  When  an  unresisted  ferce,  acting  npon  a  body, 
•  to  it  in  iotlon  (».  «.,  gives  it  Telocity)  in  the  di.  ection  of  the  J^^ce^  this  veljci^ 
incr«"«.  as  the  force  continu  s  to  a*-.t;  each  .qoai  Interval  of  time  (if  the  force 
remains  constant)  bringing  its  own  equal  increase  of  velocity.  ~    *   . 

This  if  a  iSne  be  let  foil,  the  force  of  grayitv  gir.s  to  it,  in  the  first  io- 
conceivably  shor?  interval  of  time,  a  small  velocity  iownwaid  In  the  next  eqojd 
iutervll  of  tira-,  it  adds  a  second  equal  velocity,  so  that  at  the  end  of  the  secood 
m^r^A  the  vTlcis  ty  of  th*  stone  is  twice  hs  great  as  ai  the  end  of  the  first  one,  and 
iSo7  We  miy  divide  the  time  int.,  a;*  small  equal  intervals  as  we  pleai^e.  In  each 
such  interval  the  constant*  force  of  gravity  gives  to  the  stone  an  equal  increase  of 

""^SucfcTincrease  of  velocity  is  called  acceloration.f  When  a  »»dy  is  thrown  Yerticall^ 
upward,  the  downward  acceleraUon  of  gravi  y  appears  as  a  retardahon  ot  the  upward 
Sotion.  When  a  force  thu=.  act*  against  the  motion  under  consideration,  its  accelera- 
tion is  called  negative. 

Art.  8  («^.  The  »»te  or  aoeeleratlon  f  is  the  acceleration  which  takes 
place  in  a  given  time,  as  one  second. 

(b)  The  unit  rate  of  acceleration  is  that  which  adds  unit  of  velocity  in  a 
unit  of  time;  or,  where  Eogligh  measures  are  used,  one  foot  per  second,  per  second, 

(c)  For  a  given  rate  of  acceleration,  the  total  accelerations  are  of  course  propor- 
tional to  tiie  times  during  which  the  velocity  incrt^ases  at  that  rate. 

Art  9  (a).  liaws  of  acceleration.  Suppose  two  blocks  of  iron,  one  (which 
we  will  call  A)  twice  as  large  as  the  other  (o),  placed  each  upon  a  perfectly  frictionleaa 
and  horizontal  plane,  so  that  in  moving  them  horlaontally  we  Are  opposed  by  no  force 
tending  to  hold  them  still.  (See  Art.  27  (d),  p  318  i).  Now  apply  to  each  block, 
through  a  spring  balance,  a  pnll  such  as  will  keep  the  pointer  of  each  balance  always 
at  the  same  mark,  as,  for  instance,  constantly  at  2  in  both  balances.  We  Uins  have 
equal  forces  acting  upon  unequal  masseR.:^  Here  the  rate  of  accelenition  of  a  la 
double  that  of  A ;  for  i;rhen  tUe  forces  are  equal  the  rates  of  acpelera- 
ratlon  are  lnversel|r  as  the  masses. 

In  other  words,  in  one  second  (or  in  any  other  given  time)  the  small  block  of  iron, 
4^  will  acquire  twice  the  increase  of  velocity  that  A  (twice  as  large)  will  acquire ;  so 
that  if  lK)th  blocks  start  at  the  suiie  time  fn>m  a  state  of  rest, the  smaller  one,  a,  will 
have,  at  the  end  of  any  given  time,  twice  tlie  vtlocUy  of  A,  which  has  twice  its  maaa. 

(b)  Again,  let  the  two  masses.  A  and  rt,  be  equal,  bnC  let  the  force  ererted  upon  a 
be  twice  that  exerted  ufion  A;  Then  the  rate  of  acceleration  of  a  will  (as  before)  bo 
twice  that  of  A ;  for,  mrhen  the  masses  are  equal,  the  rates  of  aeoelerat* 
ration  are  directljr  as  the  forces. 

(c)  We  thus  arrive  at  the  principle  that,  in  any  case,  the  rate  of  acoeleratlon 
Is  dlrcctlir  proportional  to  the  force  aud  Inversely  proportional 
to  the  mass. 

•We  here  ^peak  of  the  force  of  gravity,  fx<»rtpd  in  a  given  plnce,  as  constant, 
because  it  U  so  for  all  practical  vurposes.  Strictly  speaking,  it  increases  a  very  little 
as  the  stone  approaches  the  earth. 

t  Since  the  rai:  of  acceleration  is  g»«neratly  of  greater  ronsequence.  in  Mechanics, 
than  the  total  acceleration,  or  the  *< acceleration*'  proper.  Sf'tentlflc  writers  ^for  the 
sike  of  brevity)  use  the  term  "acceleration"  to  denote  that  raU,  and  the  term 
"  total  aooderatk>n  "  to  denote  the  total  increase  or  decrease  of  velocity  occurring 
during  any  given  time.  Thus,  the  rate  of  acceleration  nf  giufity  ^(MNWt  Sti2  ft.  per 
8'MX>nd  per  second)  is  called,  simply,  the  **  acr^erstion  of  gravity."  As  we  shall  not 
have  to  use  either  expression  very  frequently,  we  shall  generally,  to  avoid  ndtapm'o- 
honslon,  give  to  each  Idea  Its  full  name ;  thus,  "  total  acceleration  "  for  the  whole 
change  of  velocity  in  a  given  ciase,  and  "  rate  of  acceleration  "  for  the  rate  of  that 
dwnge. 

t  The  mass  of  a  body  is  the  quantity  of  matter  that  it  contains.   Seo  Art,  11 ,  p.  312. 
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(d)  Henc»,  if  we  aialtd  tb«  two  forces  praportionid  to  tlie  two  maaMt.  ttie  nx*9 
of  accelnnition  will  beeqaitl;  or,  for  m,  i^v«n  rmto  of  Mscotenttlotty  Ui« 
forces  mast  b«  directljr  at  ibe  m«»«c«« 

(e)  tlence,  also,  a  greater  force  is  required  to  impart  •  given  vvloeity  to  a  given 
body  in  h  short  time  thtio  to  impart  th«  8»tme  velocity  io  a  louger  time.  IW  iostaoce, 
the  forward  conplio!;  links  of  a  long  train  of  cars  would  snap  instantly  under  a  pull 
Bufflcieat  to  give  to  the  train  in  two  seconds  a  velocity  of  twe<ity  miles  per  hour,  sup- 
poeiug  a  sufiici-nt'.y  powerful  locomotive  to  exi^t  In  mnny  such  cases,  therefore,  we 
have  to  be  contented  with. a  slow,  ioBtuad  of  a  rapid  acceleration. 

A  string  may  sately  sustain  a  weight  of  one  pound  Bu<«pended  from  onr  hand.  If 
we  wish  to  impart  a  great  upward  velocity  to  the  weight  in  a  wrythort  Htm,  we  evi- 
dently can  do  so  tiuly  by  exerting  upon  it  a  great  force;  in  other  words,  by  jerking 
the  string  violently  upward.  But  if  the  string  has  n»t  tensile  strength  snfflcietit  w 
tninsmit  this  force  from  our  hand  to  the  weight,  it  will  break.  We  might  safely 
give  to  the  weight  the  de'iired  velocity  by  applying  a  leas  forc^  daring  a  longer  time. 

(f )  When  a  stone  falls,  the  force  pulling  the  earth  upward  is  (as  remarked  above) 
equal  to  that  which  pulls  the  stone  downward,  but  the  mass  of  the  earth  is  so  vastly 
greater  than  that  ol  the  stone  that  its  motion  is  totally  imperceptible  to  us,  and 
would  still  be  so,  even  if  it  were  not  counteracted  by  motitns  in  other  directions 
in  other  parts  of  the  earth.  Hence  we  are  pracUcaVy,  though  not  abiolutely,  right 
when  we  tay  that  the  earth  remaiud  at  rest  while  the  stone  falls. 

its)  ^^^  ^^  ^^^  <^*^  ®^  ^^  ^^^  billiard  ballf*  (Art.  5  c.  p.  309),  we  can  clearly  sea 
the  result  of  the  action  of  the  force  upon  tach  of  the  two  bodies;  for  the  second 
ball,  B,  which  was  at  rest,  now  moves  forward,  while  the  forwnrd  velocity  of  the 
first  one,  A,  is  diminished  or  destroyed,  its  backward  motion  thus  appearing  as  a 
retardatinn  of  itn  forward  motion.  And,  (since  the  »ame  foroe  acts  upon  both  balls) 
mass  .  mass  . .  rate  of  acceleration  .  rate  of  negative  acceleration 
of  A   •   of  B   •  •  of  B  *  of  A 

or  (since  the  force  acts  for  the  same  time  upon  both  balls) 

mass      m«ps  .     forward  velocity  .  loss  of  forward  velocity 
of  A  •    of  B  •  •  of  B  •  of  A 

(h)  KcMARK.  A  man  cannot  f{fi  a  weight  of  20  tons;  but  if  it  be  ftlaced  upon 
|Bt>per  friction  rollers,  he  can  move  it  horizontally,  as  we  see  in  some  drawbridges, 
turntables,  Ac. ;  and  if  friction  and  the  resistAsce  of  the  air  could  be  entirely  removed, 
be  could  move  it  by  a  rihgle  breath ;  and  it  wonid  continiie  to  move  forever  after  the 
force  of  the  breath  had  ceased  to  act  upon  it.  It  would,  however,  move  very  slowly, 
because  the  force  of  the  sin^e  breath  woQld  have  to  diffusa  itself  among  20  tons  of 
matter.  He  can  move  it,  if  it  be  placed  in  a  suitable  vessel  in  water,  or  if  snspended 
from  a  long  rope.  A  powerful  locomotive  that  may  move  2000  tons,  cannot  lift  10  tons 
vertically. 

If  we  imagine  two  bo^^iee,  each  as  large  and  heavy  as  the  earth,  to  be  precisely 
balanced  in  a  pair  of  scales  without  friction,  a  single  grain  of  sand  added  to  either 
scale-pan,  would  give  motion  to  both  bodies. 

,  Art.  10  (»).  The  constant  force  of  gravity*  is  a  uniformly  accelerating  force 
when  it  acts  upon  a  body  falling  freely ;  for  it  then  increases  the  velocity  at  the  uni- 
fbrni  rate  of  .322  of  a  foot  per  second  during  every  hundredth  part  of  a  second,  or  32.2 
feet  per  second  in  every  second.  Also  when  it  acts  upon  a  body  moving  down  an  in- 
clined plane ;  although  in  this  case  the  Increase  is  not  so  rapid,  because  it  is  caused 
by  only  a  part  of  the  gravity,  while  another  part  presnes  the  body  to  the  plane,  and  a. 
third  part  overcomes  the  friction.  It  ia  a  uniformly  retarding  force,  upon  a  body 
thrown  vertically  upward ;  for  no  matter  what  may  be  the  velodty  of  the  body 
vhen  projected  upward,  it  will  be  diminished  .322  of  a  foot  per  Second  in  each 
hnndredth  part  of  a  second  during  its  rise,  or  82.2  feet  per  second  during  each 
entire  second.  At  least,  such  would  be  the  rase  were  it  not  for  the  varying  resistance 
of  the  air  at  different  velocities.  It  is  a  uniformly  straining  force  when  it  causes  a 
body  at  rest,  to  press  upon  another  body ;  or  to  pull  upon  a  strine  by  which  it  is 
mepended.  The  foregoing  exprefsions,  like  those  of  momentum,  strain,  push,  pull, 
lift,  woric,  Ac,  do  not  indicate  different  Hnd$  of  force ;  but  merely  different  kinds  of 
tfeets  produced  by  the  one  grand  principle,  'force. 

(b)  The  above  32.2  feet  per  second  is  called  the  aeeeleratloii  of  f^ra-rltw  |  and 
by  scientific  writers  is  conventionally  denoted  by  a  small  g  %  or,  more  correctly  speak- 

♦Seefootnoto*p.  310.    - 
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InfT,  since  the  acceleration  is  not  precisely  the  same  at  all  parts  of  the  eartb,  g 
donoceH  the  aeceleratioa  per  second,  whatever  it  may  be,  at  auy  particular  place. 

Art.  11  (a).  Relation  1>etireen  force  and  mass.  The  mass  of  a  body 
is  the  quantity  of  matter  which  it  contains.  One  cubic  foot  of  water  has  twic« 
as  great  a  mass  as  hcUf  a  cubic  foot  of  water,  but  a  less  mass  than  one  cubio 
foot  of  iron.  Thus,  the  size  of  a  body  is  a  measure  of  mass  between  bodies 
of  the  same  material,  but  not  between  bodies  of  different  materials. 

(b)  When  bodies  are  allowed  to  fall  ftreely  in  a  vacuum  at  a  given  place, 
they  are  found  to  acquire  equal  velocities  in  any  given  time,  of  whatever 
different  materials  they  may  be  composed.  From  this  we  know  (Art.  9  (d), 
p.  311),  that  the  forces  moving  them  downward,  viz. :  their  respective  xoeighU 
at  that  place,  must  be  proportional  to  their  masses. 

Thus,  in  any  given  plaeef  the  weight  of  a  body  is  a  perfect  measure  of  its  mass. 
But  the  weight  of  a  given  body  changes  when  the  body  is  moved  from  one  level 
above  the  sea  to  another,  or  from  one  latitude  to  another;  while  the  mass  of 
the  body  of  course  remains  the  same  in  all  places.  Thus,  a  piece  of  iron  which 
weighs  a  pound  at  the  level  of  the  sea,  will  weigh  less  than  a  pound  by  a  spring 
balance,  upon  the  top  of  a  mountain  close  by,  because  the  attraction  between 
the  earth  and  a  given  mass  diminishes  when  the  latter  recedes  from  the  earth's 
center.  Or  if  tne  piece  of  iron  weighs  one  pound  near  the  North  or  Sonth 
Pole,  it  will,  for  the  same  reason,  weigh  l€ss  than  a  pound  by  a  spring  balance 
if  weighed  nearer  to  the  eouator  and  at  the  same  level  above  the  sea. 

The  diflference  in  the  weight  of  a  body  in  different  localities  is  so  slight  as 
to  be  of  no  account  in  questions  of  ordinary  practical  Mechanics;*  but 
scientific  exactness  requires  a  measure  of  mass  which  will  give  the  same 
expression  for  the  quantity  of  matter  in  a  given  body,  wherever  it  may 
be;  and,  since  weighing  is  a  very  convenient  way  of  arriving  at  the  quanti^ 
of  matter  in  a  body,  it  is  desirable  that  we  should  still  be  able  to  express  ihe 
mass  in  terms  of  the  weight  Now,  when  a  given  body  is  carried  to  a  higher 
level,  or  to  a  lower  latitude,  its  loss  of  weight  is  simply  a  decrease  in  the /ore« 
with  which  gravity  draws  it  downward,  and  this  same  decrease  also  causes 
a  decrease  of  the  veloeitv  which  the  body  acquires  in  falling  during  any 
given  time.  The  change  in  velocity,  by  Art.  9  (6),  p.  310,  is  necessarily  proper* 
tional  to  the  change  in  weight 

Therefore,  if  the  weight  of  a  body  at  any  place  be  divided  by  the  velocity 
which  gravity  imparts  in  one  second  at  the  same  place  (and  called  Sf  or  the 
acceleration  of  gravity  for  that  place),  the  ^uoften^  will  be  the  same  at  all  places, 
and  therefore  serves  as  an  invariable  measure  of  the  mass. 

(e)  By  common  consent,  the  unit  ot  mass,  in  scientific  Mechanics,  is  said 
to  be  that  quantity  of  matter  to  which  a  unit  of  force  can  give  unit  rate  of 
acceleration.  This  imit  rate,  in  countries  where  English  measures  are  used, 
is  one  foot  per  secona,  per  second.  It  remains  then  to  adjust  the  units  of  force 
and  of  ^nass.  Two  methods  (an  old  and  a  new  one)  are  in  use  for  doing  this. 
We  shall  refer  to  them  here  as  methods  A  and  B  respectively. 

(A)  In  ntetlftod  A«  still  generally  used  in  questions  of  statfes,  the  mnit 
oC  foree  is  fixed  as  that  force  which  is  equal  to  the  weight  of  one  pound  in  a 
certain  place;  i. «.,  the  force  with  which  the  earth  at  that  place  attracts  a 
certain  standard  piece  6f  platinum  called  a  pound:  and  the  unit  of  mass  is 
not  this  standard  piece  of  metal,  but,  as  stated  in  (c),  tliat  mass  to  which  this 
unit  force  of  one  pound  gives,  in  one  second,  a  velocity  of  one  foot  per  second. 
Now  the  one  pound  attraction  of  the  earth  upon  a  mass  of  one  pound  will  ■ 
(Art.  1,  p.  362)  in  one  second  give  to  that  mass  a  velocity  —  y  or  about  82  feet 
per  seoond;  and  (Art  9  (a),  p.  310),  for  a  given  force  the  masses  are  inversely  as 
the  velocities  imparted  m  a  given  time.  Therefore,  to  give  in  one  second  a 
velocity  of  only  one  foot  per  second  (instead  of  o  or  about  S2)  the  one  pound 
unit  of  force  would  have  to  act  upon  a  mass  g  times  (or  about  82  times)  that 
which  weighs  one  pound. 

This  could  be  accomplished,  with  an  Attwood*8  machine.  Art  16  {c),  p.  315, 
by  making  the  two  equal  weights  each  —  15  ^  lbs.  and  the  third  weight  —  1  lb. 

*The  greatest  discrepancy  that  can  occur  at  various  heights  and  latitudes, 
by  adopting  weight  as  the  measure  of  quantity,  would  not  be  likely  to  exeem 
1  in  300 ;  or,  under  ordinary  circumstances,  1  in  1000. 
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By  method  A,  therefore,  the  unit  of  masn  is  g  times  (or  About  33  tirotts)  the 
mass  of  the  standard  piece  of  metal  called  a  pound;  t.  e^  a  body  coDtaiolng 
one  such  unit  of  mass  weighs  g  lbs.  or  about  3il  lbs. ;  or,  bjr  melMd  Ap 

the  weight  of  any  given  body         y  the  masi  of  the  body, 
in  lbs.  —y  A      in  units  of  mass. 

Or, 

the  maw  of  a  body,  in  unite  of  mass  -  the  weight  of  the  body^  in  pounda 

g 
For  instance: 

in  a  body  weighhig  the  mass  is  about 

14  pound  ^  unit  of  mats 

1  «  A     **       ** 

2  -  A      "       - 

82  "  1  44  M 

W       "  2       "       " 

It  has  been  suggested  to  call  this  unit  of  mass  a  *'Matt.** 

(e)  In  metlftod  B»  the  mots  of  the  standard  pound  piece  of  platinum  is  taken 
as  the  malt  of  bums  and  is  called  a  posuidt  and  the  force  which  will  jgiTe 
to  it  in  one  second  a  velocity  of  one  foot  per  second  is  taken  as  the  unit  otfiree. 
This  small  unit  of  force  is  called  a  powndal*  In  order  that  it  may  in  one 
second  give  to  the  mass  of  one  pound  a  velocity  of  only  one  foot  per  second,  it 

must  (by  Art  9  (b),  p.  310)  be  JL  /or  about  -L  j  of  the  tosight  of  said  pound  mass. 
Hence,  bjr  naetbod  B* 
the  nms  of  any  given  body,  in  pound*  -  the  tveight  of  the  body  in  poundalM 

9 
and 

theioei^Aeof  a  bod  J,  in  poiMidaJc  — 9  X  the  moM  of  the  body  in  pound*. 

For  instance: 

in  a  body  weighing  the  mass  of  the  body  is  about 

^  poundal  —  ^  pound  ^  pound 

1     "      -A   "  A   " 

«     "      -A   -  A   " 

32        "  —  1        "  1        " 

64        "  —  2        •*  2        " 

(f )  For  conirenlemee,  we  sometimes  disreg^d  the  scientific  require- 
ment  that  the  unit  of  force  must  be  that  which  will  give  unit  rate  of  accele- 
ration to  unit  mass,  and  take  a  pound  of  matter  as  our  unit  of  m<u«,  and  a 
pocmd  vieiaht  as  our  unit  ot  force.  Our  unit  of  force  will  then  in  one  second 
rive  a  velocity  of  g  (or  about  32.2  feet  per  second)  to  our  unit  of  mass.  In 
SUUicat  we  are  not  concerned  with  the  massea  of  bodies,  but  only  with  the 
forces  acting  upon  them,  including  their  weightB. 

Art.  19  (a).  InapmlM.  By  taking,  as  the  unit  of  force,  that  force  which,  in 
<me  second,  will  give  to  unit  mass  a  velocity  of  one  foot  per  second,  we  have 
(by  Art  9,  p.  310),  in  any  case  of  unbalanced /orce  acting  upon  a  mass  during  a 
given  tiin«: 

Velocity    -      force  X  time  _  ^^ 

''  mass 

Force        -    velocity  X  mass    .  .  .  (g) 

time 
Mass         -      force  X  time  ^3. 

velocity 
Time         -    mass  X  velocity    ...  (4) 
force 


also 


Force  X  time  —  mass  X  velocity.    ...  (6) 
22 
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To  tho  product,  force  X  time,  in  equation  <5\  writers  now  give  ttie  name 
ImpnUe,  which  was  t'ormeriy  given  to  eoUHtion  (now  cailed  Impact),  (See 
Art.  24  (a),  p.  318  «).  The  term  impuUie,  v»  now  used,  conveys  merely  the  idea 
of  force  acting  through  a  certain  lertgth  of  time.  Equation  (5)  tells  us  that  an 
impulse  (the  product  of  a  force  by  the  time  of  its  action)  is  numerically  equal 
to  the  momentum*  which  it  produces.  Equation  (2)  tells  us  that  any  mrce  is 
numerically  equal  to  the  momentum  which  it  can  produce  in  one  second.  In 
other  words,  the  Bftomentani  of  a  body  moving  with  a  given  velocity  is 
numerically  equal  to  the  force  which  in  one  second  can  produce  or  destroy 
that  velocity  in  that  body;  or,  a  force  is  numerically  equal  to  the  rate  per 
so3ond  at  which  it  can  produce  momentum.  Thus,  forces  are  proportional  to 
the  momentums  which  they  can  produce  in  a  given  time;  or,  in  a  given  time, 
equal  forces  produce  equal  momentums.  Therefore  a  force  must  always  give 
equal  and  opposite  momentums  to  the  two  bodies  between  which  it  acts. 

Art.  13  (ft).  Tlft«  usual  inrmy  of  measiuiB§(  a  farce  is  by  ascertaining 
the  amount  of  some  other  force  which  it  can  counteract.  Thus  we  may  meas- 
ure the  weight  of  a  body  by  hanging  it  to  a  spring  balance.  The  scale  of  the 
balance  then  indicates  the  amount  of  tension  in  the  spring;  and  we  know  that 
tho  weight  of  the  body  is  equal  to  the  tension,  because  the  weight  just  pre- 
vents the  tension  from  drawim?  the  hook  upward. 

Thus,  force*  are  con-re nleutljr  expressed  In  vrelglitSy  as  in  pounds, 
tons,  &c.,  and  they  are  generally  so  mea-iured  in  Static!*,and  in  our  following 
articles.  The  scientific  method  of  measuring  force.  Art  0,  p.  310,  it*  hardly 
applicable  to  ordinary  practice. 

(b)  A  force  may  l»e  constant  or  -rarlaMe.  When  a  stone  rests  upon 
the  ground,  the  pull  of  gravity  upon  it  (i. «.,  its  weight)  remains  constant, 
neither  increasing  nor  decreasing.  But  when  a  stone  is  thrown  upward  its 
weight  decreases  very  slightly  as  it  recedes  from  the  earth,  Mid  again  increases 
as  it  approaches  it  during  its  fell.  In  this  case,  the  force  of  gravity,  acting 
upon  the  stone,  decreases  or  increases  fteadUy.  But  a  force  may  change 
suddenly,  or  irregularly,  or  may  be  intermittent;  as  when  a  series  oi  unequal 
blows  are  struck  by  a  hammer.  In  what  follows  we  shall  have  to  do  only  with 
forces  supposed  to  be  eonstant. 

Art.  1^  (a).  Denstljr.  The  densitiea  of  materials  are  proportional  to  the 
masses  contained  in  a  given  volttme,  as  a  cubic  inch;  or  inversetif  as  the  volume 
required  to  contain  a  given  mass.  Or,  since  the  weights  at  a  given  place  are 
proportional  to  the  masses,  the  densities  are  proportional  to  the  weights  per 
unit  of  volume  (or  "specific  gravities")  of  the  materials.  Thus,  a  body  weij^h- 
in.if  loa  lbs.  p3r  cubic  foot  is  twice  as  dense  as  one  weighing  only  60  lbs.  per 
ciioic  foot  at  the  same  place. 

Art*  15  (a).  Inertia*  The  inability  of  matter  to  set  itself  in  motion,  or  to 
change  the  rate  or  direction  of  its  motion,  is  called  its  inertia,  or  inertness. 
When  we  say  that  a  certain  body  has  twice  the  inertia  (inertness)  of  a  smaller 
one,  we  mean  that  twice  the  force  is  required  to  give  it  an  equal  rate  of  accele* 
ration ;  and  that,  since  all  force  (Art.  5  (0.  P-  309)  acts  equally  in  both  direo- 
tions,  we  experience  twice  as  great  a  reaction  (or  so-called  "resistance*')  from 
the  larger  body  as  from  the  smaller  one.  The  "  inertia  '*  of  a  body  is  therefore 
a  measure  of  the  force  required  to  produce  in  it  a  given  rate  of  acceleration;  or, 
which  is  the  same  thing,  it  is  a  measure  of  the  mass  of  the  body.  We  may 
therefore  consider  "inertia"  and  "mass"  as  identical. 

(b)  What  is  called  the  "resistance  of  inertia"  of  a  body,  is  simply  the 
roaotion,  (».  e.,  one  of  the  two  equal  and  opposite  actions)  of  whatever 
force  we  apply  to  the  body.  Hence,  its  amount  depends  not  only  upCHi  the 
mass  of  the  body,  but  also  upon  the  rate  of  acceleration  which  we  choose  to 

*The  momentnnk  of  a  body  (sometimes  callea  its  "quantity  of  motion*^) 
is  equal  t>  the  product  obtained  by  multiplying  its  mass  by  its  velocity.  If  we 
adopt  the  pound  as  the  unit  of  mass,  as  in  "method  B,**  Art  11  (e),  p.  313,  the 
product,  weight  in  pounds  X  velocity,  is  numerically  either  exactly  or  nearly 
the  same  as  the  product,  mass  in  pounds  X  velocity,  depending  upon  whether 
or  not  the  bodv  is  in  that  latitude  and  at  that  level  where  a  mass  of  one  pound 
is  said  to  weigh  one  pound.    But  the  product,  weight  in  poundals  X  velocity,  is 
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gire  to  ii  Therefore  we  omnnot  tell,  from  the  mass  or  weighi  of  a  body  alone, 
what  its  "resistance  of  inertia"  in  aoy  given  ease  will  be. 

Arc  16  (a).  Fofves  In  opposite  dlreetlona.  When  two  eqoal  and 
oppoBitB  forced  act  tipon  a  iKxly  at  Uie  lame  time,  and  in  the  Mone  straigbt  line, 
we  say  that  they  destiuy  each  other's  tt* ndeucies  tu  mure  the  body,  and  ic  reniNias  a€ 
nrsc  If  two  unequal  foices  tbns  act  in  opputltion,  the  smaller  l>roe  «ud  an 
equal  portion  of  tUu  greater  one  are  said  to  coonteract  each  other  in  the  i<ame  way, 
hnt  the  remainder  of  tiie  ftroiiter  furce,  acting  as  an  nnbal»noed  or  nnrMi»tad  furoe^ 
m«iTefl  the  body  In  Us  own  diroction,  as  it  would  do  if  it  were  the  only  lorce  acting 
upon  it.    Caution.    See  e,  p.  316.  > 

The  result,  boweTer,  will  1h'  the  same,  as  regards  the  motion  produced,  if  (in  either 
case)  we  connider  both  ibrcett  ak  cnudlng  the  full  motions  duo  to  tli<  m  respectiTely, 
Hud  these  motions  as  oountfractiug  eiich  other;  oompletel>  or  paitiully,  according  to 
whether  the  furcds  are  fqual  or  nueqnal. 

Thus,  when  we  move  bodies,  in  practice,  we  encounter  not  only  the 
"resistance  of  inertia"  (t.  c,  we  not  only  have  to  exert  force  in  order  to  move 
inert  matter),  but  we  are  also  oj^posed  by  other  forces^  acting  against  ns,  as 
friction,  the  resistance  of  the  air,  and,  often,  all  or  a  part  of  the  weight  of 
the  body.  By  **  re.sit'tances,"  in  the  following,  we  mean  such  resisting /orees, 
and  do  not  include  in  the  term  the  "resistance  of  inertia.*' 

(b)  Suppose,  for  convenience',  that  the  resistance  of  a  certain  railroad 
train  remains  ='1  ton  at  all  speeds  (see  Art.  2U,  p.  374 e);  that  is,  that  a  pull  of 
1  ton  on  the  draw-bar  would  m  all  cases  balance  the  resistance  and  maintain 
the  speed  uniform.  Suppose  the  train  to  be  pulled  first  by  an  engine  exerting 
a  constant  pull  of  2  tons  on  the  draw-bar;  and  then  by  one  pulling  3  tons. 
Strictly  speaking  these  engines  impart  to  the  train,  in  a  given  time,  velocities 
which  are  to  each  other  as  2  to  3,  or  as  the  respective  pulnng  forces  of  the  two 

.  engines;  but  in  both  cases  the  supposed  uniform  resistance  of  1  ton  wouM,  in 
the  same  timp,  cau§e  a  retardation  {or  counter-acceleration)  of  1.  Hence  tne  net 
or  resultant  velocities  (i.  e.,  the  observed  velocities)  would  be  ■■  2  —  1  and 
3  —  1,  or  —  1  and  2;  or  in  proportion  to  the  net  or  resultant/arce«. 

(c)  An  «Atiwood's  Macl&ine,"  consists  essentially  of  a  pulley,  a  flexible 
cord  passing  over'  the  pulley,  two  equal  weights  (one  suspended  at  each  end 
of  the  cord),  and  a  third  weight,  generally  much  lighter  than  either  of  the 
other  two.  The  two  equal  weights  balance  each  other  by  means  of  the  pulley 
and  cord.  The  third  weight  is  laid  upon  one  of  the  other  two  weights.  The 
foroe  of  gravity,  acting  upon  the  third  weight,  then  sets  the  masses  of  the  three 
weights  in  motion  at  a  small  but  constantly  increasing  velocity.  In  order  to 
do  this  it  must  also  overcome  the  friction  of  the  puTltty  and  cord,  and  the 
rigidity  of  the  latter;  but^  as  these  are  made  as  slight  as  possible,  they  are, 
for  convenience,  neglected.  The  machine  is  used  for  illustrating  the  accelera- 
tion given  to  inert  matter  by  unbalanced  force,  and  forms  an  excellent  exam- 
ple of  the  two  distinct  duties  which  a  moving  farce  generally  has  to  perform, 
viz.:  (1st)  the  balancing  of  resistance,  and  (2ni)  ascoleration. 

(d)  In  the  case  of  a  locomotl-vvtdraiirlns  a  train  on  a  lewel»  friction 
and  the  resistance  of  tlie  air  are  the  only  resistances  to  be  balanced ;  for  the 
weight  of  the  train  here  opposes  no  resistance.  Unless  the  force  of  the  steam 
is  more  than  sufficient  to  balance  the  resistances,  it  cannot  move  the  train. 
If  it  exceeds  the  resistances,  the  excess,  however  slight,  gives  motion  to  the 
inert  matter  of  the  train.  If,  at  any  moment  while  the  train  is  moving,  the 
force  of  the  steam  becomes  j[us<  equal  to  the  resistances  (whether  by  an  increase 
of  the  latter  or  by  diminishing  the  force)  the  train  will  move  on  at  a  uniform 
velocity  equal  to  that  which  it  had  at  the  moment  when  the  force  and  resis- 
tance were  equalized;  and,  if  these  could  always  be  kept  equal,  it  would  so 
move  on  forever. 

But  so  long  as  the  excess  of  steam  pressure  over  the  resistances  continues 
to  act,  the  velocity  is  increased  at  each  instant ;  for  during  each  such  instant 
the  excess  of  force  gives  a  small  velocity  in  addition  to  that  already  existing. 

But,  as  the  velocity  increases,  the  steam  pressure  in  the  cylinders  decreases 
(snpposing  the  boiler  pressure  and  the  valve  opening  to  remain  the  same), 
for  tne  piston  travels  faster  through  the  cylinder,  and  the  boiler  can  no  longer 
supply  steam  fast  enough  to  fill  the  cylinder  and  maintain  the  original  pres- 
sure.   Thus,*  after  a  time  the  force  of  the  steam  and  the  resistance  become 

*Some  of  the  resistances  also  increase  while  the  velocity  increases. 
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equal,  and  tho  train  moves  at  a  uniform  velocity,  simply  becaam  thore  is 
now  no  opposing  force  to  retard  its  motion,  and  no  moving  force  to  accelemte  it. 
When  It  becomes  necesitary  to  stop  at  a  station  some  distance  ahead,  steam 
,  is  sliut  off,  so  tliat  tlie  steam  force  of  the  engine  shall  no  longer  counterbal- 
ance or  destroy  the  resisting  forces ;  and  the  number  of  the  resistances  them- 
selves is  increased  by  adding  to  them  the  friction  of  the  brakes.  The 
resistances,  thus  increased,  are  now  the  only  forces  acting  upon  the  train,  and 
tiieir  acc3leration  is  negative,  or  a  retardatioH.  Hence,  the  tram  moves  more 
and- more  slDwly,  and  must  eventually  stop. 

(e)  Similarly,  when  a  horse  is  drawing  a  light  carriage,  and  has  given  it  a 
very  higli  speod,  ho  can  no  longer  do  more  than  keep  himpelf  in  advance  of  it, 
and  exert  a  pull  sufficient  to  balance  the  resistances  of  friction  (at  the  axles  and 
thra  jgh  the  air,  etc.)*  Or,  the  horse  may,  of  his  own  accord,  or  at  the  coal- 
man 1  of  his  driver,  intentionally  abato  the  fore j  of  his  pull  to  the  same  exte.it. 
When  this  takes  plaie,  we  say  that  the  carriage  is  not  acted  upon  by  any  ibrco 
(for  there  is  now  no  "  remain Jer"  left  to  act  upon  it),  and  it  moves  forwaiM  at 
a  uniform,  velocity,  because  it  is  unable,  of  itself;  to  change  the  rate  or  direction 
of  iti  motion. 

If  the  pulling  force  is  »tiU  farther  dirainisbed,  or  the  resistances  increased, 
until  the  latter  exceed  the  former,  the  "remainder"  becomes  a  minus  or  negative 
auantity,  and  its  "acceleration"  of  the  velocity  ii  also  negative,  or  in  the 
airection  opposite  to  that  of  the  motion.  In  other  wordi,  *^  retardation**  of 
'  velocity  takci  place. 

(f)  In  a  stationary  engine  the  "governor**  takes  advantage  of  the  increase 
or  decrease  of  velocity  caused  by  au  excess  of  force  or  of  resistance,  respect- 
ively, and  by  automatically  decreasing  or  increasing  the  supply  of  steam, 
restores  the  equilibrium  between  its  pressure  and  the  resintances,  and  thuj 
reatores  also  the  uniformity  of  the  velocity. 

^g)  Caution.  When  two  opposite  forces  are  in  equilibrium,  an  addition  to 
one  of  the  forces  does  not  always  form  an  unbalanced  ford ;  for  in  many  case ) 
the  other  force  increases  equally^  up  to  a  certain  point.  For  instance,  wnea  wo 
attempt  to  lift  a  weight,  W,  its  downward  rcsistancCy  R^  remains  constantly  Just 
'  equal  to  oar  upward  pull,  P,  however  P  may  vary,  until  P  exceeds  W.  Thus,  It 
caa  never  ex<xed  W,  but  may  be  much  less  than  it.  Indeed,  when  we  stop 
pulling,  B  ceases,  although  W  (thd  attraction  between  the  earth  and  the  weigh:) 
of  course  remains-  unchanged  throughout.  Such  variation  of  reziistlng  force  to 
moet  varying  demands,  occurs  in  alitbose  innumerable  cases  where  structures 
sustain  varymg  loads  within  their  ultimate  strength.  See  also  Friction,  Art.  4, 
p.  370 

Art.  17  (a).  IVorlc.  Force,  when  it  mo¥f>s  a  body.*  is  said  to  do  *<work** 
tipun  it  The  wiMe  w<^k  done  by  the  force  in  moving  the  body  through  any  diN- 
tuice  U  measured  by  multiplying  the  fnrce  by  the  di«tnuce;  or  :  Work  —  F(irc«i  X 
distance.  If  the  force  is  taken  in  pou.nd»^  and  the  distance  in  feet,  the  product  (t»r 
the  work  donr>)  will  be  in  foot-poundx ;  if  the  Ibroe  is  in  tons  and  the  distance  iu 
iuc  led,  th )  preduct  will  be  in  inch-tons ;  and  so  on.t 

Thus,  if  a  force  of  moves  a  body  thrungh  we  bare  woi  k  —i 

1  pound  10,003  feet  10,000  foot-pouuds 

100  pounds  100    "  10,000         •* 

10,000      •*  I  foot  10,003         « 

or,  in  any  osee,  if  the  force  bo  F  pounds,  the  whole  work  dtme  by  it  in  moving  a 
body  through  «  foot,  is  F  t  foot-poun'^s. 

(b)  'I'ho  fo<>t-i>ound,  tho  fo  t-ton,  tho  inch-pound  the  i  ich-ton.  etc.,  etc.,  arA  called 
units  of  i;rorlK«t  We  may  sdopt  any  unit  we  please.  Just  us  wo  muy  stcuoa 
distALca  in  f.et,  or  in  miles,  etc.,  at  pleasure;  but  it  is  always  convenient  t  *  tako  for 
our  unit  of  work,  the  product  of  that  unit  of  force,  and  that  unit  of  distance,  which 
wo  iiro  employing  at  the  time. 

*A  man  who  is  standint  still  is  not  considered  to  be  working,  any  more  th^in 
is  n  p  wt  or  a  rope  when  sustaining  a  heavy  load;  although  he  may  be  suppurting 
au  oppresive  burden,  or  holdmg  a  car-brake  with  all  his  strength;  for  his  foi-ce 
moo'9  nothing  in  either  ctse. 

fUuder  tho  head  Levers,  it  will  be  seen  ihtt  the  tendencies  (oalied  momenU) 
whi. h  the  power  and  tho  weight  reap  ctivety  have  to  commence  m  >tion  about  the 
fulcrum  as  a  ceutu  ,  are  also  meaMnred  in  such  terms.  Work  and  momenta,  art*, 
h  iwevor,  effects  ct  force  so  different  from  each  other,  that  confusion  is  no  more 
likely  t »  oci  nr,  than  In  appb'injj  thu  sumo  measure,  one  foot,  to  materials  as  different 
as  cloth  b  :r  iron,  boardd,  dkc. 
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For  practical  purposes,  in  this  country,  forces  are  most  ftr»qnenUy  staled  in  pooMla. 
and  the  distancen  (throuK^  which  they  act)  in  feet.  Hence  tli«  ordinary  nitlt 
Of  work  18  the  foot-pound.  The  metric  nnit  of  work  is  the  kilo- 

SrAni-meter,  i.  e.  1  kilogram  raised  1  meter  =  2.zOifi  pounds  raised  3  2009  feet^ 
=  7.2331  foot-pounds.    1  foot-pound  »  U.13H25  kilogram-meter. 

(e)  lu  most  cases,  a  portion  at  Isast  of  the  irork  done  by  a  fores  is  expended  tn 
ov«reouitns  rvetetanoca  Thus,  whun  a  looomotivo  begins  to  move  a  train,  a 
pottiou  uf  its  K>rce  wurks  UKuiukt,  and  babuict-s,  the  rtsistanccs  irf  friotSon  or  of  an 
np-grado,  while  the  remaindtrr,  acting  as  nubalauced  Ibroe  npou  tho  iiMrt  nkiss  (4 
tho  train,  increases  its  Tvlucity. 

For,  in  order  to  move  a  Ik  dy  preTionsly  at  rest,  we  mnst  spply  to  it  a  force  greater 
thau  any  nKBiotiucss  which  tend  to  ket>p  h  ut  rest  Otherwi.-u  thero  will  bu  no  uubal- 
auc  d  «xc«>sa  vikncoto  give  m  ttion  to  the  uurobistiug  muss  of  the  body.  An  upward 
pull  of  exactly  one  pound  will  not  tuise  a  ouu  pouud  weight,  but  will  merely  balance 
the  duwuward  force  of  gravity.  If  Wu  inert  aso  the  upward  pull  from  one  ^ound 
(»  itf  ounces)  to  17  ouncen,  the  ounce  so  added,  bting  uuLalanctd  force,  will  give 
motion  to  the  nmss,  and  will  ucceK-rate  it)  upward  veiocity  a«  long  as  it  contiums 
to  act.  If  we  now  reduce  the  upward  pull  tu  1  |iound,  thus  uuiking  it  Just  •  qual 
to  the  dowuward  pull  of  gravity,  the  body  will  m^ve  on  upward  with  a  unifoim 
velocity;  but  if  wo  reduce  the  upward  force  to  15  ounces  (—  IJ  pound),  then  there 
will  be  an  unbalancKi  dowmward  luroe  of  I  ounce  acting  upon  the  body,  and  tLia 
downward  luroe  will  generate  in  the  body  a  downward  or  negative  acceleration  or 
reUtrdatioth  and  w  11  detttoff  the  ui-ward  velocity  in  tho  same  time  as  the  ¥pward 
excess  of  1  ounce  rcquind  to  prodtue  it  If  now  we  wish  to  prevent  the  body,fh>m 
idling,  we  must  again  increase  our  upward  force  to  1  pound. 

It  is  plain  that  during  any  time,  while  the  17  ounces  upward  ** force"  were  acting 
againnt  the  16  ounci-s  downward  *  resistance,*'  the  product  of  total  upward  loroe 
X  distance  mai<t  be  greater  than  that  of  re$i$tance  X  distance.  The  exc**ss  Is  the 
work  done  in  accelerating  the  velocity,  by  virtue  of  which  the  iKMly  hiis  arquirfd 
kinetic  energy  or  oipacity  for  doing  work  in  coming  to  revt.    See  Art.  19,  p.  318  a. 

On  the  othnr  hand,  while  the  upwanl  vvl'jcity  was  b  ing  retarded,  the  pr«  duct  of 
total  upward  force  X  distance  wad  <eM  than  that  of  resietatice  X  distance,  the 
difference  being  the  woik  done  by  the  kinotie  energy  against  the  resistance  of 
gravity. 

But  the  total  work  done  from  the  time  when  the  force  was  iq}plied  to  that  when 
tb»  weight  again  came  to  rest,  is  equal  to  tiie  product,  meaw  force  X  distance. 

In  practice,  the  term  *'  work  "  is  usually  r^  tricted  to  that  portion  of  the  work 
whidi  a  force  p<«rforms  in  balancing  the  resitfanca*  which  act  againBtit;  in  other 
worikh  to  the  work  done  by  so  much  of  the  f.roe  as  is  equal  tu  the  resistance. 

With  this  restriction,  we  have 

Work  *—  force  X  dtotence, »  reeielanoe  X  distanoe. 

Thus,  if  the  resistance  be  a  friction  of  4  lbs.,  overcome  at  every  p<>int  aloufr  a  dis- 
tnn&4  of  3  fi-et;  or  if  H  be  a  weight  <  f  4  9ta.,  lifted  3  feet  high,  then  the  work  d  no 
amounts  to  4  X  8  ■«  12  foo'-Sw.  The  lifting  of  weights;  and  tho  frii-tion  enconn- 
tert-d  in  mravly  moving  them  l»y  sliding  or  rolling,  Cv^LStitute  the  principal  sources 
of  rt-sldtauce,  and  of  work,  in  practice. 

(d)  In  cases  vrhere  tlie  velocity  to  nnltorm,  aa  in  a  steadily  runnin<; 
michiue,  the  force  is  neceKSHrily  t-qual  to  the  rotiistauce;  and  where  tho  vilociti  s  at 
tiie  betdnning  and  end  of  any  woik  arc  equal  (h»  where  the  niachino  starts  from  rest 
and  comes  to  rest  again)  the  menn  force  is  eqnal  to  the  mean  rcHistance.  In  such 
eis  s  th<>ri'foro,  the  two  prodnc's.  mean  Lrco  X  distance  and  moan  rtsistanoo  X  did- 
tanco  are  equal,  aud  we  have,  as  before. 

Work  '^  force  X  distance  —  residance  X  diotance. 

(e)  The  work  donn  by  a  honse  a<ra!nsi  resistanc(^s,  In  drawing  a  hoary  load  on  a 
levd  road,  consists  entirely  in  overc«  ming  the  friction  at  fhi*  axles  aud  rimi  of ■ 
the  wh'^fl";  but  In  dmwing  it  up  hxtU  ho  partly  l^li  tho  load  and  himself  alco. 
In  the  first  case,  his  w  ^rk  is  not  the  product  o(  the  weight  of  the  load  multiplied  by 
the  length  of  the  haul  (for  here  the  weight  in  itself  is  not  the  resistance),  but 
It  many  pnundi*  of  rolling  aud  axle  friction  multiplied  by  that  length.  In  goiu^ 
«pa  AtU  h  s  work  cons'sts  ot  friction  overcome  through  one  distance;  namely,  tho 
length  •  f  th<-  lUII ;  nnd  '>f  the  vwitfhi  of  tho  load,  vehicle  and  himself,  lifUd  throngli 
■notlier  dis    nee,  imm  ly  the  rer<ica{  height  of  the  hilL 
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(f )  In  calcniating  the  wt>rk  done  by  machinery,  etc.,  aflowanoe  must  be  made  for 
this  expenditnre  of  a  portion  of  the  work  in  overcoming  resistances.  Thns,  in  pump- 
ing water,  part  of  the  applied  fbrce  is  reqnired  to  balance  the  fViction  of  the  different 
parts  of  the  pump^  so  that  a  steam  or  water  "power,"  exerting  a  force  of  lUO  Ibe., 
and  moving  6  feet  per  second,  cannot  raise  100  lbs.  of  water  to  a  height  of  6  feet 
per  lecond.  Therefore  macliiDee,  so  far  from  gaiming  power^  according  to  the  popalnr 
ulea,  actUHliy  lose  it  in  one  sense  of  the  word.  In  darting  a  piece  of  machinery,  the 
forces  employed  have  (1st)  to  balance,  react  against,  or  destroy  the  resisting  force 
of  friction  and  the  cohesive  forces  of  the  material  which  is  to  be  operated  on  ;  and 
(2d)  to  give  motion  to  the  unresisting  matter  of  the  machine  and  of  the  materinl 
operated  on,  after  the  resisting  forces  which  had  acted  upon  them  have  thus  beien 
rendered  ineffective.  But  after  the  desired  velocity  has  been  established,  the  forces 
have  vMa-dy  to  balance  the  re»i$ta»ce»  in  order  that  the  velocity  may  continue  uniform. 

(j5)  That  portion  of  the  work  of  a  machine,  etc,  which  is  expended  against  fric- 
tion is  sometimes  called  *<lost  ^wrorls"  or  <*prejndietal  work,'*  while  only 
that  portion  is  called  **  useful  iwrorlt "  which  renders  visible  arid  tangible  service 
in  the  shape  of  output,  etc  Thus,  in  pumping  water,' the  work  done  in  overcoming 
the  friction  of  the  pump  and  of  the  water  is  said  to  be  lost  or  prejudicial,  while  the 
useful  ii^rk  would  be  represented  by  the  pi-oduct,  weight  of  water  delivered  X  height 
to  which  it  is  lifted. 

The  distinction,  although  artificial,  and  somewhat  aibttrary,  is  often  a  very  con- 
venient one ;  bat  the  work  is  of  course  not  actually  **  lost,"  and  still  less  is  it  **  pre- 
judicial ;"  for  the  water  cotild  not  be  delivered'  vrithont  first  overcoming  the  r^ist- 
ances.,  A  merchant  might  as  well  call  that  pcnlion  of  hia  money  lost  which  he 
expends  for  clerk-hire,  etc 

(li)  For  a  given  force  and  didanoe^  iheDrork  d*tie  i«  lu^ependetftt  of  tlie 
time;  for  the  product,  force  X  distance,  then  remains  tiie  same,  whatever  the  time- 
may  be.  But  the  distance  through  which  a  given  forct  will  work  at  a  given  velocity 
is  of  course  proportional  to  the  time  during  which  it  is  allowed  to  work.  Thus,  in 
order  to  lift  60  pounds  KMI  feet,  a  man  must  do  the  same  work.  (=  50U(>  foot-pounds) 
whether  he  do  it  in  one  hour  or  in  ten ;  but,  if  he  Exerts  constantly  the  aame  force, 
he  will  lift  5(k  fbe.  ten  times  as  high  in  ten  hours  as  in  one,  and  thus  will  do  ten  timm 
the  work.    Thus,  for  a  given  /oros,  the  M^ork  Is  proportlpmal  to  tlie  time* 

Art.  18  (a),  Po^wer.  The  quantity  of  any  work  may  evidently  be  considered 
without  regard  to  the  time  required  to  perform  it;  but  we  often  require  to  know  the 
rate  at  which  work  can  be  done;  that  is,  how  much  can  be  done  within  a  ceitain 
time.  '  ■ 

The  rate  at  which  a  machine,  etc.  can  work  is  called  its  power.  Thus,  in  selecting 
a  steamengiue,  it  is  important  to  know  how  much  it  can  do  per  minute,  hour,  or  day 
We  therefore  stipulate  that  it  shall  be  of  so  many  horw-powers;  which  means  nothing 
more  than  that  it  shall  be  capable  of  overcoming  resisting  forces  at  the  rate  of  so 
many  times  33,0<K)  foot-pounds  per  minute  when  i-unning  at  a  uniform  velocity,  i,  e., 
when  force  X  distance  =  resistance  X  distance. 

(b)  The  lkorsc*poirer,  33,000  fbot>ponnds  per  minute,  or  660  foot-pounds  per 
second,  is  the  unit  ofpo%ver,  or  of  rate  ofivork,  commonly  used  in  connec- 
tion with  engines.  See  p.  377.  The  metric  korse-poiirer,  called  "force  de 
cheval,"  "  cheval-vapeur,"  or  (German)  "  Pferdekraft,*'  is  75  kilogram-meters  per 
second  =  6^.48  ft.-ros.  per  sec.  =  32,549  ft.-lbs.  jier  minute  =  0.9S63  horse-power.  I 
horse-power  =  1.0138  "  force  de  cheval."  In  theoretical  Mechanics  the  foot-pon  ticl 
per  second  is  used  in  English  measure ;  and  the  kllogram-mcter  per  sec- 
Olid  in  metric  measure, 

1  foot^und  per  second  =  0.13825  kilogram-meter  per  sec  "ml. 
1  kilogram-meter  per  second  =  7,2331  tbot-pounds  per  second. 

(c)  Up  to  the  time  when  the  velocity  becomes  uniform,  the  poorer,  or  rate  ot 
irork,  of  the  train,  in  Art  16  (d\  p,  316,  is  variable,  being  gradually  accelerated. 
For  in  each  second  it  overcomes  its  resistances  (and  moves  its  point  of  application) 
through  a  greater  dietanoe  than  during  the  preceding  second.  Also,  after  the  steam  is 
shut  off,  the  rate  of  work  is  variable,  being  gradually  retarded,  when  the  force  of 
the  steam  just  balances  the  resistances,  the  rate  of  work  is  uniform. 

(d)  Pointer  s=  force  X  ▼elocf  tjr.  Since  the  rate  of  work  is  equal  to  the  work 
done  in  a  gioem  time,  as  so  many  foot-ponnde  per  ssooifd,  we  may  find  it  by  dividing  tlie 
work  in  foot-pounds  done  during  any  given  time  by  the  number  of  seconds  in  that 
time.    Thus 

„  '  *     *        i_      force  in  pounds  X  distance  in  feet 

Power  =  rate  of  work  =  — • * ; • 

time  in  seconds 
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But  this  U  eqaivalent  to 

Power  -  rate  of  work  -  force  in  poundfl  X  dl8UnicoJ[n^^ 

time  in  secoaos 
—  force  in  lbs.  X  velocity  in  foet  per  second. 

Or,  if  we  treat  only  of  the  work  of  that  force  which  overeotne$  retUtanee$:  or  io 
caseH  where  the  velocity  is  eitlier  uuilbrm  throughout  or  the  «ame  at  the 
beginning  and  end  of  the  work; 

Power,  ^     rate  of  work     ^  resistance,  ^     velocity, 

in  ft-lhs.  per  sec.  "  in  ft-lb».  per  »»ec  "■     in  Ibt.       ^  in  It  per  hoc. 

Thus,  if  the  resistance  is  3)00  lbs.  And  is  overcome  through  a  distance  of  IC 
feet  in  every  minute;  or  if  the  resistance  is  33  lb».  and  is  uvercomu  throu^  : 
a  distance  of  lOOU  feet  per  minute,  the  rate  of  tho  work  is  in  eacJi  ca^o 
the  same,  namely,  33,000  foot-pounds  per  minute,  or  one  horae-potver;  lur 
lbs.  vel.  lbs.  veL 
3300  X  lu  —  33  X  loeo  mm  33,000  foot-pounds  per  minute. 

(e)  The  same  "power"  which  will  overcome  a  given  renistance  through  a 
given  distance,  in  a  ^i  yen  time,  will  also  overcome  any  othei^  resistance  through 
Uky  other  distance,  m  that  same  time,  {urovided  the  resistance  and  distance 
when  multiplied  together  give  the  same  amount  a3  in  the  first  case.  Thu.*^ 
the  power  that  will  lift  50  pounds  through  10  feet  in  a  second,  will  in  a  second 
lift  5rHj  pounds,  I  foot;  or  25  pounds,  20  feet;  or  5U0U  pounds  ^  of  a  foot 
In  practice,  the  adjustment  of  the  speed  to  suit  different  resistanc<rf,  is  usually 
effected  by  the  medium  of  cof^wkecls,  iMlta,  or  tovera.  by  means  of 
thesa  the  engine,  water-wheel,  horse,  or  other  motive  power,  exertmg  a  given 
lorca  and  running  at  a  given  velocity,  may  be  made  to  overcome  small  lesist- 
ances  i-apidly,  or  great  ones  slowly,  as  desired. 

Art.  19  (•).  Tlie  work  wbleh  »  bodf^  can  do  by  ▼•H««  or  Ita 
motion  $  or  (whish  U  the  name  thing)  ibe  -vrorli  required  f  brine 
tbe  bofi|r  to  r^smU    Ktnettc  energy    vl«  viva,  or  ^  Urine  tonr,** 

As  already  remarked,  a  force  equal  to  the  weight  of  any  body,  at  any  piaffe, 
will,  in  one  second,  give  to  the  mass  or  matter  of  the  body  a  velocity  —  a,  or 
(on  the  earth's  surface)  about  32.2  feet  per  second.  Or  if  a  body  be  thrown 
upward  with  a  velocity  —  ^,  its  weight  will  stop  it  in  one  second. 

Since,  in  the  latter  case,  the  velocity  at  the  beginning  and  at  the  end  of  the 
second  are,  respectively,  —  g  feet  per  second,  and  —  0,  the  tnean  velocity  of  the 

body  is  -JL  feet  per  second.  Therefore,  daring  the  second  it  will  rise  _''-  feet, 

2  2 

or  about  IG  feet.  In  other  words,  the  work  which  any  bodv  can  do.  by  virtue 
of  being  tlirown  verti<ally  upward  with  an  initial  velocity,  (velocity  at  the 
ttari)  of  g  feet  per  second,  is  equal  to  the  product  of  itd  weight  multiplied  by 

-g-feet.    Or, 

work  in  foot-pounds    —    weight    X    -^ 

2 

Notice  that  in  this  case  (since  the  initial  velocity  v  is  equal  to  g),  JL.  —  l. 

Suppose  now  that  the  same  body  be  thrown  upward  with  doftble  the  former 
velocity;  ue^  with  an  mitial  velocity  equal  to  2  ^  (or  about  64  feet  per  second). 
Since  gravity  requires  (Art.  8  (c),  p.  310),  two  seconds  to  impart  or  destroy  this 
velocity,  the  body  will  now  move  upward  during  two  seconds,  or  twice  as  long 
ftmeaa  before.  But  its  mean  vdocitj/  now  is  a,  or  twice  as  great  as  before. 
1  herefore,  moving  for  double  the  time  and  with  double  the  velocity,  it  will 
travel /our  times  as  far^  overcoming  the  same  resistance  as  before  (viz. :  its 
own  weight)  through /o«r  times  the  distance. 

Thus,  by  making  its  initial  velocity  t;  —  2  (7,  i.  «.,  by  doubling  its  _1-.  making 
it -2,  we  have  enabled  the  body  to  do /our  times  the  work  which  it  could 
do  when  its  _L.  was  1;  so  that  the  work  in  the  second  case  is  equal  to  the 
9 
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product  of  that  in  the  first  case  multiplied  by  the  »quare  of   JL..  or 

9 


in  flrlbs. 


.X^?K    -    weight    X    -^  X    (^y 
2  ^  9   ' 

weight    X    4-  X    -^ 
2  o* 


weight    X 


52^ 


And  it  is  plain  that  this  would  bo  ithe  case  for  any  other  velocity.  Now  the 
total  amount  of  the  work  which  the  body  can  do,  is  independent  of  the 
amount  of  the  resistancie  against  which  it  is  done;  for  if  we  increase  the 
resistance  we  diminish  the  distance  in  the  same  proportion,  so  that  their 
product,  or  the  amount  of  work,  remains  the  same.  The  above  formula, 
therefore,  applies  to  all  cases;  t'.  e.,  the  total  amount  of-vrorlc,  in  foot 
pounds,  which  any  body  will  do,  against  any  resistance,  by  virtue  of  its  motion 
alone,  in  coming  to  rest,  is  < 

IVork  —  weight  of  moving  body,  in  lbs.  X  ^^^^^  ^^  ^*"  velocity  in  ft  per  see'd 

—  weight  of  moving  body,  in  lbs.  X  foil  in  ft  required  to  give  the  velocity 
_  weightof  moving  body,  in  lbs,  y  square  of  its  velocity  in  ft  per  second 

9  2       ; 

In  these  equations,  the  ioeight  is  that  which  the  body  has  in  any  given  place, 
and  g  is  the  acceleration  of  gravity  at  that  seune  place. 

(b)  Since  the  weight  of  a  body  ^  .^  ^^  ^^^^  ^^^  p  3^2).  the  last  formula 

9 
becomes,  by  "method  A,    Art.  11  (d), 

-virorlc            mass  of  movingbody  w  square  of  its  velocity  in  ft  per  second 
in  foot-pounds  ~  in  "tmrt&T  ^  "^  — 

and  by  "method  B,"  Art.  11  (•), 

-virorlc        _  mass  of  moving  body  w  square  of  its  velocity  in  fb  per  second 
in  foot^poundate  ~  in  pounds  ^  2^     \ 

(c)  In  the  above  equations  the  left  hand  side  represents  the  work  (or  resis- 
tance overcome  through  a  distance)  in  any  given  case,  while  the  right  hand 
side  represents  the  Iclnetio  •nergjr  of  the  oody,  by  which  it  is  enabled  to  do 
that  work.  Some  writers  call  this  energy  "via  vlva,»»  or  "  living  force*'  a 
name  formerly  given  (for  convenience)  to  a  quantity  just  double  the  energy, 
or  —  mass  X  velocity*. 

(d)  As  an  illustration  of  the  foregoing,  take  a  train  weighing  1,120,000 
pounds,  and  moving  at  the  rate  of  22  feet  per  second.  The  Kinetic  energy 
•f  such  a  train  is 

energy    -    weight    X    I£!^ ;         or. 

1,120,000  lbs.  X  —  -^  8,400,000  Jt-lbs. 
64.4 

That  is,  if  steam  be  shut  off,  the  train  will  perform  a  work  of  8,400,000  ft.-lbe. 
in  coming  to  rest  Thus,  if  the  sum  of  all  the  resistances  (of  friction,  air, 
grades,  curves,  etc.)  remained  constantly  -"  5000  lbs.,*  the  train  would  travel 

8,400,000  ft'lbs.   _  jggQ  ^ 
eooo  lbs.        ~ 

(e)  We  thus  see  that  the  total  quantity  of  work  which  a  body  can  do  by  virtue 
of  its  motion  alone,  and  without  assistance  from  extraneous  forces,  is  in  pro- 
portion to  the  weight  of  the  body  and  to  the  square  of  its  velocity  when  it 
beRins  to  do  the  work.  For  example,  suppose  that  a  train,  at  the  moment 
when  steam  is  shut  off,  has  a  velocity  of  10  miles  an  hour  and  that  the  kinetic 
energy,  which  that  velocity  gives  it,  will  by  itself  carry  the  train  against  the 

♦  In  practice,  this  would  not  be  the  case.    See  pp.  374,  etc 
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Tttsistancea  of  the  road,  etc^  for  a  distance  of  one  qnarter  of  a  mile  before  it 
stops.  Then,  if  steam  be  shut  off  while  the  truin  is  luoving  at  6, 20,  ao  or  40 
miles  per  hour  (i.  e.  with  ^  2, 3  or  4  times  10  miles  pt'r  hour)  the  train  will 
travel  Jl^,  1,  2  ^  or  4  miles  (or  ^,  4, 9  or  16  times  %  mile)  before  coming  to 
rest* 

But  the  rate  of  work  done  is  proportional  simply  to  the  resistance  and  the 
velocity  (Art  18d,  p.318).  Therefore,  the  locomotive  whose  steam  is  shut  oft 
at  20,  30  or  40  miles  per  hour,  will  require,  for  running  its  4, 9  or  16  quarters 
of  amile,  but2,3or4  times  as  many  seconds  as  itrequired  at  10  miles  per  hour. 

The  same  principle  applies  to  all  cases  of  acceleration  or  of  retardation.f 

For  instance,  in  the  case  of  a  falling  body,  the  d'mtanee  through  which  it 
must  fall  in  order  to  acquire  any  gii^n  velocity  is  as  the  sqttnre  of  that 
valncity,  but  the  time  required  is  simply  as  the  velocity.  Also,  if  a  body  is 
thrown  vertically  upward  with  any  given  velocity,  the  height  to  which  it  will 
rise  by  the  time  gravity  destroys  that  velocity,  will  be  as  the  square  of  the 
velocity,  but  the  tinie  will  be  simply  as  the  velocity.    See  Caution,  p.  862. 

Art.  580  (•).  The  momentum  of  a  moving  body  (or  the  product  of  its 
mass  by  itsvelocity)  is  the  rntCt  in  foot-pounds  per  second,  at  which  it  will 
beqin  t  >  work  against  a  resisting  fort^e  equal  to  its  own  weiqht^  as  in  the  case  of 
a  body  thrown  vertically  upward.  At  the  instant  when  it  comes  to  rest,  it^ 
momentum,  or  rate  of  work,  is  of  course  — >  nothing.  Therefore  its  mean  rate 
of  work,  or  mean  momentum,  is  one-half  of  that  which  it  has  at  the  moment 
of  starting. 

Thus,  suppose  such  a  body  to  weigh  5  lbs.  Then,  whatever  its  velocity  may 
be,  5  pounds  is  the  resisting  force,  against  which  it  must  work  while  coming 
fc>  rest    Let  the  initial  velocity  be  96  feet  per  second.    Then  its 

momentum  —  mass  X  velocity  »  5  X  96  —  480  foot-pounds  per  second; 
and,  while  coming  to  rest,  its 

mean  momentum  —  mass  X  ^^  *^  ^^  —  240  foot-pounds  per  second. 

Now,  in  falling,  the  weight  of  the  body  (5  lbs.),  would  give  it  a  velocity  of  96 
feet  per  second  m  about  three  seconds.  Consequently,  in  rising,  it  will  destroy  its 

velocity  in  the  same  time.  Ip  other  words,  the  time ^^.'^^^^    -  I^l^Sia 

acceleration  g 

—  Jl  —  3.  Three  seconds,  therefore,  is  the  time  during  which  it  can  work. 
Now,  if  the  mean  raU  of  work  in  foot-pounds  per  second  (at  which  a  body 
can  work  againi't  a  resistance)  be  multiplied  by  the  time  during  which  it  can 
continue  so  to  work,  the  product  must  be  the  total  %oork  done.   Or,  in  this  case, 

work    _  mean  rate  of  work  v.  time,  o.^  v  o      Ton  a^*  «^««^- 

in  ffc-lbs.  "-   in  ft-lbs.  per  sec.    X  or  No.  of  sees.  -  240  X  3  -  720  foot-pounds. 

-  weight  X  I^!^  X  I^^^^ 
2  g 

-weight  X  I5!|^  ,asinArtl9(a),-6X  ^  -720flrpound.. 
^g  o4 

(b)  We  may  notice  also  that  since,  in  the  case  of  a  falling  body,  or  of  one 

thrown  upward,  ^^  ^*  ^  is  the  Ume  during  which  it  must  fall  in  order  to 

g 
acquire  a  given  velooity,  or  during  which  it  must  rise  in  order  to  lose  it, 
therrfore, 

velocity  ^  veloci^  ^  ^^^  Telocity  X  time  -  distance  traversed; 
*  9 

so  that 

weight  X  Z?!^  •  weight  X  T^^^^^  x  ^^^^^^  - 

2g  2  o 

weight  X  distance  traversed      —  the  work. 


•This  supposes,  for  convenience,  that  the  resistances  remain  uniform 
throughout,  and  are  the  same  in  all  the  cases,  which,  however,  would  not  hold 
good  in  practice.    See  Art  11,  p.  374. 

t  Retardation  is  merely  acceleration  in  a  direction  opposite  to  that  of  the 
motion  which  we  happen  to  be  copsidering. 
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Art.  SI  (a).  Enercir  Is  indestructible.  Energy,  expended  in  work,ia 
n*t  destroyed.  It  is  either  tranpferred  to  other  bodies,  or  else  stored  up  in  the 
body  itself;  or  part  may  be  thus  transferred,  and  the  rest  thus  stored.  Bat, 
although  energy  cannot  be  destroyed,  it  may  be  rendered  useless  to  us.  Thus, 
a  moving  train,  in  coming  to  rest  on  a  level  track,  transfers  its  kinetic  enerfty 
into  other  kinetic  energy;  namely,  the  useless  heat  due  to  friction  at  the  rails, 
brakes  and  journals ;  and  this  heat,  although  none  of  it  is  destroyed^  is  dissipated 
in  the  earth  and  air  so  as  to  be  practically  beyond  our  recovery. 

ArU  *4*4  (a).  Potential  energy*  or  possible  energy,  may  be  defined  ast 
fitored-up  energy.  We  lift  a  one-pound  body  one-fix^oy  expending  upon  it 
one  foot-pound  of  energy.  But  this  foot-pound  is  stored  up  in  the  **  system  " 
(composed  of  the  earth  and  the  body >  as  an  addition  to  its  stock  of  potential 
energy.  For,  while  the  stone  falls  through  one  foot,  the  system  will  acquire 
a  kinetic  energy  of  one  foot-pound,  and  will  part  with  one  foot-pound  of  its 
pot  'utial  energy. 

(b)  The  potential  enertsy  of  a  "system"  of  bodies  (such  as  the  earth  and  a 
Wv;ight  raised  above  it,  or  the  atoms  of  a  mass  of  powder,  or  those  of 
a  bent  sirring)  depends  upon  the  relative  positions  oi  those  bodies,  and 
upon  their  tendencies  to  change  those  positions.  The  kinetic  energy  of  a 
sy.^tem  (such  as  the  earth  and  a  moving  train  of  cars)  depends  upon  the  masses 
of  its  bodies  and  upon  their  motion  relatively  to  each  other. 

Familiar  instances  of  potential  energy  are— the  weight  or  spring  of  a  clock 
when  fully  or  partly  wound  up,  and  whether  moving  or  not;  the  i>ent-up  water 
in  a  reservoir;  the  steam  pressure  in  a  boiler;  and  the  explosive  energy  of 
powder.  We  have  mechanical  energy  in  the  case  of  the  weight  or  springs  or 
water;  heat  energy  in  the  case  of  the  steam,  and  chemical  enei^y  in  that 
of  the  powder. 

(c)  In  many  cases  we  may  conveniently  estimate  the  totfd  potential  energy 
of  a  system.  Thus  (neglecting  the  resistance  of  tlie  air)  the  explosive  energy 
of  a  pound  of  powder  is  •=  the  weight  of  any  given  cannon  ball  X  the  height 
to  which  the  force  of  that  powder  could  tlirow  it,  —  the  weight  of  the  ball  X 
(the  square  of  the  initial  velocity  given  to  it  by  the  explosion)  -«-  2a.  But  in 
other  cases  we  care  to  find  only  a  certain  deffnite  portion  of  the  total  potential 
energy.  Thus,  the  total  potential  energy  of  a  clock-weight*  would  not  be 
exhausted  until  the  weight  reached  the  center  of  the  earth ;  but  we  generally 
deal  only  with  that  portion  which  was  stored  in  it  by  winding-up,  and  which 
it  will  give  outa^ain  as  kinetic  energy  in  running  down.  This  portion  is  —  the 
weight  X  the  height  which  it  has  to  run  down  —  the  weight  X  (the  square  of 
the  velocity  which  it  would  acquire  in  fallin^/rec/jr  through  that  height)  -^  ^g. 

(d)  There  are  many  cases  of  energy  in  winch  we  may  hesitate  as  to  whether 
thrt  term  "kinetic"  or  "potential"  is  the  more  appropriate.  Thus,  the  pres- 
sure of  steam  in  a  boiler  is  believed  to  be  due  to  the  violent  motion  or  the 
particles  of  steam,  which  bombard  the  inner  surface  of  the  boiler-shell;  bo 
that,  from  this  point  of  view,  we  should  call  the  energy  of  steam  kinetie^  But, 
on  the  other  hand,  the  shell  itself  remains  stationary;  and,  until  the  steam  is 
permitted  to  escape  from  the  boiler,  there  is  no  outward  evidence  of  enersy 
in  the  shape  of  work.  The  energy  remains  stored  up  in  the  boiler  ready  for 
use.  From  this  point  of  view,  we  may  call  the  energy  of  ^ioaax potential  energy. 

(e)  It  seems  reasonable  to  suppose  that  further  knowledge  as  to  the  nature 
of  other  forms  of  energy,  ap^rently  potential  (as  is  that  of,  steam),  might 
reveal  the  fact  that  all  energy  is  ultimately  kinetic. 

Art.  23  (a).  There  is  much  confaston  of  tdeiui  in  regard  to  those 
actions  to  which,  in  Mechanics,  we  give  the  names,  **  force,"  ••  enernrv.*' 
'*  power,"  etc.  This  arises  from  ihe  fact  that  in  every-day  language  these 
terms  are  used  indisciiminately  to  express  the  sime  ideas. 

Thus,  we  commonly  speak  of  the  "  force  "  of  a  cannon-ball  flying  through  the 
air,  meaning,  however,  the  repulsive  lorce  which  loould  be  exerted  l)etween  the 
ball  and  a  buildiirg.  etc.  with  which  it  might  come  into  contact  This  force 
would  tend  to  move  a  part  of  the  building  along  in  the  directii>n  of  the  flight 
of  the  ball,  and  would  move  the  ball  backward;  (^e.,  would  retard  its  forward 
motion).  But  this  great  repulsive  '^force^*  does  not  exist  until. the  ball  strikes 
the  building,  indeed,  we  cannot  even  tell,  from  the  velocity  and  weight  of  the 
ball,  what  the  amount  of  the  force  will  l)e,  for  thte  depends  upon  the  strength, 
etc..  of  the  building.  If  the  bu  Iding  is  of  glass,  the  force  may  be  so  slight  as 
scarcely  to  retard  the  motion  of  the  ball  perceptibly,  while,  if  the  building  ia  an 

*  For  convenience  we  m  ly  thus  spsak  of  the  energy  Of  a  »§Aem  of  bodies  (tho 
earth  auJ  the  clock-weiglitj  as  reddiug  in  only  one  of  the  liodiea. 
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earthcmbankmeiit,  the  force  will  be  miich  greater,  and  may  retard  the  motion 
of  the  ball  so  rapidly  as  to  entirely  stop  it  before  it  has  gone  a  foot  farther. 

The  niOYing  ball  has  great  (Icinetic)  mergy;  but  the  only  /(woe  that  it  exerts 
during  its  fli{^ht  is  the  oomparatively  very  slight  one  required  to  push  aside  the 
particles  of  air. 

The  energy  of  the  ball,  and  therefore  the  total  work  which  it  can  do,  are  inde- 
pendent of  the  nature  of  the  obstruction  which  it  meete ;  but  since  the  work  is 
the  product  of  the  resistance  ottered  and  the  distance  through  which  it  oan  be 
overcome,  the  distance  must  be  inversely  as  the  resistance  ottered  ;  or  (which  is 
the  same  thing)  inversely  as  the  force  required  of,  and  exerted  by,  the  ball  in 
balancing  that  resistance. 

Since  work,  in  ft.-tt>s.  =  force,  in  fcs  ,  X  distance  traversed,  in  feet,  we  have 

fAPGP  in  lbs.  =<  work,  in  ft.-lbs. rate  of  work, 

'  distance  traversed,  in  feet  ~  in  ft.-ft)s.  per  /ooL 

Art.  24  (a).  An  Impact,  blow,  stroke  or  collision  takes  place  when  a 
moving  body  encounters  another  body.*  The  peculiarity  of  such  cases  is  that 
the  time  of  aclioH  (»f  the  repulsive  force  due  to  the  collision  is  so  short  that  gen- 
erally it  is  impossible  to  measure  it,  and  we  therefore  cannot  calculate  the  force 
from  the  momentum  produced  by  it  in  either  of  the  two  bodies:  but  since  both 
bodies  undergo  a  great  change  of  velocity  (».  e.,  a  great  acceleration)  during  thifl 
short  time,  we  know  that'the  repulsive  force  acting  between  them  must  be  very 
great. 

We  shall  consider  only  cases  of  dlr«ct  Impaet,  or  impact  where  the  centers 
of  gravity  of  the  two  bodies  approach  each  other  in  one  straight  tine,  and  where 
the  nature  of  the  surfaces  of  contact  (Art.  25,  p.  818/)  is  such  that  the  repulsive 
force  cau8<$d  by  the  impact  also  acts  through  tnose  centers  and  in  their  fine  of 
i^proach. 

(b)  This  force,  acting  equally  upon  the  two  bodies  (Art.  5  (/\  p  309)  for  the 
same  length  of  time  i namely,  the  time  during  which  they  are  in  contact),  neces- 
sarily produces  equal  and  opposite  changes  in  their  nionientums  (Art.  12,  p.  314). 
Hence,  the  total  momentum  tor  product,  mass  X  velocity)  of  the  two  bodies  is 
always  the  same  after  impact  as  it  was  before. 

(c)  But  the  relative  behavior  of  the  two  bodies,  after  collision,  depends  upon 
their  elasticity.  If  they  could  be  perfectly  inelastic,  their  velocities,  after  im- 
pact, would  be  equal.  In  other  words,  they  wou  d  move  on  together.  If  they 
could  he  perfectly  efastic,  they  would  separate  from  each  other..after  collision, 
with  the  same  velocity  with  which  they  approached  each  other  before  collision. 

(d)  Between  these  two  extremes,  neither  of  which  is  ever  perfectly  realized  in 

E ract  ice,  there  are  all  possibledegrees  of  elasticity ,  with  corresponding  difierences 
1  the  behavior  of  the  bodies.  The  subject,  especially  that  of  irnHrect  impact,  is 
a  very  complex  one,  but  seldom  comes  up  in  practical  civil  engineering.  We 
therefore  refer  the  reader,  for  full  treatment  of  it,  to  such  wurks  as  those  of 
Bankine  and  Weisbach. 

(e)  "  In  some  careful  experiments  made  at  Portsmouth  dock-yard,  England,  a 
man  of  medium  strength,  and  striking  with  a  maul  weighing  18  fibs.,  the  hanale 
of  which  was  44  inches  long,  barely  started  a  bolt  about  3/^  of  an  inch  at  each 
blow;  and  it  required  a  ouiet  pressure  of  107  tons  to  press  the  bolt  down  the 
same  quantity ;  out  a  small  additional  weight  pressed  it  completely  home." 


yig   la 

Art.  25  (a),  **  Applied  *»  and  "  imparted  ♦'  forces.   When  force  is 
applied  by  contact  (Art.  5^(c),  p.  308),  the  repulsive  force  generated,  and  which 


*  The  term  "  impulse  '*  was  formerly  applied  to  cases  of  collision.    It  is  now 
used  to  siguify  the  action  ot  a/orce  during  a  certain  time.    See  Art.  12  (a),  p  314. 
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tends  to  pash  the  two  bodies  asunder,  acts  (theoretically)  always  tU  right  angUt 
to  the  surface  ofeonUiett  no  matter  what  angle  the  applied  force  may  form  with 
that  surface.  (For  apparent  exceptions,  see  below).  We  shall  confine  our* 
solves  to  cases  whero  the  two  boaies  tend  to  approach  each  other  in  ono 
straight  line;  and,  for  convenience,  we  shall  give  tne  name  applied  force 
to  the  tendency  of  the  body  a  to  aprooch  the  other  body  (B),  and  tho  name 
Imparted  for«c  to  the  action  of  the  repulsive  force  upon  B. 

(b)  If  the  two  rigid  bodies  tend  to  approach  each  other  in  a  direction  at  right 
ani^les  to  the  surface  of  contact^  as  at  a.  Fig.  1,  or  at  right  angles  to  a  tangent 
to  that  surface,  as  at  e,  d  and  e,  then  the  imparted  force  is  equal  to  the  applied 
force. 

But  if  the  applied  force,  F  g.  Fig.  1  a,  is  oblique  to  the  surface  stof  contact, 
then  (theoretically)  the  imparted  force  v  </,  is  less  than  the  applied  force. 

To  lind  the  amount  of  the  theoretical  imparted  force  in  such  cases;  let  ig 
represent  by  scale  the  amount  of  the  applied  force  (in  pounds,  etc.),  and  draw 
t «  at  right  angles  to  8  t  Then  t «  will  represent,  by  the  pame  scale,  the 
imparted  force,  acting  upon  B  in  the  direction  v  g;  and  «  o  will  represent  the 
force  withwhich  a  now  tends  to  slide  up  the  plane  «  t.  As  it  thus  slides,  it  will 
« if  it  still  retains  its  original  tendency  m  the  direction  F  g\  continue  to  exert 
tho  pressure  vg  (^is)  against  B  at  each  point  of  its  path,  8  L 

(c)  But  in  practice  we  invariably  find  apparent  violation  of  tiki* 
principle.  Tnus,  in  many  cases.  B,  Fi|^«  1  a,  would  move  in  tho  direction  F  a  of 
the  applied  force,  while  a,  msteau  of  sliding  9^ou^  <  t,  would  remain  in  contact 
with  B  at  9  and  continue  to  move  onward  with  it  in  the  direction  F  9,  but  wiUi 
diminished  velocity  because  of  the  retardation  (or  negative  acceleration) 
caused  by  the  repulsive  force  acting  in  the  direction  g  ¥.  This  shows  that 
said  force  here  acts  in  the  lino  F  y,  or  obliquely  to  the  surface  ,  «  f.  of  contact 

This,  however^  is  merely  because  even  the  most  highly  polished  flat  surface, 
as  «  f,  is  not  (as  it  appears  to  tho  eye)  a  plane,  but  is,  in  fac^  a  more  or  less 


Jagged  surface.  Fig.  2»  m  would  appear  under  a  sufficiently  powerful  micro- 
scope ;  so  that  the  force  F  a,  instead  of  forming  the  apparent  angle  F  g  s  with 
one  smooth  surface  8t  of  application,  really  oecomos  a  series  of  parallel 
forces,  as  c,  d  and  e,  which  form  other  angles  with  a  number  of  surfaces,  m  m, 
n  n,  etc.,  or  application,  inclined  (often  in  different  directions)  to  the  general 
surface  «  t.  as  shown.  Among  these  surfaces  mav  be  some,  as  m  m,  at  right 
angles  to  the  applied  force :  and,  the  force  c  will  be  imparted  to  them  in  its 
original  direction,  although  applied  obliquely  to  the  apparent  surface  «  f,  or, 
in  the  case  of  the  two  forces,  a  and  e,  applied  to  the  surfaces,  n  n  and  o  o,  if 
the  sliding  tendencies  nlonfi;  tne  two  surfaces  are  equal  and  act  in  opposition 
to  each  other,  the  combined  resistance  of  the  two  surfaces,  n  n  and  o  o,  is 
directly  opposite  to  the  forces,  as  would  be  that  of  a  single  surface  at  right 
angles  to  those  forces. 


(d)  It  is  of  course  entirely  out  of  the  question  to  ascertain  the  exact 
resistance  of  each  such  microscopic  projection  in  any  given  ease.  Instead  of 
this,  we  find  by  experiment  tho  comhined  resistance  wliich  all  of  the  projec- 
tions, in  a  given  case,  otfer  to  tho  sliding  force,  s  g  Fig.  1  a,  and  give  to  this 
rcsistauco  the  name  of  fklution.  See  Arts.  CI  to  C4,  pp.  353  tj  35G ;  and  *' Frio- 


tion,"  pp.  370  to  375. 
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(•)  If  it  were  not  for  friction,  a  body,  Fig.  64,  p.  366,  would  »Hde  down  an 
inclined  plane  wx,  no  matter  how  slight  ita  inclination  might  bo;  but  wo 
know  that  friction  often  prevents  such  sliding,  even  when  the  plane  forms  a 
considerable  angle,  yxw,  with  a  horizontal  line  wx.  When  this  angle  becomes 
so  ereat  that  the  body  is  just  on  the  point  of  startmg  to  slide  down,  ii  w 
called  the  anKl*  of  fWetlo«|  and  in  Fig.  1  a, if  tho  lorce  Ff^.doesnot  lorm 
with  the  perpendicular  « <7  an  angle  w  g  F,  greater  than  this  angle  of  friction, 
then  friction  will  oppose  aU  the  sliding  fone  «  g,  no  matter  how  great  it  may 
be:  so  that «  a  also  will  be  imparted,  in  its  own  direcUon,  to  B;  and  the  conir 
hined  effect,  or  resultant  of  tg  and  vo.  is  t  ff.  In  other  w*>rd5t  the  entire 
-  I  imparted  to  B  at  g,  and  in  its  original  direction  F  g. 


ttuutura  force  t  o  will  be  .^.^.-..^v. j,, „ -l"   »  ,       ,- 

This  is  merely  another  way  of  explaining  the  acUon  of  the  forces,  c,  d  and  e, 
Fig.  2. 

(f)  This  remark  is  particularly  applicable  to  the  ca«e  of  the  mmmonrr 
Joints  Iw  the  abutments  of  stone  arenesf  especially  those  of  largo 
span,  with  small  rise.  The  pressure  which  such  an  arch 
exerts  upon  its  abutments  is  very  great;  and  its  line 
of  d  irection  changes  at  each  joint,  as  at  o,  n  and  m,  Fig.3. 
It  therefore  becomes  necessary  first  to  find  the  posi- 
tion of  this  line  (see  Art.  72,  p.  359),  so  as  to  know  how  to 
draw  the  varying  inclinations  of  tho  joints  nearly  at 
right  angles  t4»  it;  otherwise,  the  upper  courses 
n»-e  liable  to  slide  outward  upon  the  lower  ones,  as 
shown  by  the  arrow.  In  small  arches  of  considerable 
rise,  the  sliding  portion  of  this  force  may  be  safely 
resisted  by  good  mortar  or  cement,  if  sufficient  time  be  first  allowed  for  it  to 
harden  properly;  but  in  large  ones,  the  direction  of  the  joints  must  be  relied 
on,  unless  we  increase  the  expense  by  making  the  abutments  unduly  thick. 

The  angle  of  friction  of  masonry  on  masonry  (see  table,  p.  373)  is  about  32°. 
Therefore,  if  at  any  bed-joint  of  masonry,  as  in  the  abutment  of  Fig.  3,  the 
resultant  that  cuts  said  joint  at  the  line  of  pressures,  onm,  does  not  differ 
more  than  32°  from  a  perpendicular  to  said  joint,  there  will  be  no  unresisted 
tendency  to  slide  at  that  joint 

(jg)  Fig.  4  is  added  merely  to  illustrate  more  strikingly  the  necessity  for 
clearly  distinguishing  between  applied 
and  imparted  forces.  Here  the  great 
force  a  o  is  applied  to  the  body  B  B  at 
the  point  o;  but  all  of  it  that  is  theo- 
retically imparted  to  the  body*  or  pro- 
duces any  kind  of  effect  upon  it,  is  the 


B'iK. 


very  small  amount  represented  by  c  o, 
at  right  angles  to  the  surface  of  B  B  at  o,  but  we  have  seen  that  in  practice 
fnrtion  increases  it,  and  makes  its  direction  coincide  more  nearly  with  that 
of  ao. 

All  this  will  be  better  understood  after  studying  CJomposition  and  Resolution 
of  Forces,  Arts.  28,  etc.,  pp.  819,  etc. 

(h)  If  force  /  be  imparted  to  any  rigid  body,  as  N,  Fig.  6,  at  any  point 

e;  and  if /o  represent  the  direction 
in  which  it  was  imparted,  whether 
as  a  pull  or  as  a  push,  then  the  forno 
will  produce  the  same  effect  upon 
the  body  considered  as  an  entire 
mass,  as  it  it  had  been  imparted  as 
either  a  pull,  or  a  push,  in  the  same 
direction,  at  any  other  point  of  the 
boHy  in  said  line ;  as  at  r.  t,  «,  o,  &c. 

Under  Composition  and  Resolution 
of  Forces,  it  will  be  seen  to  be  some- 
times necessary  to  consider  a  push 
/c,  to  be  changed  to  a  pull  o  *,  and 
vice  versa,  when  we  wish  to  ascertain  the  joint  effect  or  rcsultfint  of  a  pull 
and  pu>«h  imparted  to  a  body  at  the  same  time.    See  Remark  1,  Art.  29,  p.  320. 
(I)  Tlie  foregoing  importont  principle  holds  good,  no  matter  how  many  differ- 
ent forces  may  be  acting  upon  the  body  at  the  same  time,  in  different  directions; 
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or  how  much  the  direction  of  their  Joint  efFect,  or  resultant,  roa^Miffer  from 
that  of  any  one  of  them ;  the  action  of  each  force,  considered  separtOdyy  may 
be  regarded  as  just  stated.  The  tendencies  of  several  forces,  acting  ai  tho 
same  moment,  may  tlierefore  frequently  be  first  investigated  one  by  0^3 ; 
aud  these  tendencies  then  combined  into  one ;  or  the  forces  themselves  may 
first  be  combined  into  one  or  more  resultants,  «0  directed  under  Composition 
and  Resolution  of  Forces,  and  the  effect  of  these  resultants  considered.  The 
engineer  has  generally  to  divide  all  the  forces  acting  upon  his  structures  into 
two  classes;  namely,  those  whose  tendency  is  to  Buure  the  stabiUty  he 
rcquireu ;  and  those  which  tend  to  impair  that  stability.  He,  therefore,'  first 
finds  the  resultant,  or  joint  effort,  of  each  class  separately;  and  then  compares 
these  two  resultants  with  each  other. 

(J)  It  is  plain  that  if,  instead  of  regarding  the  body  aa  riirr^d,  we  considered  it  as 
ehiBtic,  or  as  breakable,  an  entirely  different  course  would  be  necessarv,  as 
the  question  would  then  become  one  on  the  •trength  of  materials:  for  the  force 
f,  applied  at  c  or  t,  as  a  push,  might  break  off  the  pieces  c  and  t ;  and  so  with 
the  same  force  as  a  pull  at  a  or  0.  Although  masonry,  iron,  timber  and  other 
building  materials  are  by  no  means  absolutely  rigid,  yet  generally  they  may 
be  assumed  to  be  so  when  we  are  investigating  the  effect  of  force  to  over- 
throw or  derange  the  structure  as  a  whole. 

Art,  S6  (m)i  When  different  forces  act  upon  a  body,  it  is  absolutely  essen- 
tial, in  considering  their  effects  upon  it,  jto  know  whether  they  all  act  in  tlM 
same  plane}  for  if  they  do  not,  their  effects  become  totally  different. 


A  flat  piece  of  pap^r  Is  a  plane,  and  if  on  it  we  draw  any  nnmber  of  straight  Hnet, 
in  atiy  direction  whatever.  iIm  y  wiil  r-prescnt  so  many  forces  all  acting  in  that  same 
plane;  that  is,  the  same  flat  surface  coiucidrs  with  thu  dirt'ctions  of  all  of  them  It 
will  <  vldi'ntly  do  the  same  in  whatever  position  this  plane  surface  may  be  placed, 
whether  hurlzontal.  vertical,  or  inclined,  s^tmight  lines  drawn  on  tho  floor  of  a  room, 
will  reprefient  forces  in  that  same  plane;  lines  on  the  ceiling,  forces  in  f/mtsame 
)  lane;  which  of  course  is  not  the  same  plane  as  that  of  the  floor;  so  with  lines  oD>the 
siiles  of  tho  room.  All  the  linei  otit.nt^ct.  Fig.  6,  are  in  the  same  plane  tote. 
Although  i  ns  in  the  pUoe  tote;  and  t  e  at  the  same  time  in  the  plane  tcge,  and 
in  the  pla'ie  tone\  aud  < e  in  the  plan"  9neg\  and  t «  in  the  plane  i  t  e s,  still  all  <^ 
these  namely,  t^  te,  «<*,  and  t«,  are  evidently  in  the  same  plane  it«8.  Any  two 
lines  which  meet,  or  wonld  meet  or  intersect  each  other  if  sufiiciently  extended  in 
either  direction,  are  in  the  same  plane;  as  ot,  tf;  or  st^it\  or  fs,  e«.  Still  two 
lines  may  be  in  the  tome  plane,  and  yet  not  meet  if  extended;  as.  for  instance,  tho 
parnflel  lines  cUge^  in  the  plane  tege.  The  lines  a  t  and  a  e,  being  in  parallel 
planes,  oict  aud  n « e 9,  cannot  meet  if  extended.     Kor  parallel  f irces,  see  p.  347. 

REMAitK.  We  must  not  confound  acting  in,  with  acting  on^  upon  or  against 
th'-i  same  plane.  The  floor  of  a  room  is  a  plane,  and  upon  or  against  that  same 
piano,  forces  in  a  thousand  different  i>Ianes  may  act.  The  distinction  is  so 
self-evident^  that  a  bare  allusion  to  it  will  prevent  mistake.    See  Fig.  1,  p.  347. 

Art.  ilT  (a).  Stress  or  strain  takes  place  when  two  forces  act  upon  a 
body  or  particle,  either  in  opposite  directions  or  in  directions  meeting  at  an 
angle.*    This  occurs  when  force  is  applied  to  a  body  in  such  a  way  that,  at  a 

*  Modern  writers  on  the  Strength  of  Materials  call  this  action  of  opposite 
forces  *'stressf  and  apply  the  term  ** strain*^  to  the  change  of  shape  which  a 
body  undergoes  when  thus  acted  upon.  We  use  the  word  "strain"  in 
its  usual  sense,  viz.:  as  denoting  stress,  or  the  action  of  the  opposing  forces. 
Under  Strength  of  Materials,  pp.  4:J4,  etc.,  we  use  the  word  •*  stretch  "  for 
change  of  shape,  as  better  expressing  that  idea  than  does  the  word  "strain.** 
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given  instaotv  it  aots  aneqoaUyCor  in  diArenidiractioDf)  apQO  different  ptitB 
of  it;  in  other  words,  when  force  is  oommiinicated  through  matter.  Different 
particles  of  the  body  then  tend  to  move  with  different  velocities,  or  in  different 
directions,  and  thus  ta separate  from  each  other.  Thin  is  prevented,  if  at  all, 
by  the  inherent  cohesive  forces  of  the  material,  which  tend  to  hold  tlie 
particles  together  or  in  their  original  positions.  These  forces  thus  transfer 
the  extraneous  force  from  one  particle  to  another,  and  compel  it  to  give  a 
$maU  acceleration  to  the  entire  maee  of  the  body  instead  of  a  greater  accelera- 
tion to  the  small  part  lying  near  the  point  of  application. 

Thu5>,  if  we  attempt  to  move  a  heavy  weight  suspended  by  a  cord,  however 
Ions,  by  pulling  upon  a  siring  attached  to  one  side  of  the  weight,  the  pull 
tends  first  to  set  in  motion  the  particles  near  its  pomt  of  application,  while  the 
other  particles  of  the  body  have  not  yet  been  acted  upon  by  it.  This  tendency 
is  resisted  by  the  inherent  cohesive  force  thus  called  into  action  between 
those  particles  and  those  next  beyond  them,  which  force,  while  it  pulls  the 
first  particles  in  a  direction  opposite  to  the  tension  of  the  string,  pulls  the  next 
ones  in  the  direction  of  that  tension,  thus  (as  it  were)  transmitting  the  pull 
of  the  string  to  them.  The  force,  or  stress,  or  strain,  is  thus  rapidly  trans- 
mitted from  particle  to  particle  throughout  the  body,  each  particle  being 
subjected  to  a  strain  by  the  two  forces  which  act  upon  it  in  opposite  directions. 

(b)  The  inherent  cohesive  force  of  matter,  bv  which  its  particles  are  held 
in  close  union,  frequently  causes  the  matter  itself  to  appetu*  to  resist  straining 
force;  thus,  a  cake  of  ice  may  sustain  a  great  pressure;  but  it  we  desitroy  its 
cohesive  force  by  converting  it  into  water,  it  will  yield  readily.  So  with  the 
metals  and  stones  if  reduced  to  duflt  It  in  not  the  material  that  resists  being 
broken;  but  the  inherent  eoAMive /orc«  which  holdii  the  paitidesof  the  ma- 
terial together.  If  they  are  not  sufficient  to  resist  the  separating  tendency 
of  the  extraneous  forces,  the  body  will  be  broken. 

This  view  uf  the  subject  Is  treated  of  nnder  "Strength  of  Materials,**  pp.  4:U, 
etc.  We  here  confioe  ourwIvestD  the  considenitioa  of  the  (•fTect  pmdiioed  lipou  the 
rigid  budy,  at  a  to^>/«,  by  two  oxterual  forces  acting  upun  it  either  in  upfwdte  direc- 
tions  or  in  directions  meeting  at  an  angle. 

(c)  Stream,  or  Str»ln,  as  thus  considered,  i^  the  action  of  equal  forw^s,  or  of 
equal  parts  <Mr  components  of  unequal  forces,  acting  upon  a  budy  in  oipotdtedirtfctious 
in  the  same  rtraight  line.     See  fiiot  note  *.  p.  <slS  h. 

(1)  If  the  imparted  forces  as  en  and  5  a.  Fig.  9^,  p.  320,  form  an  angle  with  each 
other,  then  equal  components,  c  J  and  6  o,  of  the  two  forces,  react  against  ench  'thiT 
at  the  point  a  as  strain,  while  the  other  two  component*,  (tauf  eo,  and  o  a  of  6  a. 
which  may  or  may  not  be  eqa..l)  form  a  reetUtant,  na^  which  acts  at  a  as  unbalanced 
force,  giving  motion  to  the  body  nnlesi  prevented  by  some  thini  force. 

(2)  If  unequal  forces  act  upon  a  body  In  opposite  directions  in  the  same  straight 
line,  the  smaller  force,  and  a  portion  of  the  greater  force  equal  to  the  smaller  one, 
act  against  each  other  as  strain,  anl  the  remainder  of  the  greater  force  (l  e.  the 
resultant),  gives  motion  to  the  body  in  lis  own  direction. 

(?)    If  two  equal  and  opposite  forces  act  upon  a  body,  they  have  no  resaltant. 

In  all  these  three  cases  the  two  equal  and  opposite  forces,  or  compen^nts  destroy 
each  otlier*s  effects  by  acting  against  each  other  us  strain,  and  thus  give  the  body  no 
tendency  to  move  in  eltlier  direction. 

Strictly  Bfieaking,  the  two  equal  fbroes,  straining  againiit  each  other,  do  not  even 
keep  a  body  at  rest ;  but  the  liody  rests  merely  because  the  two  forces  balance  each 
other,  and  therefore  cannot  pretfent  Ufrnm  resting.  As  a  matter  of  convenience  only, 
we  Day,  however,  say  tliey  keep  it  at  rest. 

(d)  The  mere  fact  that  a  body  is  subjected  to  great  strains  fW>m  equal  forrea  acting 
npon  it  in  oppoafte  directions,  di»es  not  of  itself  render  the  bt»dy  more  difficult  lo 
ni'»ve  than  If  it  were  firee  from  stniins. 

Thus,  let  B,  rig.  7, 1>e  a  block  resting  on  a  horizontal  Mipport,  and  ncted  up'^n  by  a 
downward  f  rce  d  of  100  tons,  produced  by  an  immense  block  of  granite  resting  upon 
B.  Now  it  is  plain  that  this  loo  tons  downward  force  will  be  met  and  balanced  by  a 
10 >  tons  upward  force  «,  lieing  the  reslstHnoe  of  the  horisontal  support.  The8«>  two 
equal  reacting  forces  produce  in  the  body  B  a  strain  of  10.)  tons ;  but  evidently  do 
iMtt  impart  to  it  as  a  whole  any  tendency  to  move  in  any  direction  whatever :  nor  do 
they  tend  to  prevent  it  from  b»*ing  moved  in  any  direction.  The  boily  thenifore 
ruuhius  as  before  a  mere  inert  mass  incapable  of  resisting  th<'  slightest  moving  force. 
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Kow  stippoMO  no  friction  to  exist  at  either  the  \ma&  or  the  top  of  B.  Then  the 
sllKhtest  horizontal  force  A,  a  mere  breath,  would  slide  B  along  the  horizontal  sup- 
port, moving  it  from  under  the  100  ton  block  on  its  top.  No  matter  how  heavy  B 
might  be,  the  same  Bmaliest  force  would  slide  it,  the  only  difference  being  that  Iho 
heavier  it  was  the  greater  must  be  its  mass,  and  the  less  would  be  the  velocity  im- 
parted in  a  given  time.  If  perfectly  hard  and  frictionioss  nrilers  were  interposed 
between  B  and  its  support,  B  would  slide  over  the  rollers,  under  the  action  of  force  Jk, 
without  moving  the  rollers  in  the  least,  or  making  them  revolve,  or  even  temdmg  to 
BO  move  them  or  make  them  revolve. 

The  heaviest  bodies  resting  npon  the  surfare  of  the  earth,  as  well  as 
ourselves,  vrould  be  swept  along  by  the  slightest  breeze  if  it  were 
not  for  friction. 

If  the  screw  of  a  vise  be  worked  nntil  it  produces  a  great  strain  in  ..        j 

the  jaws  of  the  vise,  the  vise  is  not  thereby  rendered  more  difficult    .  ^' 

to  move.  ITlcr   "T 

Again,if  a  strain  of  thousandsof  tons  were  produced  by  the  jaws  of  a"^  ***•  ' 
vise  in  a  body,  weighing  an  ounce,  this  iranienso  strain  would  not  prevent,  nor 
even  tend  in  the  smallest  degree  to  prevent,  the  ounce  body  from  falling  down  from 
the  jaws  of  the  vise.  It  is  prevented  by  friction,  which  ia  simply  the  upward  resiBting 
force  of  the  ronghoesses  or  prqfeetiona  on  the  faces  of  I  he  jaws.  The  two  forces  of  thou- 
ands  of  tons  each,  which  produce  the  strain  of  the  vise,  are  entiretif  destroyedy  as 
regards  their  action  upon  tho  body  as  a  nohole.  Hence  they  could  not  prevent  the 
one  ounce  from  producing  motion  in  it ;  nor  could  they  affect  it  as  a  whole  in  any 
way ;  fur  all  their  action  is  against  each  other.  It  is  on  this  jninciple  alone  that 
strains  do  not  interfere  with  motions. 

If  a  body  H,  Fig.  8,  of  10  tons  weight,  is  suspended  from  a  long  rope,  its  reaction 
against  the  equal  opposing  firco  at  the  other  end  of  the  rope,  produws  a  continuous 
strain  among  all  the  particles  which  compose  the  rope ;  but  thiadoes  not  in  the  least 
affect  the  rope  considered  as  a  whole,  imtsmuch  as  it  does  not  tend  to  move  it  in  any 
direction.  Now,  in  this  rase,  there  is  pmcticaUy  no  friction 
tb  Ite  overcome;  and  we  know  from  daily  experience  tliat  it 
is  therefore  easy  to  move  the  unresisting  body  a  little  distance, 
by  applying  a  very  small  horizontal  force/.  We  cannot  move 
it  fir,  ax,  for  instance,  to  m,  because  we  then  have  not  only 
to  moocy  but  to  l^  it  through  the  vertical  height  v  e.  In  doing 
thirt,  it  is  true  our  force  d^ee  not  have  to  snstain  the  entire 
weight  of  the  body ;  because  most  of  it  Is  sustained  by  the 
lope.  Still,  if  we  move  it  at  oil,  we  have  to  overcome  tome 
of  its  weight;  otherwise,  a  mere  breath  would  move  it, 
altliough  very  slowly.  If  w«  attempt  to  move  it  by  an 
npwanl  force  «,  we  shall  have  still  more  <if  its  weight  to  re-  ^ig.  o 

f^iflt  us;  and  if  by  a  downward  or>e  d,  we  shnll  !«  resisted  by 

the  cohesive  force  of  the  rope.    Therefore,  in  this  case,  we  can  move  it  more  readily 
by  the  horisontal  force  f. 

(e)  Since  two  equal  opposing  forces,  or  eqnal  portions  of  uneqnal  onep,  thns  bring 
each  other  to  a  $tand-rtiW,  or  eqitUibrate  earh  other,  they  are  railed  Static;  from  the 
liatin  "Stn,  I  stand  ;"  and  that  branch  of  the  science  of  force  which  treats  only  of 
cams  in  which  all  the  applied  forces  keep  each  other  at  rest,  is  called  «Stattlcs  "  or 
'*  Kqnlltbrlum.*'  It  is  with  this  branch  of  the  science  of  Mechanics  tliat  the 
civil  engineer  is  chieflv  concerned. 

(f )  Strain*  like  the  force  which  produces  it,  is  conveniently  measured  or 
ex  pressed  In  \irelfftits,  as  in  {mundu,  tons  Ac  Its  amount  or  quantity  is  eqnal 
fo  that  of  only  one  of  the  two  equal  opposing  forces.  Thus,  if  two  men  pull  agaiunt 
each  other  at  two  ends  of  a  rope,  earh  with  a  force  of  30  lbs ,  the  strain  on  the  rope 
iM  but  30  ll)s ;  as  is  made  manifest  if  one  of  the  men  applies  his  pull  through  a  spring 
lialance  attached  to  his  end  of  the  rope.  If  the  other  man  also  does  the  same,  his 
balance  also  will  show  a  strain  of  :Vi  pounds ;  bnt  this  does  not  indicate  that  the  total 
strain  is  60  lbs. ;  for  if  ten  such  balances  were  inserted  al-^ng  the  rope,  each  would 
show  alx>ut*  HO  lbs,  but  they  would,  of  course,  not  increase  the  strain.  If  a  rope 
passes  over  a  pulley,  and  equal  weights  l»o  snsp^nided  at  each  end  of  it,  then  the  two 
equal  forces  of  gravity  of  the  two  weights  stmin  against  each  other,  and  also  strain 
the  rope,  to  an  amount  equal  to  one  of  them. 

*  The  strain  Is  a  little  less  at  the  center  than  at  the  ends.  See  Suspension  Bridgcw, 
p.  «lfi  If  the  rope  had  no  weight,  or  if  its  weiflrht  w^re  supported  upon  a  horlzonlal 
table  in  line  with  the  pull,  the  strain  would  bo  uniform  (3i  lbs.)  thronghont  the  rope. 
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Art.  98.    Composition  and  resolution  o/  forvM.    If  two  forcn^ 

a  o  and  b  o.  Figs.  9.  whether  equal  or  aneqiial,  are  imparted  at  the  wme  time 
to  aa  unresistiug  rigid  tody  o,  in  directiun$  eUher  eonoergimg  Unoard,  or  diverging 
fnmiy  the  •ame  point  o,  at  any  angle  whatever;    then  the  body  o  cannot  ponibly 


be  kept  at  rest  by  them ;  or  in  other  words,  eqnilibrinm  cannot  exift  between  them; 
or  they  canned  balance,  or  completely  react  against  each  other ;  the  body  must  move. 
Equal  parte  of  each  of  the  two  forces  w*i1l  mntiially  destnyy  each  other  as  strain 
among  the  parUclee  of  the  body ;  while  the  remaining  portions  will  unite  tooonetiCnte 
a  single  force  r  o,  which  wi>l  move  the  vrhole  hqd$  in  a  direction  o  d,  in  the  line  r  o 
extended ;  and  which  direction  o  d  will  always  be  somewhere  between  those  in  which 
the  separate  f«>rces  would  have  moved  it. 

If  we  lay  off  o  e  and  <  o  bv  any  convenfont  srale,  to  represent  respectively  the 
amnnnts  of  the  forces  a  o  and  b  o,  and  then  complete  the  parallelogram  oert;  the 
diagonal  r  o,  measured  by  the  same  scale,  will  represent  both  the  oirectkm  and  tho 
aoiottnt,  of  the  tingle  resultant  force. 
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The  same  prooaM  will  WMWtr  alw  for  foroM  wkleb  inatiead  of  iuoti«a.  produce  •(rmtb,  sot  eidj  te 
(ke  pariMes  of  tl>«  bodv,  bui  in  (be  bodjr  iu«jr  eouaidered  u  »  whole ;  or,  lu  other  worde,  a  tendeoc* 
to  press  or  pull  the  eutfre  body  In  a  ceruiu  direction.  Thus,  suppose  that  two  men  were  either  pult* 
ing  or  piubing  with  the  foroe-H  e  o  and  (  o ;  trying  in  vain  to  detach  a  piece  o  of  rock,  froai  a  diff  of 
whicb  it  forms  a  portion ;  and  which,  bj  iu  inherent /ore*  (^c«*«<i'oii  to  tbe  cliff,  detie«  tb^r  efforts. 
Here  we  bare  a  case  of  extraneou$  /orces,  resisted,  or  reacted  against,  or  balanced,  bj  *treMgtk  vf 

As  in  tbe  case  of  motion,  the  two  forces  partly  destroy  each  other  as  strain  among  the  particdes  oC 
the  body ;  and  tbe  remainders  combine  to  form  the  single  force  ro,  which  tends  to  more  the  whol* 
b<idy  toward  d.  Tbe  rock  resists  tbis  single  foi«e,  by  a  cobesire  force  precisely  equal,  and  diametri- 
cally opposite  to  it :  and  so  long  as  it  doe*  so,  there  is  strain  but  no  motion.  Tlie  piece  of  rock  may 
have  strength  enough  to  oppose  a  much  greater  resistance ;  but  cannot  aetaaily  exert  It  unless  th* 
men  also  exert  more  force. 

In  the  matter  of  comp  and  res  of  forces,  it  must  be  remembered  that  wlien  force  is  applied  to  s 
body  in  order  to  produce  motion,  care  mast  be  taken  that  there  is  no  otlier  force  to  prerent  it ;  bat 
when  tbe  force  is  intended  to  produce  strain,  it  is  eqoaUj  necessary  that  other  force  should  be  preeeni 
to  oppose  it ;  for  strain  is  the  oppo$Mon  of  forces. 

The  fig  o  c  r  <,  Figs  9,  it  called  the  parAllelMrram  of  forees.  The  two 
original  forceaco,  <o,  are  called  the  compmvmtg  of  the  force  ro]  which  results  from 
their  joint  action ;  and  the  force  r  o  is  ciiAed  the  resullant  of  the  original  ones  which 
compose  it.  The  priaciple  of  the  parallelogram  of  forces,  than  which  there  is  none 
more  important  in  the  whole  range  of  mechanical  science,  may  be  expressed  thus: 
If  any  two  forces,  (both  motions,  or  both  strainu,)  whose  directions  either  convers* 
toward,  or  diverge  f^m,  the  same  point,  be  represented  both  in  quantity  and  in  01- 
rectioii  i»y  two  adjacent  sides  of  a  parallelogram ;  then  will  their  resoltant  be  simi- 
larly represented  by  the  diag  of  the  parallelogram,* 


^ 


0  a 


ri<i9i 


Bem.  1.    If  one  of  (lio  f6re<H«,  ma  e,  apper  Fig  0^,  is 
a  pall,  and  the  olher  a  pusii,  then  to  find  th*-ir  resalt- 

ant  ol  we  must,  before  drawing  tbe  parallelogram  of  fbroes,  BMTe  (or  laMcias 
to  be  moTed)  cue  of  tbe  forces  to  tbe  opposite  nide  of  the  point  •,  so  as  t*  ebaaga 
it  from  a  pull  to  a  push,  or  etce  versa,  so  that  both  shall  be  pulls,  or  both  punbea, 
as  shown  by  the  two  lower  6gs.  Otherwise  we  should  obtain  a  wrong  resultaaC 
no  of  the  top  fig.  Either  a  posh  or  a  pull  equal  to  el,  if  applied  at  o,  woaiil  ba 
equal  in  effect  to  the  punh  a  and  the  ptul  c  Tbe  remark  is  or  fluent  use  wliea 
finding  strains  in  bowstring  and  ereeoent  trusMs ;  as  in  many  other  eases. 

Rem.  2.  When  any  three  forces  as  a,  6,  e,  form- 
ing only  two  angles  axb  and  bxc,  balance  each  other 
at  any  point  z,  then  a  straight  line  as  o«  can  be 
drawn  through  that  point  so  that  all  three  forces 
shall  be  on  one  side  from  it:  then  also  a  parallel<^^m  xn  can  be 
drawn  on  the  three  lines  a,  b.  c,  having  the  middle  line  b  for  ita 
diagonal ;  and  this  diagonal  will  be  of  a  different  character  fh>m 
the  two  outer  forces  a  and  e;  that  iSj  if  they  are  pulls,  It  will  be 
a  push,  and  vice  versa.  But  if  as  in  the  three  balancing  forces 
t,  t,  s,  three  angles  assxt^  txi^  sxi,  are  formed,  neither  such  a  line, 
nor  such  a  parallelogram  ean  be  drawn ;  and  the  three  forces  will 
all  be  alike,  all  puUs  or  all  pushes.  All  this  is  evident  from  the  two 
figures. 

Rem.  3.  We  have  allndeil  to  eqnal  parts  of  each  component  as  being  lost^  or  de- 
stroyed, by  reacting  against  each  other;  thus  producing  within  the  l>ody  a  straining 
of  its  particles ;  and  therefore  having  uo  tendency  to  move,  push,  or  pull,  the  body 
as  a  whole,  in  any  direction. 

Let  b  a  and  e  a  be  any  two  components,  and  na  their  resultant.    From 
TL    ^4    /'^SL\  ^^*  ^"^^  angles  h  and  c,  opposite  to  the  diagonal,  draw  bo  and  e <  at  right 

|A|CQjL  (.,^0  angles  to  the  diagonal;  or  to  the  diagonal  extended,  if  necessary,  as  in 

'^'5*'2  )Cl>^>^X  Flg9H-  These  two  lines.  6e,  <e.  will  always  be  equal  to  one  another; 
^^^^  ^^wBi  whatever  may  be  the  lengths  and  directions  of  the  components  bm,  ea. 
When  two  forces,  as  6  a,  e  o,  are  imparted  at  a.  there  occurs  a  loas  of  force 
eq^al  to  what  would  result  from  the  reaction  of  two  forces  equal  to  fro  and 
c  1.  It  is  lost  by  becoming  strain  against  tbe  oobeslre  forces  of  the  parti* 
clea  which  compose  the  body  a.  In  anticipation  of  what  is  said  In  Art  SI, 
we  will  state  that  the  force  b  a  may  be  regarded  as  made  op  of  the  foroM 
bo,  oa;  and  the  force  c a,  of  e i.  t' a ;  which  act  also  in  those  directions, 
when  b  a  and  c  a  converge  toward  a,  as  in  Pig  9}i  ;  or  in  the  direetioM 
ao,  ob,  and  a  f,  I  e,  when  the  forees  diverge  from  a,  as  in  Pig  9H.  In  either  ease,  howerer.  these 
forces,  fr  0,  a  o,  c  <,  <  a,  Ac,  must  be  considered  as  being  imparted  at  a.  This  being  ■oppoeed,  it  be> 
e<imcs  plain  that  when  b  a  and  c  a  meet  at  a,  inasmuch  as  &  e  and  ei  destroy  each  other  as  strain 
against  tbe  internal  cohesiTC  forces  of  the  body,  there  remains  nothing  to  act  upon  the  body  oonsli* 
ered  as  a  whole,  except  oa  and  ia;  which,  being  together  equal  to  no.  (as  seen  in  the  flg.>  are,  ia 
other  words,  equal  to,  or  actually  compose,  the  resultant  n  a  of  the  two  componenu  &  a,  e  «.  See  Bern  ft. 

*  Components  and  Rennlf  ant«  may  be  ralralated  by  tbe  form- 
ulas in  Art  45,  when  a  diagram  is  not  considered  sufficiently  accurate. 
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W«  oonoelTe  tbst  eaoli  of  the  oiiginal  foraM  tmOamran  m  tk  wmn  to  eoiiiptl  tlM  oUmt  to  teavt  ks 
own  ooorae,  aud  follow  that  of  iu  »DtagoniHt;  aod  the  struggle  eontlDaes  antll  tbej  here  svoeeeded 
In  forcing  each  other  Into  the  tame  direction.  This  1«  of  cooree  effected  bj  tt^ielr  reactions  against 
eaeh  oUmt;  and,  as  oconrs  in  all  eaaea  or  reaction,  they  expend  eqaal  paru  of  their  tsrees  on  eaeh 
ether.  When  the  two  foreea  act  in  diametrically  opposite  directions,  where  there  Is  no  nentral  dlac 
direction  th*t  can  be  adopted,  there  is  no  alternative  hnt  Ibr  the  larger  force  to  react  ngatnst  or  de* 
stror  the  smaller  one  entirely ;  thereby  losing  an  eqaal  ameent  ef  its  own  force.  Its  remains  totter 
on  slowly  in  their  former  nnohauged  direeUon.  The  writer  can  see  no  dilforenoe  of  prindale  between 
the  reaction  of  oppodte  forces ;  that  of  obliqoeonee;  and  that  of  these  at  right  angles  to  CMh  ether. 

Rm.  5.  When  the  direction  a  b.  Fig  9^,  of  one  of  the  forces,  forms  itn  angle  ba% 
grsater  than  9(F,  with  tlie  diagonal,  the  shape  of  the  parallelograni  of  forces  becomes 
such  that  the  two  equal  lines  »o  aod  ot,  oannot  be  drawn  at  right  Angles  to  the  diag 
an  itself;  or  within  the  paraUelogram ;  in  which  case  the  diag  mnst  be  extended 
each  way,  as  to  o  and  «';  and  the  lines  bo,ci^  mnst  be  drawn  at  right  angles  to  the 
extensions. 

Whev-tUs  occurs,  the  component  forces  ao,  a  <,  cannot  as  in  Fig     J| 


9H  be  measured  on  the  diag  an  of  the  paralMograqi ;  because  they 

wUl  be  greater  than  it ;  but  teust.  lik%  fro,  ci,  he  ttehsM«a 

•f  the  fig.    And  hei-e  it  must  be  remembered  that  «e  and  a<  no 


Sonftsldft^ 


longer  meamire  forces  acting  (like  those  in  Fig  9H)  im  the  earn*,  di- , 
reditm.  Thus  the  Rtrain  uong  a  b  may  be  oqf  sidered  (see  Ck>mp 
and  Bee- of  Forces.  Art  31)  to  be  made  up  of  two  forces  imparted 
at  a;  namely,  a  hor  force  equal  to  •h,  and  a  vert  one  equal  to  ao, 
acting  ttjmard.  And  the  strain  along  a  e,  as  made  «p  of  one  hor 
fotcoeqoaltoicanda  vertMieai.  (greoMr  than  the  whole  diag,) 
acting  downward;  IwUi  of  them  imparted  at  a.  Hence,  the  re- 
■nltant «  n  we  find  Is  eqosl  to  the  diff  between  the  two  Tcrt  comp< 
Dents  a  o  and  a  i.  Thus  it  is  seen  that  this  shape  of  the  para"  * 
gnm  im  no  way  aflkcu  the  principle  laid  down  in  Benuurk  S» 


Art.  29.  According  to  Art  2M,  the  force  tse,  Fig  10,  maybe  considered  as  im* 
parted  to  the  rigid  body  B  at  any  point  whatever  in  its  Hue  of  direction  to  c ;  aUo, 
the  Ibrce  ast,  at  any  point  in  its  direction  xd;  conse-  '  _^ 
qsently,.both  of  them  may  be  considered  as  imparted  at 
the  same  point  a;  inasmuch  as  it  is  situated  in  both  these 
lines.  Hence,  it  is  immaterial,  so  far  as  regards  the  eifect 
of  thoee  two  conrerglng  forces  upon  the  lK)dy  cofistdered 
as  one  entire  rigid  mass,  whether  they  are  actually  im- 
parted like  CO  and  jr o,  at  the  same  point  o;  or  like  toe  and 
xt',  at  diff  points  i  and  e.  For  in  either  case  their  result- 
ant, or  Joint  effect  upon  the  body  as  a  whole,  is  precisely 
the  same  *,  namely,  a  tendency  to  move  the  body  in  the 
same  line  of  direction  oat.    This  tendency  will aetnatty 

f>rodace  motion  if  no  opposing  lores  prevents ;  otherwise 
t  will  produce  strain  in  the  body. 

Rsx.  1.    Hence  the  resultant  R,  of  two  converging  forces  F/,  Rg  101^ ;  or  of  twe 
diverging  ones  F/,  Fig  10>^  acting  in  the  same  plane,  but  imparted  at  diff  points  - 


%ioi- 


FlglOi 


y  Google 


322 


FOBC£  IN   BIGID  BODIES. 


A 
ill 


of  a  rigid  body  W,  may  be  foand  as  readily  as  when  Imparted  at  the  same  point:  as 
at  o,  Kigs  «,  or  Fig  10.  . 

Thua,  produce  their  lioea  of  direeUon.  eifcher  forward  as  in  Fig  10^ :  or  backward  a«  in  Flc  10)<: 
as  ibe  oaM  way  require,  until  thej  meet,  an  at  b.  Malce  b  a  by  any  scale,  equal  to  the  force  /;  and 
•  e  equal  to  the  Ibroe  F.  From  a  and  e,  draw  linM  respectively  parallel  to  6  c  and  b  a ;  thua  eomplet- 
iug  the  parallel^ram  of  foroes,  boie.  The  diag  i <  of  this  parallelogram,  measured  by  the  same 
scale,  will  represent  the  reqd  resultant  B  both  in  quantity,  and  iu  direction.  It  is  thus  seen  that  it 
is  not  necessary  «hat  the  point  b  shall  be  in  the  body  iuelf. 

RsM.  -i.  It  is  perhaps  almost  useless  to  again  remind  the  young  sMident  that  the  bodies  are  all  along 
assumed  to  be  rigid ;  or  inelastic,  and  incapable  of  being  brokeu  or  bent  by  the  imparted  forces.  For 
otherwise  the  force/,  in  Fig  10)^,  might  split  off  the  top  of  the  body  ;  or  V  might  crush  to  dust  itc 
tue  (;  or  both  might  penetrate  it.  Bat,  assuming  that  the  material  is  safl|(^nUy  strong  to  r«d«« 
suoh  splitting,  crushing,  aod  penetration,  we  at  present  conilne  oarselTes  to  the  eIRwt  of  the  feroea, 
whether  as  motion,  pnsh,  or  pull,  upon  the  body  cm  a  whole.  Th«  splitting,  icrushing.  Ac,  is  a  ma»> 
ter  that  must  be  considered  uoder  the  head  of  Strength  of  MaUriaU.  It  is  of  course  quite  as  neces- 
sary in  praotioe^  pay  attention  to  theM  effeou  as  to  the  others,  but  it  must  be  done  by  a  wparaM 
process. 

n  Art.  30.    Since  the  effect  produced  upon  a  rigid  body  (con- 

sidered as  a  whole)  by  the  resultant  (ac.  Fig  11)  of  any  two  forces 
(6  c^dc)  tending  to  or  from  the  same  point,  is  the  same  as  the  joint 
effect  of  those  two  forces  thf  mseives,  it  follows  that  if  we  oppose 
to  thosft  two  forces  a  third  oue  (mc)  equal  to  the  resultant  {ac\ 
and  diametrical ly  opposite  to  it,  that  this  third  force  will  com- 
pletely  react  against,  T»alance,  or  destroy  said  ti^o  forces;  or  rather 
their  remains.  It  is  frequently  necessary  to  consider  snch  a  third 
force,  (n  c,)  equal  and  opposite  to  a  resultant  (a  c);  and  inasmuch 
as  we^do  not  know  that  uiy  specific  name  hat  been  applied  to  it, 
although  one  is  needed,  we  suggest  Hnti-renultniit.  Ke- 
^n      MM  sultant  (a  c)  may  be  defined  to  be  a  single  foi^ce  which  will  pro- 

Jnjn  11         duce  upon  a  body  considered  as  a  whole,  the  same  result  tliat  its 
w  components  (6  c,  d  c)  produce.  Or  as  a  force  which,  if  its  direction 

were  reversed,  (thus  making  an  anti-resultant,)  would  balance  its  components. 

In  the  preoediog  Figs,  the  arrows  represent  preeauree;  if  all  the  arrows  be  rererscd.  thtu  liidl> 
eating  puiU,  the' principle  and  processes  remain  precisely  the  same;  for  force  Is  still  only  force ;  and 
its  eflb#t  upon  a  rigid  Mdy,  considered  as  a  whole,  is  the  same  whether  it  act  as  a  pull,  or  as  a  puah. 

When  the  forces  dlrerge  tnua  the  same  point,  tiMir  Mrain  la  a  paU,  or  a  tension ;  when  they  ooo- 
▼erge  toward  it,  a  push,  or  pres,  or  compression. 

Art.  31.  By  a  process  the  reverse  of  that  in  Art  28,  any  single  force,  od.  Fig  12, 
may  be  resolved  into  two  component  ones,  n  d,  m  ci,  one  on  each  side  of  it,  and  in 

the  same  plane  with  it; 
which  would  produce  the 
same  effect  as  it  upon  a 
rigid  body,  d,  (considered 
as  a  whole,)  by  merely 
drawing  from  d,  2  lines 
dQydt,  showing  the  di- 
rectipns  of  the  two  forces; 
and  then,  drawing  from 
o  two  other  lines  oit,  o  m, 
respectively  parallel  to  dg,dt;  thus  completing  the  parallelogram  (dnom)  of  forces, 
upon  od  as  its  diag.  Then  mensure  dn,  and  dm,  by  the  same  scale  as  od;  and  they 
will  give  the  dmount  of  each  of  those  forces. 

It  is  plain  that  an  iL 
ke,  may  be  drawn  upon  ■ 

resent  components  equal  i  _  _        _   -.  _^ 

nd,md,  are  equal  to  od,  as  regards  their  effect  upon  a  rigid  body  «l,  as  a  whole.  8o  are  also  the 
foroes  «  d  and  a  d :  consequently  the  efliect  of  s  d,  and  a  d,  is  equal  to  that  of  n d.  and  md.  It  will  h 
obserred  that  the  longer  any  two  components  or  '" 
the  more  neirlr  la  a  straight  line,  and  more  <L 

oonsequeiOIy  tnelnore  nearly  do  they  mutually  ^.  _  _ 

to  act  upon  the  liedy.  Thus  the  imrtion  of  the  great  forces  nd.md.  left  to  act  upon  the  body  d.  Is 
no  greater  than  that  of  the  small  forces  sd,  a  d ;  this  remainder  being  in  both  eases  represented  by 
the  resultant  od.  , 

Bbx.  Hence,  If  we  have  two  foroes,  as  the  two  palle 
ab,ae.  Fig  13^,  whoee  amounts  and  direoiioaM  both  are 
giren ;  and  which  are  oouoteraeted,  or  held  in  eqallibrlnas, 
by  two  other  foroes  sneh  as  the  two  pulls  «/,  • «,  wheat 
dirtcKone  alone  are  known,  it  beoomes  eaar  to  Sod  the 
amounte  a  d  and  a  e  of  these  last,  thns :  Ooaplel*  tin 
•wx     Mm.  i        /  C\  parallelogram  boetf  and  draw  its  diag  mL    Make  •< 

Jl|q|£-^     /  >^  equal  to  a  I,  and  in  a.  line  with  It.    Comptote  the  paral- 


n  infinite  number  of  dlfliBrently  proportioned  parallelograms,  aoch  aeditom,  dson, 
upon  any  line  o  d  as  a  diag ;  and  in  any  oue  of  them,  two  adjaoent  sides  will  rep- 

^ equal  in  effect  to  the  single  force  od,  represented  by  the  diag.    Thus  the  foroes 

It  d,  md.  are  equal  to  od,  as  regards  their  effect  upon  a  rigid  body  «l,  as  a  whole.    8o  are  also  the 

._    .      . '--"      "f  «d,  and  ad,  is  equal  to  that  of  ltd,  and  md-    ItwUlbe 

son  thesamediagare,  (as  ad,  m«l,  longer  than  sd.  ad.) 
«  directly  opposed  to  each  othar,  dn  toey  beoome?  and 
Jly  destroy  each  other;  tearing  smaller  portions  of  eaeh 


igram  ad  to;  then  plainly  «  d  will  be  the  amonnfc  a 
the  force  in  the  direction  a/i  and  ao  tbac  la  tte  dim 
tlon  ae. 
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Art.  82*  It  follows  firom  the  foregoing  articles,  that  a  sini^  foisa  oa»M»t  be 
resolved  into  two  components,  one  of  which  only  is  in  the  same  direction  as  th«t 
force  itself;  for  if  a  line  representing  that  force  be  taken  as  a  diag.  it  is  se]f>evideut 
that  no  parallelogram  can  be  drawn  upon  it  which  shall  have  any  of  its  sides  par* 
allel  to  said  diag. 

Tber«ft>re  •  rope,  m  a  ft.  Pig  U,  niMaioinc  a  wi  w,  lo  taiff  m  it  raiMiM  periwUj  Tvrt.  that  la,  pre- 
oiMlj  in  tb«  direotioB  of  Um  foroa  of  graHtjr  af  the  wt,  wtll  raerira  no  aMiataaoa  in  aphaldiag  the 
wt  bj  having  added  to  it  a  single  rope  as  o».  or  iy ;  or  one  extending  front  tbe  wt  Itself  in  anj  !>• 
dined  dlreetion.  In  other  words,  a  perfeettj  rert  rope  cannot  sustain  one  part  of  a  load,  and  one  in* 
elined  rope  another  part.  All  this,  indeed,  la  a  result  of  tbe  fact  suted  In  Art  15;  that  anr  foree, 
koiraver  great,  (aa  (he  Tert  forofe  of  an  Imoiease  snspended  weight  w.  Pig  1&.)  will  be  tamed  eat  of 
its  direction  by  any  other  foroe.  however  small,  (as  a  slight  pall  from  a  rope  ••,  or  ty,)  nnlass  tbera 
be  some  third  foree  to  prevent  it.  In  the  present  instanee,  this  third  foree  night  be  a  third  rope; 
lur  the  rope  a  b  will  be  relieved,  and  still  remain  vert,  if  we  employ  liro  obliqne  ones  to  assist  it,  pnn 
9ided  then  b4  ttaeli§  oppoaiu  tack  otktr;  or,  in  etlier  words,  that  all  three  ropes,  «r  ferees,  be  la 
one  plana. 


iyj 


FijW 


So  alto  in  the  oaae  of  a  vert  post  snstalnlng  a  load ;  the  pres  from  the  load  eannot  pass  vert  throafh 

■      *"  --   .     --.—  Btlmt' .--- .   .-- 

y  ton 

,  ._.^ ,  Jiihe^ 

r  Strength  of  Materials,  that  If  tlie  strain  along  a  post  or  column  does  not  pass  direct^ 
threogh  its  axis,  the  oolnmn  may  In  some  oasas  lose  two-thirds  of  iu  strength.    The  prinolple  or 


tbe  axis  of  tbe  post.  If  theload  at  tbe 

yiinst  the  poet    Indeed,  such  a  braee,  by  taming  away  the  dii 
tbe  post,  1 '-"-  -"-'-•-•-  -•- -»--  •— 

toond  under 


me  Is  partly  sunuined  by  a  single  oblique  brace  preating 

.    arning  away  the  dlreetion  of  the  strain  from  the  axlo 

tbe  post,  may  very  materially  diminish  ihe  power  of  the  latter  to  snstala  tbe  load ;  for  it  will  be 

'       -     "-    ogtbo*"'       *'  '      •  ■  "  " ^ 


ooarse  applies  to  foree  in  any  other  dtreetten.  as  well  aa  vert. 

A  resultant  may  be  greater  or  lens  than  either  one  of  its  two  oblique  components; 
bnt  it  can  never  be  greater,  or  even  quite  equal,  to  both  of  them :  on  the  plain  prin* 
ciple  that  any  two  sides  cS  a  triangle  are  greater  than  the  third  side.    If  the  com- 

K Dents  are  equal,  and  inclined  to  each  other  at  an  angle  of  120°,  the  resultant  will 
equal  to  one  of  them ;  therefore,  the  same  weight  that  would  break  a  single  vert 
rope,  or  post,  would  break  two  ropes  each  of  the  same  strength  as  the-single  one,  or 
two  posts,  inclined  12CP  to  each  other.  If  the  angle  a  a  6,  or  y  a  6,  whidi  either  of 
the  forces  form  with  the  diag  a  &,  exceeds  90°,  see  Rems  5,  of  pp  821, 827. 

Art.  S8.  The  principle  of  the  parallelogram  of  forces  is  of  constant  applica^ 
tion  in  constructions  of  every  kind ;  for  instance,  bridges,  centers,  roofs,  retaining^ 
walls,  Ac.  Figs  13, 14, 16, 10,  show  a  few  of  the  most  simpie  cases  of  force  (the  load 
w)  applied  to  produce  strain ;  by  reacting  against  opposing  forces  ya^oa,  presented 
by  the  widls.  In  all  these,  the  load  to,  applied  at  a,  is  a  single  force  offfiravity  ;  and 
consequently  acts  in  a  vert  direction  downward.  It  is  to  be  resolved  into  two  oom- 
iHtnent  forces  in  the  direction  a-m^an^  in  order  that  we  may  find  the  strains  which 
it  produces  (according  to  the  ordinary  phraseology)  along  the  pieces  a  m,  an^  so  that 
we  may  proportion  their  dimensions  to  resist  those  strains ;  which  strains  are  in 
fitct  produced  by  the  reactions  of  the  thm  forces,  of  the  lond,  and  the  two  walls.  To 
do  this,  in  all  the  figs,  from  a  draw  a  vert  line  a  6,  to  represent  tbe  direction  of  grav, 
or  of  the  force  in  the  load  w.  On  this  line,  lay  off  by  any  convenient  scale,  the  dist 
a 6  to  represent  the  ammmt  in  &>s,  tons,  Ac,  of  the  load  w.  Also,  fh>m  a  draw  the  two  * 
lines  am,  an,  in  the  directions  of  the  reqd  component  forces.  Then  complete  the 
parallel<^^m  of  forces,  by  drawing  lines  ho^  hy^  ftom  6,  respectively  parallel  to 
asi,  a  n.  Then  will  a  o,  measd  by  uie  same  scale  as  a  6,  give  the  amount  of  strain, 
whether  push  or  poll,  which  the  load  w  produces  along  the  piece  a  m ;  and  in  like 
nuinner  will  ay  give  the  amount  which  it  produces  along  the  pieoe  a  n. 

It  mast  be  eapeeially  home  in  mind,  that  we  here  speak  only  of  the  amounts  and  direottons  of  the 
■trsins  prodnoed  by  the  extmneous  load  w  alone ;  without  reference  to  thoM  produced  by  the  wHgbt 
•r  tbe  pleoes  themselves.  If  the  foroe  acting  at  a  is  not  vert,  but  oblique,  then  the  diroeUon  of  a  * 
■tst  or  coarse  be  dnwn  obHqse ;  bnt  if  the  foroe  at  a  U  gravity  or  wt.  it  miMt  be  vert. 
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CTanefon.    See  foot-note,  p  660, 

Fig  16*^  shows  that  the  strains  et,e8,  are  really  due  to  the  action  and  reactUm 
of  the  wt  and  the  waUs  ;  although  we  often  speak  of  them  as  due  to  the  load  {  aiont, 
wliich  is  represented  by  the  diag  e  t.  We  have  said  that  a  force  cannot  produce  SFtraia 
unless  there  is  o^MMiing  force  to  strain  against.  Now,  when  w«  place  the  force  of  the 
lo:td  I  at  the  point  e,  it  is  erident  that  it  is  upheld  by  the  walls  at  A  and  B;  or  hi 
other  words,  that  it  reacts  against  these  walls;  and  the  walls  against  it  The  wall  A 
furnishes  the  force  indicated  by  the  arrow  A ;  and  which  may  be  considered  as  the 
re.5ultant  of  the  hor  force  c;  and  of  the  vert  one  o.  So  also  the  force  B;  as  the  re- 
sultant of  m  and  ». 

Now  these  forces 
A  and  B  are  ap- 
plied at  the  point 
«,  just  as  well  as 
the  loMi  I  ia;  for 
they  paw  «p  as 
pushes,  along  the 
rafters ;  as  the 
force  of  {  passes  up 
as  a  pull,  along  the 
rope.  The  rafters 
«ud  rope  are  mere- 
^  the  mediums 
through  which  the 
three  forced  reach 

«;  and  the  forces  hi  passing  through  them  fh)m  end  to  end,  of  course  produce  in 
them  strains  respectively  proportionate  to  the  forces.  Now,  the  forces  e  t  and  <e  s, 
which  are  usually  saiid  to  be  produced  by  the  load,  are  nothing  more  or  leas  than  the 
two  forces  A  and  B,  produced  by  reaction  of  the  walls;  and  which,  for  convenience 
of  drawing  the  parallelogram  of  forces  in  practice,  are  laid  off  each  way  from  «.  We 
have  then  three  forces  <  e,  «  e,  and  «  »,  all  acting  at  e,  to  produoe  $tr€un  alone;  and 
this  they  must  do  by  straining  against  each  other. 

Tbe  roUowtag  U  tbe  maoner  ia  whiob  they  do  so.  Tbe  two  bor  oompoaonto  laaad  e,  (wbieb  will 
alwav*  be«(|aal  to  e»cb  other ;  no  mntt«r  bow  diffortat  tbeslopos  oT  Ibe  two  niCtera  majr  be,)  belosdia* 
■letrteallj  oppoeite  io  dlreotiea.  retiot  or  etna*  •c»ioM,  or  Wlsnoc.  eaoh  otber ;  tberebj  prodoolof 
a  bor  •tr»ia,  equal  Io  one  of  them,  threugboot  vrwj  p«H  of  meh  r»fkar.  Tbe  two  vorfc  oowponeato  o 
and  n,  (bowever  anequ*!  tbey  maj  be.)  wlU  fgthmr  be  equal  to  tbe  lead  i;  or  to  iu  repreeeatative 
•  < ;  and  baving  a  direotion  exacllj  opposed  te  tt.  tbej  reaet  against,  or  haUnca  it ;  ttkerebj  |»rodi»ciaf 
In  every  pari  of  tbe  rafter  0  «.  a  vert  strain  equal  to  a;  and  iu  tbe  rafter  «  (,  one  equal  to  o.  Tbere- 
fbre,  thiee  n,  is  here  greater  than  o,  tbe  rafter  e  •  benrs  more  of  the  load  I,  than  the  rafter  « t  ioes; 
and  in  tbe  tame  proportion. 

Thus,  we  lee  that  «verj  part  of  eaflh  of  tbe  three  foroM  «  4,  •  (,  <  «,  prodnoes  atrala,  by  baiaaolnc 
an  equal  part  of  one  of  the  others.  The  walls  really  oppose  to  tbe  load  no  foroe  greater  than  iu  own ; 
namely,  o  and  n,  against  «  <.  tnth  the  hor  componeau  m  and  0,  the  walls  react  only  a^ast  eaoh 
other. 

As  It  IsdlOoQlt.  however,  to  latrednee  a  new  pbraaeolagy,  In  place  ef  one  wbteh,  aMhoagli  etreas 
o«a.  is  in  universal  use,  we  also  shall  speak  oreomponentsilrains  lUceel.  ««,  at  if  they  ves«  really  pr» 
duoed  by  tbe  resultant,  or  lead,  «  i.  And  in  alloding  to  resultant  motion,  w^^all  {»rpbabiy  often  say 
they  are  the  effecu  of  eomponerUM,  Instead  of  etfeots  of  their  remaintUr;  after  tbe  oomponents  have 
partlaMy  dastroyed  eaiBh  other'*  moving  feros*  by  airalalag  against  each  other  to  prodooe  ebaage  of 
diroetioa. 

Rim  2.  The  truth  of  such  examples  as  Fig  14,  with  a  rope  or  stdng,  may  easily  be 
shown  by  means  oi  two  spring  hahtnoea.  to  which  the  ends  m  and  »  of  the  string  may 
be  fastened.  Suspend  a  weight  le  ftom  the  string,  and  the  balaaoes  will  show  the 
strains  along  a  m  and  a  n.    The  balaaoes  mmt  be  h^d  in  inclined  positions. 

The  stadent  should  try  all  sueh  experiments.  This  one  will  show  that  In  pmportton  as  the  two  parts 
a  M,  an,  of  the  rope,  ^preaoh  nesMr  to  one  straight  line,  the  greater  will  be  the  strain  prodneed 
apon  them  by  any  given  load,  or  fbree  w;  aad  so  great  will 
this  be,  that  if  the  weight  w  be  only  one  pound,  two  of  the 
strongest  men  oannot  strain  the  rope  perreoily  straight  be> 
tween  them.  Or  If  they  streteh  the  rope  alone  to  as  nearly 
a  straigbt  line  as  possible,  and  if  then  a  weight  of  a  fbw  Iba 
be  suspended  fmro  it,  this  smaU  weight  will  pull  the  m«a 
oloser  together.  Or  if  the  rope  be  stretobed  nearlv  straight 
between  the  two  spikes  so  flrmly  driven  as  to  require  a  great 
foroe  to  draw  them,  it  will  be  found  that  a  mnoh  smaller 
fnroe  applied  as  at  w,  will  draw  them  readily.  In  ather 
wenbi.  a  rope  so  situated,  and  with  foroe,  or  power  w,  appliod 
to  it  in  this  manner,  btwen  iu  •nd*,  and  oUiqtt*  to  «s  <U- 
reotUm,  becomes  a  mocMM;  for  by  it  power  m«y,  (to  net  ths 
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wdlBftry  Ineorreet  ezpre«sIon,)  fta  gained.   It Isealled  the  ftmlClllAr  BHiehill^  |  «r  • 


times  atniplj  tbe  COrd.  Pig  19^  sbowi  the  prinelple  od  which  thta  maehiae ia  frequeutly  cmploj^ad 
for  overeunung  a  great  reaistaaoe,  r ,  through  a  short  distance,  by  a  small  power  p.  t)ne  end  e,  of  a 
rope  c  d  r,  is  finuly  flzed.    The  rope  passes  orer  a  poUey  4 ;  aud  its  other  end  is  tied  to  the  resist- 


•ttoe,  or  load  r.     By  applying  a  small  downward  foroe  p,  at  the  center  of  the  rupe.  drawing  it  down 
1  r  is  thereby  nUsed  a  short  dbt ;  for  the  same  great  strain  which  the  small  foroe  t>  pro< 
dnoea  from  »to  d,  extends  also  down  the  rope,  from  d  to  r;  except  a  slight  Iom  produced  by  t 


firietion  of  the  pulley.  Thns.  the  strain  along  the  baek-sUys  of  a  suspension  bridge,  is  equal  to  that 
on  the  main  chains  just  insiae  of  the  suKpenHlon  piers;  supposing  the  cables  to  rest  upon  rollers.  In 
'"      '  '"       .--••■  i not  to  stretch ;  to 


the  theoretical  consideration  of  ropes  and  chains,  ttiey  are  in  moat  oasas  a 
ba  perfectly  flexible;  without  weight;  and  infinitely  thin. 

In  such  a  machine  the  two  parts  »  c,  $  d,  Pig  16^,  are  to  be  considered  as  two  entireir  dialioct  lies . 
in  the  same  manner  as  a  m  and  a  n.  Figs  13  and  K,  are  two  diHiiiiot  struts  Buch  of  tliese  ties  may 
have  to  sustain  a  diffcrent  amount  of  strain,  depending  on  their  respective  inclioattons  to  a  j».  Thus 
if  the  load  p.  Pig  16^,  he  suspended  from  a  perfectly  frictionless  puller  or  slip  knot  resting  on  the 
perfectly  flexible  cord  eedr,  and  if  this  pulley  or  knot  be  at  first  plaeed  near  e  or  d,  it,  with  lu  load  p 
will  descend  by  grarity  along  the  cord  until  it  comes  to  r«>«t  at  a.  which  i!<  the  |nw<>8t  point  thst  tbe 
cord  admits  of  its  attaining  and  at  which  alone  the  ABl^es  af  la«lf aattoa  ^  •  e  Ml4  •  4  t*  • 
p  b««9HBe  e««alt  and  the  strains  on  the  two  paru  aid  tbeu  im*  equal.  Btii  if  hs  iu  Kig  14  tbe 
short  stnng  wkieb  sustains  W  is  tied  fhst  to  the  cord  (so  as  not  to  nova  as  the  pnOMr  did)  at  any 
point  a,  such  that  the  angles  of  inclination  of  a  m  and  a  n  to  Ibe  diagonal  ab  shall  be  diflerent,  then 
the  strains  nr  pnlls  along  <t  m  and  a  n  will  alio  be  different. 

It  Is  faBMSterUtl  wketker  m  mmd  a,  Ftjc  14,  er  e  «b4  d,  Flc  16K«  »re  at  th«  Mm« 
■elsBt  or  n«t. 

For  ■tore  vm  the  flmlevlmr  autoldBe  see  n  t44. 


at  P ;.  aud  bent  out  of  line  at  c  by  a  fixed  pin.  Idake  e  g  and  c  «  by  seal 
at »;  and  oumplate  the  parallelegrain  ;  the  diagonal  ex  of  which  is  then  fo< 
ant  of  tf  tons.  Now,  in  this  case,  theoreticallT  Uie  strain  length  wise  of  the 


ake  e  g  and  e  «  by  scale  each  equal  to  tbe  power  9 

lal  c  X  of  which  is  then  found  to  be.  say  • ;  or  a  result* 

rope  is  evei^wbere  equal  ta 


Let  the  end  g  ct  the  rope  p  e  o  n  be  fixed ;  a  powar  off  tons  at  n ;  the  rope  passing  orer  a  pullmr 

» J  ..-_.  ....  --  ..^.  _.     ^^  -  -_-^  ^._      Mfckecy  and  coby  scale  each  equal  to  ttiepowerB 

■aresi  ' 

_, .  -   -      .  re^ywhere  equa    . 

the  power  n,or9  tons ;  and  wa  have  found  that  it  produces  alsoa  strain  eac,  against  the  pin  at  e,  of  6 

tons.     It  also  produces  a  pushing  strain  on 

the  polley  P.  lu  amount  may  be  found  in  tbe 

same  way,  by  meawuring  9  tons  by  scale  each 

way  from  «  toward  c  and  n;  completing  the 

panUlelogran ;  and  measoring  iu  diagonal 

resultant.    But  now  let  us  nse  this  rope  as  a 

fnniciilar  machine ;  and  apply  a  powar  x  e  of 

fi  tons  at  e.  We  find  that  this  6  tons  produces 

a  strain  e  jr  or  c o, of  9  tons  along  the  rope; 

and  this  strain  along  CO  will  pass  along  to  «;' 

and  thus  the  powar  of  6  balances  a  resist 

of  9  tons  acting  at  n  in  the  direotiou  n  o. 

The  diagonal  c  x  or  any  other  will  plainly  be  vertica]  only  when  the  angles  of 
Inclination  ofca  and  c  o,  with  the  horizon  are  equaL  If  they  differ,  both  the  di- 
rection and  the  length  of  the  diagonal  will  change. 

All  will  remain  the  same  if  the  end  g  instead  of  being  fixed,  is  passed  over  a 
pulley  as  at  P,  and  a  load  or  a  pull  equal  to  that  at  the  other  end  is  applied  to  it. 

Bern.  8.  Thesarrae«fl  of  con  taet  of  pieces  used  in  construction,  are  called 
Jttintii.  When  a  piece  is  intended  to  resist  compression,  or  push,  it  is  called  a 
Mirat;  or  if  inclined,  it  is  often  called  a  braee;  or  if  vertical,  a  post,  pillar, 
or  col n rain.  When  to  resist  tension  or  pull,  a  tie.  When  to  resist  both  tension 
and  pull  alternately,  a  tle«»irat«  or  a  sf  rat*Ue.  A  strut  should  be  stiff  or 
inflexible ;  bat  a  rope,  chain,  or  thin  rod,  may  answer  for  a  tie. 

BxM  4.  To  dlatlRffalsli  a  tie  from  a  strat  at  a  glance  is  sometimes 
difficult;  bnt  it  may  be  done  thus.  From  the  point  a.  Figs  18^,  at  which  the  force 
acts,  draw  a  line  a  c,  in  the  direction  in  which  the  force,  if  at  liberty,  wonld  move 
•way  from  that  point.  Ou  any  part, 
2  o,  of  that  line  as  a  diag,  draw  a  i^ral- 
lelogram  of  forces.  Through  the  point 
a  draw  a  line  i  t,  parallel  to  the  other 
diag  1 1.  Then  all  the  pieces  which 
are  on  tbe  same  side  of  that  line,  that 
a  c  is,  are  stmts ;  while  those  on  the 
opposite  side,  are  ties.  We  may  ul«o 
frequently  determine,  by  imagining 
the  piece  to  be  a  rope  or  chain,  in- 
stead of  a  beam ;  and  seeing  whether  it  would  then  bear  the  strain.  If  it  would  it  Ib 
a  tie ;  if  not,  a  strut. 

Wheo  a  piece  of  material  is  uaed  ta  restit  forces  which  tend  to  bend  or  break  It  crosswise,  or  trans- 
rerssly  of  iu  length,  as  in  Pigs  4T.  46.  49.  50,  it  is  called  a  beam;  such  as  joists,  girders,  *o.  The 
asme  piece,  bowerer,  frequently  anU  at  once,  as  a  beam,  and  as  a  tie,  Ac.  Its  own  weight  strainc  a 
besm  transrersely ;  but  in  our  present  Illustrations  of  eonip  and  res  of  forces,  this  strain,  although 
frequently  the  most  important  one,  could  not  be  weU  considered  at  the  same  time. 


y  Google 


326 


FORCE  IN  BIGID  BODIKB. 


Art»  S4.  SiBoe  any  single  force  may  be  resolved  into  two  oblique  ones  In  the 
same  plane  with  it,  aud  which  shall  produce  the  samo  effect  upon  a  rigid  body  con- 
sidered as  a  whole,  it  follows  that  the  single  strain  along  any  piece  amoran^ot  the 
four  figs  on  p  828,  may  be  thus  resolved.  In  practice,  it  is  frequently  necessary  to  do 
this ;  aud  especially  so  for  finding  components  at  right  angles  to  each  other,  in  bor 
and  vert  directions. 

For  instonoe.  tb«  joint  o  d.  Pig  IT,  at  the  foot  of  the  Utaa  A.  if  mad* 
•t  right  angks  to  the  resultant  r  r  of  all  the  pressure*  along  the  beam, 
of  course  receircs  the  whole  of  these  pressures;  which  consequently  arc 
all  imparted  to  the  abutment ;  learing  no  portion  uuresistcd,  so  a*  to  pre 
duoe  sliding:  or  even  a  tendency  to  slide  along  the  Joint  o  d.  Conse- 
quently, this  joint  is  perfectly  adapted  to  iu  doty.  But  a  joint 
of  the  form  of  i  <  e,  which  is  equally  eCrective,  is  sometimes  reqd  for  re- 
ceiving a  single  strain  (like  that  along  A)  along  a  piece  E :  and  in  order 
to  properly  proportion  the  vert  and  hor  faces  b  i.  and  e  <.  of  the  joint,  we 
mnst  find  the  proportion  existing  between  the  vert,  and  the  hor  oompo- 
nente  equal  to  the  single  strain  r  r  along  E.  To  do  this  is  very  easy ;  for 
we  have  only  to  lay  off  by  ecale,  any  length  e  n  alouR  r  r,  to  represent 
ilM  single  strain  in  that  direction;  and  on  it  as  a  diag,  fkt>m  •  and  m 
draw  vert  and  bor  lines  »t,nt,  meeting  in  (.  Then  a  t  measured  by  the 
same  scale,  will  give  the  vert  strain ;  while  n  t  will  give  the  hor  one.  Tbe 
parts  6  <,  f  e  of  the  joint,  mnst  consequently  have  the  same  proportion  aa 
these  two  components  have  to  each  other ;  bearing  in  mind,  nowcTor,  that 
linoe  Joints  should  be  at  right  angles  to  the  force*  they  have  to  unstafn, 
bear  Um  hor  strain;  and  the  hor  part  i  e,  tlie 

in>ea,  by  Art  83.  we  are  flndins.  by 
means  of  the  parallelogram  of  forees 
onyg.  Fig  18,  tbe  total  strains  on.mg, 
whieh  an  extraneous  load  V  prodnecs 
along  two  beams.  FB.  Fg,  itl«  easy  at  Um 
■ame  time  to  find  the  vert  and  bAT  oofnp»- 
nents  also :  by  drawing  the  two  bor  Hnee 


n  t,  gj,  and  measuring  them  by  tbe  saVM 
■oale  used  for  the  diag  oy.    Likewise 


measure  o  (,  and  oj,  far  the  oorrespoikd- 
Ing  vert  forces  at  the  Joints;  beeansa 
when  n  t  and  g)  may  be  drawn  in*id» 
of  the  parallelogram,  (which  Is  not 
always  tbe  ease;  ae  see  Fig  18H)  the 
oomponent  foreei  In  the  direetlon  of  any 
diag,  whether  vert  or  not.  are  measured 
respectively  from  the  p«Ii»t  o,  where  the 

extraneeosfbroeF  is  imparted  to  the  beami;  to  those  poinu  t  and /,  where  the  dia«  is  met  by  tbe 

equal  lines  n  t,  gj. 
Rex.  1.    It  is  an  important  fact  that  however  diff  may  be  oither  the  ipclinations, 

or  the  lengths  of  the  two  beams;  or  how  diff  the  total  strains  in  the  directions  of 

thbir  respective  lengths ;  the  hor  strains,  caused  both  by  the  extraneous  loNd'and 

by  the  weights  of  the  beams  themselves,  will  always  be  equal  on  both  of  thom. 

Thus,  in  Vie  18,  n  /  is  equal  to  ffj]  and  in  Figs  13  to  10,  if  hor  lines  be  drawn  from  o 

and  y,  to  a  6,  those  in  any  one  ng  will  be  equal  to  each  other. 

Rnc.  2.  It  is  plain  that  each  beam  may  be  considered  as  receiving  from  the  load 
F,  either  one  foree  or  lis  two  components. 

The  vert  eomponent  oj,  of  the  triangle  e  gJ,  being  longer  than  o  f,  of  the  triangle  etn.  shows  that 
the  l>eam  o  g  bears  more  of  tbe  vert  force  or  weight  of  tbe  load  F.  than  o  B  doe* ;  and  In  the  same 
proportion  as  o^  is  to  o  1.  The  two  component*  on  the  diaaenal.  (when  inside  of  tbe  paralMosram.) 
will  alwajs  toother  equal  the  length  of  the  diag,  or  the  weight  F.    But  as  »  (  and  gJ  are  of  the  samt 


lengths,  tbey  iadicate  that  both  beams  are  pressed  aidewaya,  or  Aor,  to  tbe  same  extent. 

When  we  come  to  treat  on  trusses,  we  shall  find  this  method  of  obtaining  vert  components,  by 
means  of  o<  and  oJ,  very  naerm.    The  lengths  of  the  beams  oR,  og,  do  not  affeet  tho  amount  of 


iitralns  produced  upon  them  by  the  load  V  at  their  summits ;  but  aa  their  own  wts  mnst  inereaso  with 
their  lengths,  the  strains  arising  from  them  must  increase  also ;  but  we  have  not  yet  taken  their  own 
wu  into  oonsideration ;  neither  ore  we  yet  prepared  to  do  ao. 

Rnr.  a  If,  as  in  Fig  18i^,  one  of  the  beams,  as  n  o,  is 
hor,  it  is  plain  that  alfof  the  diag  oy,  that  is,  all  of  tlie 
weight  F  or  W,  is  borne  by  the  other  beam  off ;  and  n  o 
sustains  hor  strain  only.  The  beam  off  of  course  bears 
an  equal  hor  strain  also,  as  shown  by  y  ^,  equal  to  n  o. 

Rbm.  4.  It  is  immaterial  (Art  18)  whether  the  load 
rests  on  top,  as  F ;  or  is  suspended  below,  as  W ;  for  In 
either  case  it  is  simply  vert  force  imparted  at  o. 
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Snc.  S.  Whoi  one  of  the  forces,  as 
n  o,  makes  an  angle  n  o  y,  greater  than 
9(P,  with  the  diag  o  y,  the  positions  of 
the  beams  o  n,  oflr,  become  as  In  Fig  18J^ 
and  we  have  a  case  like  Fig  9^ ;  that  is, 
the  hor  lines  nb^ga^  from  the  angles  n 
and  fff  and  at  right  angles  to  the  diag, 
cannot  be  drawn  iniide  of  the  parallelo- 
gram. Therefore  we  must  extend  the 
diag  both  ways,  to  a  and  b.  If  we  wish 
to  consider  each  of  the  forces  on  and  og 
as  made  np  of  two  components;  then 
for  those  of  o  n,  Are  have  b  n,  and  o  b ; 
uid  for  those  on  op,  we  have  ag  and 
0  a.  Hence  when  the  angle  no  a  ex- 
ceeds 90.  the  Tert  nirAln  on  o  ^r  la  iri^wter  than  the  loiMl  tr, 

whieh  (aiseordlDs  to  Ui«  ordinary  phrueologj)  prodnoM  it.  But  Um  part  a  y  of  th«  vert  o  «,  hu 
Ao  refereooe  to  tbe  load ;  bat  npreteata  an  upward  Tart  foroe  produoM  bj  the  waU  M.  to  balance  a 
downward  reri  one  equal  to  &  o  from  the  wa)l  P.  ThU  ezeesa  ay  over  the  diag,  oeoura  only  when 
one  of  the  beam*  forms  an  angle  greater  than  90°  with  the  diag.  We  call  the  attention  of  the  stadeAt 
to  thle  case,  becaase  we  do  not  remember  to  have  mt:t  wUh  it  iu  any  book.  It  will  perhapa  be  a  new 
Idea  to  many,  thai  the  Tert  pres  on  the  wall  M,  can  be  greater  than  the  entire  load. 

Art.  85.  As  a  simple  practical  example  of  Tery  common  occnrrenoe,  of  the  ap- 
plication of  the  foregoing  principle  of  finding  the  resnitunt  of  two  forces  in  the  same 
piano,  and  tending  to  one  point ;  let  S,  Fig  19,  represent  a  Mock  of  stone  weighing 
8  tons ;  and  standing  on  a  hor  base  m  n ;  bnt  not  attached  to  it  in  any  way  by  ce- 
ment, Ac,  bnt  with  a  stop  at  n,  merely  to  prevent  sliding  toward  6. 

In  this  ease  there  will  be  no  force  aoting  upon  the  body  in  aoeh 
a  "maj  aa  to  prevent  iu  being  oTertnmed  around  its  toe  n  at  a 
taming  point,  except  its  wt,  or  foroe  of  gravity,  whicB  always 
acta  vert  Aowavard.  By  Arts  66,  5T,  all  thia  force  maybe  ooo- 
sidered  to  be  omaoeatrMed  at  the  oen  of  graT  i  ef  the  stone ;  and 
as  acting  at  any  point  whatever  in  its  Tert  line  of  direedon  Ig. 

Kow  anppoee  a  prea  /A,  of  2  tons,  (which  mar  be  either  one 
simple  force,  or  the  resultant  of  tdany  fbroes.)  to  oe  imparted  to 


the  stoiM,  la  the  mdm  plane  with  the  foroe  of  grarlty 
vtllerldeaUy  be  only  ff  its  direction  /« '"    ''■ 


^  .  which  It 
its  the  direction  ef 


gravity  Ig,  at  some  point;  as,  far  Ipstanee,  at  o;  because  then  a 

plane  sarfaoe  wooM  ooinddo  with  both  direetlons.  TIm 

fUMtion  is,  whieh  of  these  two  forties  will  prevail ;  the  two  tons 

sf /*,  to  •verinm  the  stone ;  or  the  S  tons  of  gravltv  to  prevent 

its  being  •vertnmed  t    By  Art  V.  both  ferees  may  be  eonsidered 

to  be  imparted  to  the  rigid  stone,  at  th«  point  m,  where  their  linee 

ofdireotioo  meet;  and  we  maj  make  «  e  equal  to  2  locheM,  ft,  4«. 

torepreaent  the  amount  and  the  direction  of  the  3  tons  of  pres  of  the 

fwee/A:  and  «  v,  by  the  same  stele,  fbr  the  direction,  and  S  tons 

•r  pree  of  the  weight  of  the  stone.    From  o  draw  a  line  e  d  paral- 

Mtnav;  aadfrom  « draw  erf  parallel  te  ae;  these  wlUmeetat 

i;  thus  oompleting  ihe  parallelogram  of  foroes  aedv.    The  diag 

«dof  this  parallelogram,  measd  by  the  same  scale,  will  give  aibout  tH  tons  for  the  single  resnHaat 

fcrae.  whieh  w#ald  ^  Maelf  vmtam  vpan  th«  ri#d  stone  the  same  effect  as  gravity  and  /keom> 

hiaed.    This  foroe  may  be  oooeldertfd  ae  imparted  to  the  stone  at  any  point  in  the  line  of 

itsdireetlon  (i»o)  through  the  «tone  ;  as  a  puth  at  w»  as  ahown  by  the  arrow  aw;  or  as  ajw<l  at  e, 

bj  ateaos  of  a  npe  ft  e.  nistened  to  the  stone  at  o.    Bince  this  resultant  is  snppoaed  to  taJU  tkeptaet 

wth  of  gravity  and  of /it,  Vbe  two  last  mtmt  of  eonrse  be  oonsldered  as  annihilated ;  so  that  the  stone 

bseomea  aa  It  were  ao  smresistfiitf  bodg  t^  maitter  wttkout  tveigkt;  and  acted  upon  by  the  foroe  ad^ 

or  aw,  whkh  maetof  oaorae  move  It,  aad  thaa  oempal  it  to  overturn  around  a  as  a  pivot. 

Rev.  1.  Had  the  direction  of  the  resultant  a  d  struck  the  base  of  the  stone  at  n, 
instead  of  striking  ouUide  of  the  base  as  at  5,  the  stone  would  barely  have  stood ; 
beoKose  then  the  resultant,  on  leaving  the  body  at  n,  would  have  encountered  the 
resisting  force  of  the  .ground  on  which  the  stone  stood,  acting  upon  the  body  at  that 
point.  Ilad  the  direction  struck  within  n,  that  is,  between  n  and  m,  the  stcme  would 
stand  still  more  firmly;  and  the  more  firmly  iu  proportion  as 

it  strikes  nearer  g,  where  the  direction  Ig  of  the  gravity  of  the  stone  meets  the  base. 
The  direction  of  a  resultant  may  strike  within  the  base ;  and  the  body  remain  firm, 
so  far  as  regards  overturning;  but  yet  may  glide.    See  Art  63 ;  very  important. 

This  example  shows  alee  the  neoesstty  for  assnmlng  at  times  that  bodies  are  rigid,  or  unbreakable. 
For  in  the  ease  of  stone*  of  but  little  strength,  the  application  of  the  great  force  of  the  resultant  so 
BOW  to  n,  would  break  the  body  at  that  point;  and  Might,  besidefl,  mash  n  Into  the  yielding  earth  on 
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wbloh  It  stood.    A  knowledge  of  the  direction  of  the  reinltanta  of  foreen  acting  on  bridge  a 

reutloiog- walls,  Ac,  ia  therefore  of  aae  also  by  enabling  us  to  guard  against  soeb  aoeidenta.  by  aeleei- 
log  the  strongest  stones  for  the  most  strained  parts  of  the  structure ;  as  well  as  by  adopting  extra 
preoautions  in  preparing  those  portions  of  the  earth  foundations,  upon  which  those  parts  rest. 

It  must  be  remembered,  howerer,  in  such  cases  as  the  foregoing,  that  with  the  exception  of  the  point 
o,  at  which  the  resultant  leaoet  the  body,  ail  is  not  the  direction  which  the  resultant  ttetwMji  follow 
in  the  body  ;  but  is  one  which  we  may  assume  it  to  have,  so  long  only  as  we  assume  the  body  to  be 
pracd'caUy  rigid :  that  is,  that  it  cannot  be  in  any  way  broken,  bent,  or  have  its  form  changed,  by 
the  forces  actuaUu  imparted.  Frequently  we  cannot  safely  assume  a  mass  of  masonry  to  be  tbua 
rigid ;  for  it  may  be  composed  of  many  separate  pieces  mereljr  placed  in  bontact  with  each  other 
without  mortar,  as  in  dry  masonry ;  or  even  if  mortar  or  cement  be  used  to  unite  these  pieces,  it  may 
not  have  time  to  set  or  harden  properly,  before  the  deranging  forces  are  brought  to  bear  upon  it.  Ir 
that  case,  although  the  resultant  might  fall  entirely  within  tlie  body,  and  within  the  base,  thus  de- 
noting perfect  security  to  a  rigid  body ;  jet  the  structure  might  be  completely  destroyed  by  fche 
sliding  or  other  derangement  of  it*  part*  among  one  another,  under  a  force  much  less  than  would  be 
required  to  overturn  it.  On  this  account,  if  we' wi.ih  to  obtain  security  at  the  least  expense,  we  must 
frequently  trace  the  actual  curved  direction  of  the  resultant  through  its  entire  course';  so  that  we 
may  at  every  point  of  it  plaoe  the  joinu  of  our  masonry  at  right  angles  to  it,  or  wdopt 

other  precautions  to  prevent  the  paru  of  the  structure  from  separating.    See  Art  7S. 

RcM.  2.  If  in  Fig  lit  we  suppose  strong  mortar  or  cement  to  exist  between  the  baae  of  the  atone 
and  a  rigid  foundation  of  masonry  or  reel,  upon  which  we  may  assume  it  to  stand,  then  it  may  not 
be  overthrown,  although  the  direction  of  the  resultant  a  d  falls  ouuide  of  the  base  m  n.  For  then  a 
third  force,  namely,  the  cohesive  strength  of  the  mortar,  is  brought  to  act  upon  the  stone ;  and  the 
resultant  of  eUl  three /breet  may  fall  within  the  base.  In  all  cases  where  a  body  remains  at  rest,  not- 
withstanding that  the  resultant  of  the  forces  falls  oatside  of  its  base,  (whether  the  base  lie  hor,  vert, 
or  inclined.)  we  may  be  certain  that  it  Is  becauM  some  other  force,  which  we  have  negleoted,  is  aotli^{ 
upon  it  at  the  same  time ;  for  when  the  direction  of  all  the  forces  passes  beyond  its  base,  and  is  eon- 
seqaently  faree  unretisted,  the  body  must  move.  See  Rem,  Art  C5 ;  alee  see  Art  73.  When  ene  body 
is  thus  eeniented  to  another,  tlie  two  become  in  fact  ors  body,  so  long  as  the  oenient  does  not  give 
way  under  the  Imparted  forces :  so  that  a  problem  which  is  one  in  Static:  if  there  is  no  cement,  may 
liccnme  one  in  Strennth  of  Materials,  when  there  is  cement.  The  cement  takes  the  plaoe  of  natural 
eobesive  force  between  the  bodies  which  it  unitea. 

Art.  86.  When  tbe  n amber  •f 
foreea  in  tbe  sitnie  plane,  wbetber 
ten<iliB||r  to  or  from  ibe  same  point 
or  not,  18  greater  tlutn  two,  their  result- 
ant may  be  found  In  tbe  manner 
already  n^iv^n  for  two.  Thus,  with  the 
tlii-ee  forces  &a,  ca,  o<l  Fig  19^,  first  find  the 
resultant  of  any  two  of  them ;  as,  for  instanoe, 
the  resultant  n  a,  of  o  a,  and  e  a.  Then  consider 
oa  and  ca  as  removed  and  na  as  taking  their 
place ;  and  then  find  the  resultant  m  a,  of  n  a  and 
ab;  then  is  ma  the  single  resultant  that  will 
produce  upon  the  rigid  body  W,  the  same  effect 
as  the  three  forces  oa,  ea,  fro.  If  the  three 
forces  are  imparted  at  diff  parts  of  the  body,  proceed  as  in  Figs  1(^  and  10l{.  If 
the  number  of  forces  be  greater  than  3,  the  process  is  precisely  the  sanie;  find  1st 
the  resnltiuit  of  two  of  them ;  then  the  resultant  of  the  1st  resultant  and  8d  force; 
then  the  resultant  of  the  2d  resultant  and  4th  force ;  and  so  on  to  the  end. 

Fi|r  1»M  llinBtrates  a  emw  in 
wbleh  three  foreen  a,  b,  and  e.  In 
tbe  same  plane,  do  NOT  tend  to- 
war<iB  the  same  point.  A^e  may  be- 
gin with  any  two  of  the  forces  at  pleaanre.  We 
will  take  b  and  c;  and.  as  at  Fig  1<H^, 
prolong  them  backwards  to  h^  and  find  their 
resultant  hi.  Then  prolonging  hi,  and  the 
third  force  a  to  meet  at  n,  we  lay  off  from  n 
two  sides  of  the  parallelogram  equal  respee- 
tiwely  to  a  and  to  A  t,  and  complete  the  pairal- 
lelogram  no.    Then  the  diagonal  o  »  is  the  r»> 

3uired  resultant,  to  be  applied  to  the  body 
at  e,  as  shown  by  »f..  This  resultant  wunld 
then  by  itself  produce  upon  the  rigid  body 
considered  as  a  whole,  the  same  effect  as  would 
tbe  three  forces  a.  6,  e.  Or  if  its  direction  were 
inverted,  so  as  to  puU^  instead  of  pUMh  at  «,  it 
would  become  an  antiresultant  to  the  three 
forces,  and  thus  hold  them  in  equilibrium. 
The  same  process  applies  to  any  number  of 
•n  forces. 
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Art.  S7.  It  sometimes  happens,  after  having 
found  the  resoltadt  of  all  the  furces  except  the  last 
one,  that  said  rusultunt  and  remaining  force  are  in 
the  name  straight  line.  Thus,  with  the  forces  «,  r,  w, 
Fig  20;  the  resultant  r  of  u  and  w,  is  in  the  same 
straight  line  with  the  last  remaining  force  v;  and  of 
course  no  parallelogram  of  forces  can  be  drawn  which 
shall  have  v  and  r  for  two  of  its  sides.  When  this 
happens,  if  v  and  r  are  of  diff  lengths,  we  have  the 
case  given  in  Art  16,  of  two  unequal  forces  meeting 
in  the  same  straight  line ;  but  in  opposite  directions 
along  it.  Consequently,  the  small  one,  and  an  equal  part  of  the  Urge  one,  motualljr 
destroy  each  other;  and  the  reoutinder  of  the  large  one  is  tbu  resultant  of  the  two. 

Bui  ifv  mad  r  are  of  the  smm  leoftk.  tkea  we  kav*  th«  om*  af  two  •qasl  •Morfaf  foroM,  wbleh 
matiiallj  deittrey  Mush  otker  entirely ;  and  the  bodj  remaltu  at  rest.  Coiucqoctttlj,  Mttn  U  no  rttalt* 
ant  in  this  ease;  for  no  single  forotoan  hare  the  elbot  of  fce^piac  a  bodj  at  net;  hat  win  alwa#a 
■wva  it.    la  elbar  words  m,  v,  aad  w,  aie  tbm la  wismhilasi 


Thm  ytyg>M  «ir  f»ve«s.  The  resultant  of  any  number  of 
1bro«e  in  Ute  sane  plane;  mav  be  ibuid  by  means  of  the  polygon  of  forcea, 
thus:  Let  a,  6,  and  e,  be  three 
mch  foroes;  whoM  resultant  R  Is  to 
be  found.  Begin  with  any  one  of 
them,  as  «« aud  draw  a',  paraUeL  and 
1  to  it ;  and  place  an  arrow-head 


^21 


at  the  proper  Md  of  it,  to  abow  it« 
direction.  From  this  arrow^iead, 
^aw  I/,  equal  and  parallel  to  b; 
plaeiag  an  arrow-beHd  at  Its  end. 
From  tills  second  arrow-head,  draw 
c',  equal  and  parallel  to  c;  and  so  on 
with  any  number  of  forces ;  taken  in  any  order.  Finally,  fh>m  the  arrow-bead  d  of 
the  last  of  the  forces,  draw  a  line  A  to  the  bntt-end,  n,  of  the  first  one ;  thus  closing 
the  figure;  and  place  an  arrow-head  as  on  the  others.  Now,  this  dosing  line  A,  or 
dn,  with  Its  arrow,  represents  both  in  quantity  and  direction  the  aotlresnltant  of 
the  three  given  forces;  or  if  its  arrow  be  reversed,  it  will  represent  their  resultant. 
Oonseqofently,  we  have  only  to  draw  from  o  a  line,  o  R,  parallel  to  A ;  and  to  make 
R  equal  to  A;  but  pointing  la  the  opposite  direction.  Then  Is  R  the  xesnitant. 
Tlita  proeem  will  ffiT«  dlfl^rent  flffaros*  according  to  which  force 
we  begin  with;  or  whether  we  take  the  forces  in  right,  or  left-hand  order;  still,  A 
will  always  come  out  the  same  in  all  of  them.    If  the  three  given  foroes  (or  any 

rater  number,  as  tlie  ease  may  be)  had  been  in  equilibrium  with  each  other,  that 
had  mutually  dtdroyed  each  other's  tendency  to  cause  motion,  they  of  course 
eould  have  no  resultant,  or  single  force  that  would  produce  an  eqoal  effect ;  because 
a  single  force,  if  the  only  one  acting  on  a  body,  must  produce  motion.  When  this 
Is  the  ease  the  foroes  will  of  themselves  form  a  closed  polygon.  In  either  case  some 
•f  the  lines  may  cross  each  other  as  do  a'  and  o'  at  A,  or  no^  asat  M  below.  If  tbe 
ferees  do  not  all  act  tbronffh  tlie  same  point,  see  Art  40,  p  a 

When  any  number  of  forces  are  in  equilibrium, 
any  one  of  them  is  the  anti-resultant  of  all  the 
lest,  beoauee  it  keeps  them  all  In  equilibrium; 
Also,  any  number  of  the  forces  balance  all  the 
rest. 


1K22 


If  any  number  of  forces,  as  o' ft' c' 5' Fig  22,  ^^^..g^-^^'^^^S^ 
(whether  they  act  througli  one  point,  as  *,  or  ^^  "pj  •^ 
not)  are  iu  equilibrium;  and  If  we  know  the   ^  >^ 

(Urectums  of  au  of  them,  and  the  amounU  of  all 
but  two;  then  the  polygon  N  will  give  us  the 
amounU  of  those  two.  Suppose  we  know  the 
amounts  of  at  and  V  and  require  those  of  &  and 
d'.  First  draw  by  scale  the  known  onea  a  and 
6  (see  polygon  N)  parallel  to  their  actual  direc- 
tions, and  then  complete  the  polygon  with  lines  c and d,  respectively  parallel  toe* 
and  a'.  Then  the  lengths  of  e  and  d  will  give  the  amounts  of  c'  and  d'  respectively. 

Any  diagonal  aeroos  a  pol  jvon  of  tareem^  represents  the  residtant 
of  all  the  foroes  on  either  side  of  it 

If  tlie  ft»rc€»a  are  not  all  in  one  plane,  the  polygon  is  not  in  one 
plane,  and  cannot  be  drawn  on  a  flat  surface,  but  is  twisted,  or  *'ffaaelie,"  as  is 
9e(y,Fig36,p333. 
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IM  forees  balanoe  each  other,  that  therefore  tbn  ^fMyt*  f%t 
I  body  might  move  uoder  the  Influeuoe  of  other  roroea.  ThiM» 
to  be  the  balancing  forces  of  several  persons  holding  a  body 
at  speed.  Their  foroes  prevent  e«c*  otA^frem  giviag  nwtfam 
m  force  of  the  englae  from  doing  so.  It  is  only  when  atf  the 
twa  weight,  are  in  equilibrium,  that  the  lody  iUe{i  is  also  at 
vert  between  our  tiinmb  and  foreflnger;  the  opposite  and 
;r,  hold  each  other  In  equilibrinm,  so  that  they  eannot  m«ve 
the  friction  between  them  and  the  book,  holds  the  gravity  or 
t  it  does  not  fall.  So  that  so  far  as  these  forces  are  coacernedf 
>ut  we  oaa  move  it  vertically  up  and  down,  by  introdaciog 
stretching  out  our  arm ;  or  by  walking;  none  of  which  will 
er  forces ;  they  only  prevent  eocA  otJtsr  from  prodneing  any 

Rem.  2.  A  triangle  being  a  polygon  of  3  sides,  if  any  3  forces  which  form  a  trianglo, 
be  applied  in  one  plane,  to  a  body,  and  in  directions  parallel  to  the  sides  of  the  tri- 
angle ;  and  tending  either  to  or  from  one  point ;  they  will  hold  each  other  in  equili^ 
brium.  And,  vice  versa,  when  we  see  a  body  kept  at  rest  solely  by  the  action  of  3 
forces  which  are  not  parallel  to  each  other,  we  may  be  sure  that  those  forces  are  pro- 
portional to  the  sides  of  a  triangle  drawn  parallel  to  them ;  that  they  are  in  one 
plane;  that  they  all  tend  either  to  or  from  one  point;  and  that  any  one  of  them 
acts  in  the  direction  of  an  antiresultant  to  the  other  two.  Moreover,  each  of  the 
forces  is  proportionate  to  the  sine  of  the  angle  included  between  the  other  two;  bo 
that  if  we  know  one  of  the  forces,  we  can  readily  And  the  others  if  we  have  the 
angles.  This  Is  very  often  of  use  in  practice;  as  in  finding  bv  calcnlation  alone,  the 
line  of  pressures  through  an  arch ;  the  pres  of  earth  against  retainrag-walls,  Ac.  It 
must  be  remembered  that  the  wt  of  a  body  usually  constitutes  one  of  the  foroes  to 
be  considered  as  acting  upon  it.    This  rem  is  very  important. 

Kx.  1.  Let  a  e,  Fig  22^,  be  a  beam ;  its  foot  resfe> 
Ing  on  o  { ;  and  its  bead  e  merely  Umning-affahut  a 
smooth  vert  wall ;  and  whether  a  e  be  ontoaded  ;  or 
whether  it  supports  a  load  placed  in  any  uaAaer 
upon  it,  or  suspended  from  It;  let  the  vert  line 
which  passes  through  the  cen  of  grar  of  the  beam 
and  iu  load  (both  of  which  are  supposed  to  be 
known)  be  represented  by  pgr.  The  beam  and  tta 
load  may  be  regarded  as  a  single  body,  acted  upon, 
and  kept  at  rest,  by  three  forces ;  namely,  lu  own 
gravity  or  wt ;  the  force  h,  at  e ;  and  the  force  /,  at 
a.  No  other  forces  act  on  It.  How,  gravity  aets  v«rt 
only ;  and  in  the  ease  before  us  it  may  sill  be  r»- 


R^22i 


whieh  the  extra- 


r  aets  v«rt 
.'  all  be  re- 
garded as  acting  in  the  line  p  p.   The  foroe  at  c  eaa 
act  only  at  right  angles  to  the  surf  or  joint  ml  tbot 
place,  .  and  since  the  Joint  Is  vert,  the 

force  \  must  be  hor,  or  along  *  p.  The  qoesttoB 
now  is,  how  to  find  the  direction  of  the  third  force  A 
To  do  this  we  must  «vall  oarselvee  of  the  |»1iMipM 
that  when  three  foroes,  not  parallel  to  ea^h  other, 
hold  a  body  at  rest,  or  in  equilibrium,  as  theM 
three  forees  hold  the  beam  a  e,  their  directions  all  tend  to  or  from  one  point;  which  is  either  at  tlM 
cen  of  grav  of  the  body ;  or  in  a  vert  line  passing  through  said  oen.  Hence,  since  th«  vert  direetion 
pgof  the  force  of  gravity  of  the  body ;  and  the  direction  A  p«f  the  foroe  *,  meet  at|>,  therefore,  the 
direction  fp,  of  the  foroe  /,  must  also  meet  there.  Hcnoe  we  have  only  to  draw  a  line  /»,  in  order 
to  find  the  reqd  direction.  A  noHt  intended  to  support  the  end  a  of  the  beam,  should  have  the  prisltlon 
/  a ;  and  the  Joint  o  <  should  be  at  richt  angles  to  /  a ;  and  not  to  a  c.  as  might  at  Urst  be  auiq 
from  Figs  IS  and  16,'  In  which  the  wt  of  the  beams  is  not  eonsidered,  and  Ir    ^ '  - 

neous  weight  to  }s  applied  only  at  the  j'otnt,  a. 

Having  found  the  directions  of  the  three  forees  In  VlgKH,  It  only  remains  to  find  their  amomtti. 
To  do  this,  we  already  have  one  of  them  given-,  namelv,  gravity,  or  the  wt  of  the  beam  and  its  load ; 
and  we  know  that  they  must  be  In  proportion  to  the  sides  of  the  triangle  drawn  parallel  to  their  di- 
rectioBs.  Consequentlv,  if  on  the  vert  direction  p  g,  we  lay  otT  by  scale  any  portion  whatever,  as  p  d^ 
to  represent  the  feMo of  gravity,  then  will  the  hor  side  of  the  triangle,  pdb,  represent  by  the  same 
sc»l*  the  hor  pres  at  e ;  and  the  side  b  p,  the  oblique  pres  at  a.  The  hor  pree  at  the  foot  le  equal  to 
that  at  the  head  of  the  beam.  It  is  of  course  included  In  the  oblique  pres  /;  which  is  eompounded 
of  said  hor  foroe,  and  of  the  vert  force  at  a.  The  vert  force  is  equal  to  the  weight  of  the  beam  and 
its  load;  none  of  which  is  sustained  at  c;  nor  can  be,  so  long  as  the  Joint  at  the  head  and  vaU  is 
vert.   See  Fig  6},  p  552. 

Ex.  2  is  a  similar  application  of  the  same  principle.  Suppose  the  several  stones 
composing  the  lialf-areh  Inji  Fig  22^  and  the  spandrel  /i 6  to  be  so  flrmlr 
bonaed  with  each  other  that  the  half-arch  and  spandrel  together  form  one  rigid 
body  Injib;  and  let  this  body  be  supported  only  at  the  crown  In  and  at  the 
skew-back  ii.  The  weight  of  this  body  (with  its  load,  if  any)  is  supposed  to  be 
known,  and  its  center  ot  gravity  to  be  somewhere  in  the  vertical  line  gg.  Now 
this  half  bridge  is,  like  the  preoeding  beam,  kept  in  equilibrium,  or  at  re^  by 
three  forces  only ;  namely,  the  wt :  a  hor  pres  A,  at  the  crown,  arising  Arom  the 


Of  the  oblique  force  o.    From  e  measure  down  by  scale  any  dist  c#,  on  the  vert 
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direction  gg,U>  represent  the  weight ;  and  firom  «,  draw  »i  taor.  Then  it,  ueaed 
by  the  same  scale,  will  be  the  hor  pres  A;  and  c<,  the  oblique  one  o.  The  joint 
J  «,  at  the  spring  of  the  arch,  bears  all  of  e«;  that  is,  all  the  wt  of  the  half-arch, 
and  half  load.  No  vert  pres  or  wt  is  sustained  at  the  center  /«»  of  the  arch; 
nothing  but  the  hor  pres.  But  j  i  also  sustains  this  hor  pres,  for  o  <  is  composed 
of  cs  and  st. 

The  oblique  force  ct  constitutes  the  total  thrust  exerted  by  the  enHre  areh, 
against  each  of  its  two  abuts;  and  the  line  ci  shows  the  direction  in  whicbthis 
thrust  enters  the  abut  at  the  SKewback  j  i.  After  entering  at  that  oeint,  it  begins 
to  curre  downward,  on  the  principle  explained  in  Art  72.  Since  c/  is  the 
hypothenuse  of  a  right-angled  triangle,  of  which 
the  leg  cs  represents  the  half  wt;  and  si  the 
hor  pres  of  the  arch,  it  follows  that  the  total 
thrust  c  <  of  an  arch  may  be  found  thus :  add 
together  the  square  qf  half  its  wt;  and  the  square 
afthe  hor  pres ;  and  take  thesqrtof  the  sum.  This 
applies  also  to  arches  of  iron  or  wood. 

We  do  not  here  consider  the  strains  produced 
along  the  length  of  the  arch,  but  merely  the  two 
forces,  s  t  and  /  e,  which,  acting  at  the  crown  In 
and  at  the  foot  j  i.  keep  eacn  other  and  the 
weight  cs  in  equilibrium.  An  actual  arch,  es- 
pecially when  the  rise  is  great  as  compared  with 
the  span,  cannot  safely  be  considered  as  a  rigid 
body :  and  under  some  circumstances  the  wallof 
the  pier  or  abutment,  back  of  b «,  receives  a  por- 
tion of  the  thrust,  as  well  as  the  skewback  ji..  Hence  the  foregoing  simple 
process  cannot  always  be  rigidly  appliM  to  actual  arches.  In  practice  the 
resultant  of  the  pressures  does  not  always  pass  through  the  center  oi  In  or  ji. 

Ar(.39.  Com  post  tlou  and  resolatlon  of  forces  hy  meanii 
of  rectaiifiralAr  eo-ordlnatefli.  Jn  Fig.  23,  let  the  three  forces  K,  F,  and 
ii  act  (in  one  plane)  through  the  point  x.  Draw  two  lin4s,  H  H,  and  V  Y,  Fig. 
2:{  A,  crossing  each  other  at  right  angles,  as  at  o.  These  liAes  are  called  rectan- 
gular co-ordinates.  From  o.  draw  lines  Eo,  Fo,  Go,  parallel  to  Ex,  Fx,  Gx,  Fig.  28, 
and  equal  respectively  to  the  forces  E,  F,  and  G  by  any  convenient  scale.  By 
Art.  84,  p.  326,  resolve  each  of  these  forces.  Fig.  23  A-,  into  two  components,  parallel 
to  H  H  and  V  V  respectively.  Thus,  E  o  is  resolved  into  t  o  ana  n  o,  F  o  into  u  o 
and  eo.  Go  into  io  and  »«o.    Then,  beginning  with  the  components  parallel  to 
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either  one  of  the  two  co-ordinates  (as  H  H),  add  together  those  (/  o  and  /  o)  that 
tend  to  move  the  point  o  toward  the  lefi  hand ;  and  also,  separately,  those  (in 
this  case,  only  one,  u  o)  that  tend  to  more  it  toward  the  right,  Subtract  the 
less  sum  from  the  greater,  and  lay  off  the  difference  *o  on  that  side  (in  this 
ease  the  right)  on  which  the  components  give  the  greater  sum.  Now  proceed 
in  the  same  way  with  the  components  parallel  to  the  ttlher  co-ordinate  (V  V), 
idcling  together  those  (e  o,  n  o)  tnat  tend  to  move  o  vptrnrd,  and  also  those  (m  o) 
that  tend  to  move  it  doumward.  Subtract,  as  before,  the  less  sum  from  the 
greater,  and  lay  off  their  difference  (a  o)  on  that  side  of  o  (in  this  case,  the  lower) 
which  gives  the  greater  sum.  We  have  now  substituted  for  the  three  original 
foiees,  E,  F,  and  G,  the  two  resultants,  *  o  and  a  o.  Complete  the  parallelogram 
•  sea,  and  draw  its  diagonal  R,  which  is  the  resultant  of  a o  and  «o,  and  thus 
the  iinal  resultant  of  all  the  original  forces.  From  j.  Fig  23,  draw  x  y  parallel 
to«  ou  asd  iBak#  hv  ^uaj  to  c  o  by  scale.  Then  j/  6  or  R  k  the  required  ivsaltant 
3  t&^SeefwjS;  ^rand  G,  aidTis  its  point  of  ap^eatloiT'  See  Art. «. 
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Arl;.  40.  Forces  In  one  plane  and  actlna:  throvffli  dlflTereiit 
polnto.  In  Fig.  24  we  have  the  same  three  forces,  £,  F,  G  (in  one  plane)  as 
in  Fig.  23;  but  so  disposed  that  they  du  not  all  act  through  one  aud  the  same 


point.  Yet  their  arrangement  in  the  figure  (Fig.  21  A  *)  ot  reetanjrnlar  eo* 
ordlnates  (Art.  an)  or  in  the  poly§son  of  forises  (Art.  38,  Fig.  24  B)  is 
evidently  the  same  as  whea  they  all  acted  through  one  point  x.  Fig.  23 ;  and  the 
resultant  B  (Figs.  24  A,  24  B),  so  obtained,  correctly  represents  the  true  resulta,ut, 
R,  Fig.  24,  in  amount  and  directhn. 

For  anv  tioo  of  them,  unless  they  are  parallel,  must  of  course  act  through  one 
point  Thus,  F  and  G  act  through  the  point  ^,  Fig.  24;  and  their  resultant  is 
given  by  r,  Fig.  24  A  or  24  B.    And  now,  usiug  ouiy  r  and  E  (aud  omitting  F 


Fig.24 


Figr.24A 


and  G),  Fig.  24  A  or  24  B  will  give  the  amount  and  direction  of  the  final  resultant 
R  of  the  three  forces.  But  a«  to  the  point  o/  application  of  R,  we  learn  from  Fig. 
24  A  or  24  B  only  that  R  acts  through  a  point  v,  Fig.  24,  where  r  and  E  meet.  '^ 
find  where  v  u,  we  must  have  recourse  to  Fig.  24  itself. 

Thus  the  polygon  of  forces  and  the  method  of  rectangular  co-ordinates  do  not 
give  us  t-^e  point  of  application  of  the  resultant  of  forces  acting  through  different 
points.  Where  this  is  required,  it  is  better  U}  find  the  resultaut  as  indicated  in 
Fig.  24,  and  explained  in  AH.  36,  Fig  19i,  p.  328. 

Forces  in  equilibrium  in  one  plane,  as  E,  F,  G  and  the  an/t-resnltant  R,t  Fig. 
24.  evidently  form  a  closed  polygon,  Fig.  24  B,  whether  they  all  act  through  one 
point  or  not.  And  conversely,  if  any  number  of  lines,  E,  F,  G,  R,  Fig.  24  B,  form- 
ing  a  closed  polygon,  represent  forces  in  one  plane,  we  know  that  if  those  forces 
all  act  through  one  point  (r.  Fig.  23  f),  they  are  in  ecrui]ibrium;.and  that  if  they 
d)  7wt  all  act  through  one  point  they  are  either  in  equilibrium,  and  hence  have 
no  resultant,  as  in  Fig.  24,t  or  else  they  have  two  equal  and  parallel  resultants 
acting  in  opposite  directions  and  thus  forming  a  *' couple,"  Art  56  (/.  p.  347  <L 
and  merely  causing  the  body  to  rotate  about  its  center  of  grayity.  This  woald 
be  the  case  in  Fig.  24  if  the  anti-resultant  R,t  as  found  by  Fig.  24  A  or  24  B,  should 
be  applied  above  or  below  v,  instead  of  through  it,  while  the  three  original  forces 
£,  I*,  and  G  continued  to  act 

Art.  41.  Forces  In  dlflTerent  planes,  iHit  aetlnur  throngrh  one 
and  the  same  point.  Such  forces  cannot,  like  those  in  one  pl«ne,  be  cor- 
rectly represented  together  on  one  flat  surface,  such  as  a  sheet  of  paper.  Thus, 
let  Fi^.  27  be  a  cube ;  and  ot,ocyOi  three  forces  acting  in  the 
directions  of  its  edges  and  through  the  same  point  o.  It  is 
plain  that  the  relative  positions  of  these  forces  are  not  cor- 
rect ly  represented ;  for  /  o  c,  / o i,  and  coi  are  all  in  reality  right 
angles;  whereas,  in  the >f^/re only  coi  is  nearly  a  right  angle ; 
toe  appearing  as  an  acute  one,  and  ^o  t  as  an  oDttise  one. 

Ob  this  account  the  resultant  of  such  forces  cannot  be  had 

by  measurement  from  a  single  drawing.    Recourse  is  had  to 

Fiir  27        calculation ;  which,  however,  will  be  facilitated  by  drawings. 

*•    *         First  find  the  resultant  of  any  two  Of  the  forces,  (for  any  two 

are  necessarily  in  one  plane ;  then  find  the  resultant  of  this 

resultant  and  the  third  force ;  and  so  on  to  tbe  end.    It  is  easy  to  find  the  first 

resultant,  but  tbe  others  are  more  troublesome.   It  is  comparatively  seldom  thi4 

the  civil  engineer  has  to  find  the  resultants  of  forces  in  dlffierent  planes.  4 

*  If  some  of  the  forces  are  pulls,  and  some  pushes,  a^  in  Pig.  24,  transform  the  palb 
into  pushes,  op  vice  versa,  as  directed  in  Rem.  1,  p.  320,  so  that  in  Fig.  23  or  24  A  all 
thj  torces  may  be  treated  as  pushes,  or  aU  as  pulk 
Vf  Xdo'*^**'**  ^  **  ^^  WPIwsed  to  be  revened,  bom  it  fbrifttke  ifenfi-resQlteat  ef 
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Art.  4S«    The  author  suggesto  the  foHowinc mtiiw><  Ihjr  miiiili,  f«r 

finding  the  resultant  of  three  orof  four  fdrcesm  different  planw,  but  acting 
through  one  point. 

( I).    For  iliree  forees.    Let  a  o,  6  o,  c  o,  Fig.  86,  be  three  forces,  meeting 


^iff.SO 


Fig.Bfl 


at  o.  Draw  on  pasteboard  the  three  forces  ao.bOt  co^bs  in  Fig.  81,  with  their 
uettial  angles  .ao'6,  boc^  eoa.  By  Art.  28,  find  the  resultant  wo  of  the  middle 
pair,  bo  and  eo.  Cut  out  neatly  the  whole  fig.,  aoacwba.  Make  deep  knife- 
scratches  along  oft,  0  e,  so  that  the  two  outer  triangles  may  be  more  readily  turned 
at  angles  to  the  middle  one.  Turn  them  until  the  two  edges  oa^oa  meet,  and 
then  paste  a  piece  of  thin  paper  along  the  meeting  joint  to  keep  them  in  place. 
Stand  the  model  upon  its  side  obwe  as  a  base,  and  we  shall  nave  the  stijffper 
shape  a  o  6 10,  Fig.  :i2 ;  o  w  being  the  sole,  and  uob  the  hollow  foot. 

in  the  model,  the  force  ao  and  the  resultant  iro  of  the  other  two  forces,  are 
now  in  their  actual  relative  positions.  To  find  their  resultant,  cut  out  a  separate 
piece  of  pasteboard,  Raow,  with  Raand  Rw  parallel  respectively  to  wo  and 
ao.  Draw  upon  each  side  of  it  the  diagonal  Ro.  Paste  this  piece  inside  the 
model,  with  its  lower  edge  tro  on  the  line  wo.  Fig.  81,  and  its  edge  ao  in  the 
comer  a o.  This  done,  R o  represents  the  resultant  of  the  three  forces,  ao,  6  o, 
ro,  Fig.  30, in  its  actual  position. 

(2)  For  fonr  forces,  as  ao,bo,eo^Oj  in  Fig.  34.  Drtiw  them  as  in  the 
figure,  with  their  angles  aob^boc,  etc.  Draw  also  the  resultants  v  o,  of  a  o  and 
bo]  and  too,  of  c o  and  d o.  Then  cut  out  the  entire  figure,  as  before,  and  paste 
together  the  two  edges  ao^ao.    Hold  the  model  iu  such  a  way  that  two  of  its 


Pig.34 


Fig.35 


times  (naaob  and  boc)  form  the  same  angle  as  do  the  two  corresponding  planes 
Detween  the  forces.  Then  we  have  the  two  resultants  vo.wo,  Fig.  35,  in  their 
adwU  relative  posiiums.  Cut  out  a  separate  piece  of  pasteboard  Rtow,  Fig.  35, 
draw  the  diagonal  Ro  on  each  side  of  it,  and  paste  it  inside  the  model,  with  ov 
and  0  to  on  the  corresponding  lines  of  the  model,  Then  Rowill  represent  the 
resultant  of  the  four  forces,  ao^bo^eo^do^  in  its  actual  position. 

The  model  may  be- made  of  wood,  the  triangles  aob^boo,  etc.,  being  cut  out 
separately,  the  joining  edges  bevelled,  and  theu  glued  together,   ^ee  also  Art.  43. 

ArC  43.   The  pAralleloplped  of  forces.   If  any  three  forces,  o  a,  o  6, 
oe,  Figs.  3f),  in  different  platics, 

act  through  one  point  o,  their     o, 4  a ^. 

resultant  will  be  represented  by 
the  diagonal  oy,  ot  a  parallele- 
piped actbi,  of  which  three 
converging  edges  represent  the 
three  forces. 

This  suggests  another  mode  of 
showing  the  resultant  of  three 
such  forces  by  a  model ;  for  it  is 
onlT  necessary  to  prepare  a  box 


«'^ 


S^ie"prof«r  shape,"  and  yo  will  represent  the  required  resultant 
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tlmt 
cannot 


JTo  three  foreea  im  dlflterent  planes  ean  be  In  eqnlllbriwnft. 
Art.  44.  Forces  to  dllfereiit  planes  :  and  mot  tending  tm  wt 
from  one  point.  It  is  but  rarely  that  such  forces  have  a  resultant,  or  anti- 
resultant ;  that  is,  no  single  force  can  usually  be  found  either  to  produce  an  equal 
effect,  or  to  balance  them.  It  is  so  seldom  that  they  present  themselTes  to  th«  engi- 
neer's attention,  and  their  solution  is  so  tedious,  except  lu  very  simple  cas 
we  shall  confine  ourselves  to  one  of  that  kind.  As  in  Art  41,  the  resultants 
be  had  by  measurement  from  a  drawing. 

Let  ao,ito,0O,  Fig  S7«  be  three  sooh  forocs ;  and  aappose 
them  all  td  aot  againat  the  same  plmue 

ppp;  aod  agaioflt  the  same  side,  or  sorf  of  it;  that  U.  none  . 
of  them  pointing  upward  against  the  aoder  side  of  the  plane 
in  the  fig.  Having  the  pointa  o  of  appUoation,  and  tbe  rela- 
tive poMtiona  tf  the  foroea  tbemselvee,  as  well  as  the  angles 
aoc  wbleb  they  form  with  the  plane ppp,  resolve  each  of  the 
foroea  into  two  oonponenta ;  one  of  which,  e  o,  ooiuefdes  with 
the  plane ;  while  the  other  (parallel  and  equal  to  ac,  but  meet- 
ing e  o  at  o)  is  at  riglit  angles  to  c  o,  or  to  the  plane.  We  then, 
P.,„         „  hare  two  seta  of  foroea :  one  set  in  the  plMM.  and  the  other  al 

dbt.  ■  \  JV  ^f^^  nngles  to  ft.    Sinoe  those  In  the  plane  do  not  tend  to  «r 

^^'l^  ««  \         ^  fH>in  one  point,  their  rennltant  saaat  be  fonnd  br  Fig  19 H. 

while  that  of  the  wveral  parallel  eotaponents  (eqaal  te  m 
e,  but  applied  at  o)  may  be  obtained  by  Arts  66  aod  6B. 
These  two  reaultanta  will  rarely  be  in  the  same  plane  with 
each  other,  and  oonsequeotly  ean  hare  no  Joint  reanltant.  If 
they  should  ehanee.  however,  to  fhU  in  the  aame  plane.  «•• 
Art  38  for  finding  their  resnttant.  In  tinple  oaaes.  where  the 
foroea  sot  against  one  plane,  as  in  enr  fig.  pleoea  of  wire,  ent  to  lengths  to  represent  the  foroes ;  aad 
stnok  into  a  pieoe  of  amooth  board,  in  their  proper  relative  poaitiona,  wiU  greatly  faolUtate  the  flad- 
Ing  of  the  reanltant  approximately  enough  for  most  practical  r«ies. 

The  same  general  process  must  be  used,  no  matter  how  great  .may  be  the  namber  and  directions  of 
the  forces.  A  plane  mnat  be  assumed  to  pass  somewhere  through  the  system:  *od  the  directions  of 
all  the  fwoes  must  be  oonoeived  to  be  ao  extended  as  to  terminate  at  poiato  of  arolicatioa  la  saM 
plane.  Kach  force  must  then  be  resolved  Into  two.  aa  in  the  foregoing  example;  and  the  reonltants 
of  the  two  sets  of  forcea.  aa  well  aa  their  Joint  reaulunt.  if  they  have  one.  muat  be  found  as  before. 
If  BUT  of  the  foroea  ahould  be  parallel  to  the  asaumed  plane,  but  not  <n  it,  it  evidently  cannot  be  re- 
solved into  two,  one  of  which  shall  be  <n  the  plane ;  for  (Art  3S)  no  foroe  ean  have  one  of  ha  eomp^ 
nents  parallel  to  itself.    Hence,  in  such  a  case,  the  resultant  cannot  be  found  by  this  process. 

Art.  45.  It  is  comparatively  seldom  that  strict  mathematical  accuracy  is  reqd 
In  finding  the  resultants  offerees  in  engineering  practice;  therefore,  the  foregoing 
easy  methods  by  measurement  firom  a  drawing,  or  model,  will  usually  answer  every 
purpose.  Moreover,  they  appeal  to  the  eye ;  and  are  therefore  much  less  liable  to 
serious  errors  than  methods  involving  numerous  calculations.  But  when  more  oor* 
rect  results  are  needed,  they  may  be  had  by  means  of  a  table  of  nat  sines,  tangents, 
Ac.  Thus,  in  the  case  of  two  components  and  their  resultant,  calling  the  components. 
Fig  38,  0  and  c;  and  the  re-^nltant  R,  thm 

If  the  anrl«  n  b  n  between  the  compo. 
nents  C,  c  Is  90°,  R  will  =»  yc»  +  c«;  and  C  — 
yifl  — c«;  and  c  =  »/R «— C«.  Or  R  will  «  C  -j-  coeine 
of  a  b  n  »>  c  -f-  cosine  of  a  b  m.  And  C  will  »>  R  x  co- 
sine of  a  b  n :  and  c  ==  R  X  cosine  of  a  b  m. 

Or  whetber  tbe  anvle  between  the  eom- 
ponents  €  and  c  be  90°,  or  more,  or  less,  aa 
in  Fig  39, 


Fifir.38. 


cwm- 


R  X  sine  of  v 


;  and  c  ■» 


RXsineofx 


sine  of  C  b  c 
Observe  that  v  is  used 
inge. 

And  R  WiU  -  l>i4512££5l 
sine  of  X 


sine  of  C  b  c  * 
finding  C;  and  z  for  flnd- 


;    CXsineofCbc 
^'       sine  of  v 


Fig.  39. 


If  tbe  angle  Cbc,  or  either  of  the  others  exceeds 
90^',  subtract  it  from  180°,  and  use  tbe  sine  of  the 
lemainder. 
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Art.  46.  Homento.  Tie'vemge.  Itab, 
Fig  40,  reprevent  any  force  actiug  in  any  direction 
wliHtever;  and  if  o,  or  i,  be  auy  point  wliatever, 


whether  in  or  out  of  the  iKHly  on  which  the  force    .^        (•,    c         H    D^   1 
is  acting ;  and  if  ftom  said  point  a  line  o  «,  or  «  c,     ""Sr — "'"I -/*—  <  ^  ^^. 


be  drawn  at  right  angles  to  said  direction  of  the 

force,  then  said  line  o  s,  or  t  e,  is  called  the  arm,     ^    •  >      ,     ,        ,,'  __ 

or  leveraipe  of  the  force  a  6,  about  taid  point.     ^^\    y^sC  ''*''     K^  4*0 

And  if  the  amount  of  the  force  in  fce,  Ac,  be  muU         \   "»/*']/ .^''  S  tv 

by  the  length  of  the  arm  or  leverage  in  feet,  Ac, 

the  prud  iu  ft-fi>s,  Ac,  is  called  the  moment  dC 

the  force  about  that  poiid.    Thus,  if  the  force  a  b 

be  8  Ibs^  or  tons ;  and  the  line  o  «,  (>  feet,  then  the 

moment  of  a  6  about  o  is  8  X  ^  "*  48  ft-lbs;  orft- 

tou^    A  force  has  of  course  no  moment  about  any  point  through  which  itpattet. 

This  noaiaoi  raprwanU  Um  toUl  Umdaaivj  of  tke  foroe  to  produM  noOoa  about  tbe  givni  poliit. 
We  eaDDOt  bold  bor,  between  tbe  ends  of  a  thumb  and  foreflnger,  a  piece  of  stlek  a  foot  long,  which 
has  a  3  ft  wt  at  tbe  other  end  of  it ;  beoauae  tbe  tendenej  of  tbe  wt  to  ptoduoe  motion  i«  too  great  for 
tbe  foroe  of  oar  fiugen  to  reaist ;  but  we  ean  in  that  manner  bold  a  etiok  two  feet  long,  with  a  3  ft  wt 
at  each  end.  If  we  take  H  at  tbe  oentar.  For  altbongb  in  this  caae  there  is  twioe  as  muob  momeni  a« 
before  exerted  at  oar  fingers ;  jei  It  ie  not  now  exerted  against  them ;  beoaote  we  now  hare  two  eqaal 
BiOBieou  In  opposite  direotloni.  reacting  mgaiiut  each  Uhmr  ;  and  learing  nothing  for  tbe  fingers  to 
react  against,  except  tbe  mere  vert  «»t  of  6  fts. 

Since  tiie  momeat  about  o  tends  to  prodooe  motion  at  that  point  In  tbe  direction  in  which  the  bands 
of  a  watch  move,  or  from  the  left  band,  toward  tbe  right.  It  is  called  a  riaktkimd  momenft.  Bat  the 
Bomeat  of  tbe  same  foroe,  about  tba  point  i.  teads  to  prodooe  motion  at  that  point,  from  right  to  left, 
as  shown  by  tbe  arrow-bead  on  tbe  sBall  circle ;  hence  it  is  called  a  l^hamd  moment.  The  moment 
of  tbe  ftorce  d y,  with  lu  leverage  y  <,  about  tbe  point  <,  is  a  left-baad  one;  as  is  also  that  oX  xw 
with  iu  leverage  a  i. 

When  the  arm  e  s.  or  <  <;,  Instead  of  being  merely  an  imagtsed  dit.  Is  a  rigid  har,  at  one  end  of 
vbieb,  as  «  or  e,  tbe  foroe  is  imparted ;  thus  giving  tbe  bar  a  tendency  to  move  aroand  the  point  o  or 
i  ss  a  fixed  center,  it  is  frequeoUy  called  a  unrxa ;  and  tbe  point  o  or  (,  the  fombom  of  the  lever. 

If  the  lever,  instead  of  being  like  e  i,  at  right  anirles  to  the  direction  a  m  of  the 
force,  should  be  oblique  to  it,  as  in  t  m,  or  t  a ;  or  should  be  curved,  or  bent  in  any 
way,  as  igt\  this  in  no  way  affects  the  leverage,  or  moment  of  the  force ;  for  the 
toveraaire  ifi  always  the  perp  dlst,  or  in  other  toordt,  the  shortest  dlst 
from  the  fhleram,  to  the  directfloti  of  the  foree;  and  is  entirely 
independent  of  the  length  of  the  lever  itself.  This  is  a  yrand  fhnda- 
mental  principle  of  all  levers,  and  leTerag-es;  and  the  young 
student  should  carefully  impress  it  upon  his  memory,  inasmuch  as  it  is  of  constant 
Hpplication  in  practice. 

The  fulcrum  is  not  always  at  one  end  of  the  lever,  but  may  be  between  Uie  two 
ends;  so  that  there  are  two  arms.  Cog-wheels  are  nkerely  continoous  circular  levers, 
with  the  fulcrum  at  tlie  center. 

Art,  47.  As  a  further  illustration,  let  J 

«/^  Fig  41,  be  a  bent  lever,  turning  on       YfvS  4»1  Ti       ^-""^ 

its  fnlcrum/;  and  wi  and  »  two  wts  su»-       ^  S  -J-''"^ 

pended  from  its  ends,  constituting  two  •''''''XH^n 

forces  acting  in  the  vert  directions  a «,  "I|    ,.*'-''''     /  I  V*% 

h  c    Now,/c,  at  right  angles  to  the  di-  ..•-."  /  fB  \  i^^ 

ruction  6e;  and /a,  at  right  angles  to  **     \  X„^W,-'V     V. 

the  direction  a  n,  are  the  nrma,  or  lever-  M      ^.-|'       wa      A^ 

ages  of  the  forces  m,  and  n,  about  the  \      M    ..•'*'    ;        \^     ^ 

point/.  a  l/-""         i^       ^ 

la  tbe  fig  theae  leverages  are  equal,  say  each  ^'■■■"■■"tc 1  \ 

i*Sft;  and  let  each  wt.m and  i».  be  100  fts;  then  4  IJ'  ^  \i 

tbe  right-hand  moment  of  m.  nod  the  left-band  H  A  ^  ^ 

ooeofn.abont/.  are  each  OXlOOcWOfl-fts;  and  H  M 

■teee  both  the  roroes,  and  /,  «>-«  «tU  m  Me  saMia  ^  m 

yime.  It  is  evident  that  the  two  opposite  mo-  ^  ^A 

uents,  balance  each  other ;  although  tbe  Ivttr  "- ■■ 

/»,  Is  mneb  longer  than/a.  "'^^^^^^^^^^^^^^^^Ssw 

Kow  soppoee  tbe  wt  m  to  be  removed ;  and  rbat  instead  of  It.  a  person  pulls  in  the  direction  Ss,  by 
Bieans  of  a  Rtring  fastened  at  h.  With  what  foree  most  he  pall  la  order  to  balance  the  wt  nf  Fir«t 
meairare  the  levemge  /t,  from  the  fnlcram,  and  at  right  angles  to  the  direction  is  of  the  new  foroe ; 
ftod  snppose  It  Is  fnaod  to  be  9  ft.  Now  we  have  already  found  tbe  moment  of  n  about  /  to  be  000  ft- 
lbs;  and  we  require  tbe  same  moment  on  tbe  opposite  side ;  so  that  all  that  is  reqd  Is  to  find  what 

Bimber  the  9  feet  leverage  must  be  molt  by.  in  order  to  make  600.    This  la  plainly  ~  =  M.68  lbs, 

br  tbe  pull  which  the  person  must  exert :  because  9  X  M.Mt  =■  1100. 
teitto  scea  that  with  the  same  length  of  lever,  /6,  we  oaa  have  diff  powars,  (so  called,)  or  leoer. 
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ag0»,  aceordfng  to  the  direcUon  in  which  we  apply  our  focoe  to  the  lerer.  Tbia,  howeTer»  eTideatly 
has  its  limit ;  for  the  greatost  power  is  gaiued  (to  use  the  popular  expression)  when  we  apply  our 
force  in  the  direction  hy,  at  right  angles  to  a  line/6,  drawn  from  the  fulcrum  to  the  oater  end  of  Um 
lerer.    If  we  apply  it  in  the  direction  b  d,  we  get  only  the  leverage  /A. 


B  principle  as  in  the  foregoing  example,  if  o  <  and  go.  Fig 


TL 


On  the  s        .         .  _      _  _    .  -  . 

42,  be  two  beams  of  equ«kl  •oanillng,  but  of  diff  lengths :  with  one  en( 
of  each  lirmly  fixed  in  a  vert  wall,  and  both  sustaiuiug  equal  suspended 
wts  w,  X ;  the  momeuts  of  the  wts  about  the  points  o  and  g  will  be  equnl, 
because  the  arms  or  leverages  oe,  ga,  are  equal.  Therefiore  tlie  wt  w 
will  have  no  more  tendency  to  break  oflT  the  long  beam  at  o,  than  x  has 
to  break  the  short  one  at  g.  Tbe  wts  of  the  beams  themselves  are  not 
here  taken  into  consideration ;  and  this  is  always  the  case  in  speaking 
of  levers,  unless  otherwise  expressed.  In  very  many  eases,  the  wt  of 
levers  of  two  arms  does  not  aflfect  tbe  result  aimed  at,  pnnridtl  the  arwu 
are  $o proportioned  a»  to  froioncs  «aeh  other  when  unloaded;  no  matter 
what  their  comparative  lengths  or  wts  may  be. 

If,  in  Fig  42.  we  apply  pulls  to  tbe  beams,  in  the  parallel  directions 
tm,  en,  at  right  angles  toot,  then  tbe  leverages  become  changed  from 
oe  and  ga.to  ot&nA  ge;  and  since  o <  measnrea  6  times  tte  length  of 
g  c,  it  follows  that  the  beam  o  (  would  be  broken  off  at  o,  by  X  part  as 
much  force  in  this  new  direction,  as  pa  would;  for  the  leverage  being 
6  times  as  great,  must  be  mnlt  by  only  4  as  much  wt,  in  order  to  have 
an  equal  breaking  moment. 


Art.  48.  In  ordinary  phraseology,  the  load,  or  resistance  of  any  kind,  which 
we  wish  to  move,  overcome,  or  balauce,  by  means  of  a  lever,  is  called  the  weiffJU; 
while  the  force  of  whatever  kind  which  we  apply  to  accomplish  this,  is  callM  the 
power.*  Usually,  but  not  always,  the  power  I»  applied  to  the  longer  tarm. 
Ifiqailibrium,  or  balance,  or  equal  momeuts  in  opposite  directions,  will  then  plainly 
take  place,  when  the  long  leverage  (not  lever)  has  the  same  propoition  to  the  short 
one,  that  the  wt  has  to  the  power;  becanse  then  only  can  the  long  leverage  mult  by 
the  small  power,  have  the  same  moment  as  the  short  leverage  mult  by  the  great  wt. 
This  is  seen  in  the  common  steelyard,  Fig  43 ;  wbleb  is  merely  aa  iron  lever,  turning  on  a  fulcraot 
/,  and  having  the  wts  <^  ito  two  aroM  /«,/6,  so  proportioned  as  to  balance  each  other  when  un- 
loaded. Here  the  ppveu  Pi,  at  the  dist  of  two  divisions  fttnni  the 
fulcrum;  balances  thd,<M;,  W%  4ithe  dlst  of  otie  divisloa.  if  th* 
wt  W^  were* suspended  at  f.  otAy  half  a  division  fr»ai  /,  U  would 
balance  the  power  PI,  suspended  where  W2  is  in  tbe  fig,  at  a  whole 
divisioa  frtm/.  if  tbe  power  U  raqd  to  move,  or  overcorae  the  wt.  it 
is  plain  that  either, the  power  It-self,  Or  the  length  of  Ita  arm.  nust  be 
gi-cacer  than  when  mere  eqnilibrioni  is  to  be  effected;  In  other  words. 
besides  the  two  etraining  forces,  which  by  their  mutual  action  balaooe 
or  equilibrate  each  other,  we  need  some  unrptUted  force  to  impart 
motiom  to  the  inert,  matter. 

In  the  two  levers  of  the  same  length.  Fig  44,  the  leverage /i9  nf  tira 
wt  to,  is  of  the  same  length  in  both ;  namely,  one  division ;  lint  tbe 
leverage  /p.  of  the  power  p,  is  but  two  divisions  long  in  tbe  upper  one, 
and  three  divfsioni  in  tbe  lower.  Therefore  a  power  of  1  lb  wilt  baiaooe 
only  a  wt  Of  2  fbi  in  the  upper  one,  and  of  three  lbs  In  tbe  lower.  In  the 
upper  one,  the  power  will  move  twice  as  fust  as  tbe  wt ;  in  the  lower  one, 
three  times  as  fast.  When  the  foleruM  is  lictween  tbe  wt  and  the  power, 
as  in  tb^  upper  one,  tbe  lever  is  said  to  be  of  tbe  ftret  ctoss;  when  the  ftil- 
crum  ts  at  one  end,  and  tbe  power  at  the  other,  eecond  class ;  falcrum  at 
one  end,  and  wt  at  the  other,  third  class.  In  all  ca.ses  It  it  easamed  that 
the  fulcrum  is  in  tbe  same  plane  with  the  direotioas  of  both  the  wt 
and  the  power ;  otherwise  the  prinei|»tes  do  not  apply.  Wheh  two  weickts 
balance  each  other  on  two  arms  of  a  lever,  aa  a  steelyard,   '~ ^ 


-I 


Bg^* 


weighing  scales,  ^c,  their  directions  are  tbe  vert  lines  passing  tbroogh 
their  ceiUMJl  of  grav  ;  and  the  same  imaginary  vert  plane  which  ootneiMs 
with  those  directions,  coincides  wMl,'  or  passes  throegb,  the  f^lcmm  also.  When  this  is  not  tbe 
otise.  no  equilibrium  can  exist.  T^ia  may  be  readily  proved  by  experiment;  for  we  cannot  balanoe  a 
bow-shaped  piece  of  stick  or  wire,  so  long  As  the  bow  is  bor;  fbr  it  will  turn  on  tbe  fulernm.  of  ito 
own  accord,  until  the  bow  becomes  vert;  so  that  the  same  vert  plane  that  passes  through  the  falcmm 
shall  pass  also  through  the  cen  of  grav  Of  each  half  of  the  bow.  Jf  aU  the  forces  acting  on  tbe  lever 
are  hor,  or  oblique,  the  imaginary  plane  must  be  so  too. 

Rbm.  Prom  what  has  been  said  respecting  the  lower  Pig  44,  it  follows  that  when  a  load  w  It  home 
at  any  point  of  a  beam/p  supported  at  both  ends,  then  the  portion  of  the  load  supported  by  eaoh  of 
these  points /and  p.  is  in  the  same  proportion  to  tbe  whole  load  that  tbe  respective  portions  fw  and 
p  10  of  the  beam,  are  to  the  whole  span  /p  of  the  beam ;  but  inveraely;  that  is,  the  smallest  portion 
of  the  load  is  borne  by  tbe  support  at  p:  and  tbe  largest  portion  by/.  In  the  flg,  /to  is  one  third, 
and  pw  ia  two  thirds  of  the  (dear  length  or  span  of  the  beam ;  hence,  j>  snpporto  if  of  the  load  w; 
and/BupporteJi.    Or  M/p |  w t  t/w t load atp.    Aadas/p  t  wnp  toiloAdnf 

•  The  fact  that  by  means  of  leverage  a  small  power  can  be  made  to  move  a  great  wt,  is  in  Cvwwwa 
parlance  styled  a  gakm  of  p«wer.  In  a  soientiflc  sense  the  expression  is  aheard,  yet  In  praetfea  it 
has  by  its  universal  use  liecome  very  convenient ,  and  we  shall  therefore  employ  It.  When  ttie  lever, 
instead  of  merely  balancing  tbe  power  and  the  weight,  has  to  be  put  into  motion,  it  is  plain  thai  thefe 
must  be  tome  exoess  of  foroe  applied  at  the  powireud,  to  produce  the  motton. 
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It  is  aoaloeous  to  • 
d  a«  it*  Mannfi 
1  /•.of  S  ft,  ia  aoM 


nMkmgMm/o,  of  tftylaaMed  vpoa  by  t 
MMit  5  X  >=  10  ffc-tons }  whloh,  bete»  sreat 
of  the  stone,  eqaiUbriom  oaaDot  exist :  and 


Art.  40.    Thlf  example  Is  the  same  as  Id  Fig  19, 
where  the  question  it  solved  independently  of  leverage  and 
moments. 

Let  S  be  a  stone  of  3  tons ;  steading  on  a  hard  hor  base  n 
M  ;  let  ft  be  its  cen  of  grav ;  and  let  the  dist  ng  from  the  toe 
II,  and  at  right  angles  to  the  vert  direction,  ig,  of  tba  gravity 
of  the  stone,  be.  2  feet.  Also  let  /ill  be  a  force  of  2  tons.  Im- 
parted to  the  stone  at  h;  and  let  the  dist  no  from  ike  toen, 
and  at  right  angles  to  the  direction  fa  of  the  force  /A  be  ft 
ft.  Will  the  force /A  apset  the  stoae  around  the  to»  «,  at  a 
turning  p<4ntr 

Here  n  y,  or  2  ft.  la  ttM  lereraM  of  tke  foroe  (t  toot)  of  craTity ;  oonMqiMDtly,  the  momwat  of  the 
•tone  aboal  tbe  pqint  n,  U  equal  to  a  ft  X  S  tons  =  0  foowtoua :  and  thin  moaieat  (which  ia  oaHed  the 
Wkometu  0/  ttabUUif  of  the  stoae,  about  n)  alone  tends  to  prevent  the  stone  frecn  orertumiDg  about 
n.  Again,  n  o,  or  5  ft,  is  the  leverage  of  the  force,  (2  tens,)  of/*:  oooseqaently,  the  moment  of  /* 
about  the  point  n,  is  equlil  to  5  ft  X  2  tons  =:  10  foot-tons ;  and  Ubi*  Moment  alone  tends  to'everMtn 
(he  stoue  about  n.  Sinee  the  overturning  mosoeot  ia  the  greateet,  the  stone  will  of  eoui«e  uyseC 
The  foregoing  ease  resembles  ttet  of  an  abutment  resisting  the  thrust  of  an  areh ;  or  that  of  a  le- 
talntng  •  wall,  sustaining  the  thrust  of  earth  against  Its  baoi;  said  thrust  being  supposed  to  be  cba- 
oentrated  at  its  center  tH/^rttturt.  CArt  57.)  It  ' 
simple  bent  lever  e/o,  Fig  S&X,  supported  \ 
around  whteh  it  may  revolve.    The  short  arm  /«,  of  3  ft, 

I  bj  the  8  tons  wt  of  the  stonef  momettt=2X8=*  ft'tona. 

'       . IB  by  the2  ton  foree»;  ■••      ^.      _,  , 

p  greater  than  the  «  ft4oas  Fifir,26^ 
t:  and  motion  mpst  eotne. 
The  wt  of  the  ^SoAj  S,  in  Fig  26,  Oonstitutes  one  of  the  foroes  «<}»- 
teg  upon  it:  whUe  its  inert  nuttter  oonstitutes  the  two  lever  arms 
at  Fig  26)i.  It  freqaentlj  thus  happen*  that  a  bo^  ^J*^ 
same  time  the  reslstaaoe  to  be  overeeme;  and  the  lever  with 
which  to  overoome  it.  It  is  plain,  that  In  the  same  manner  as 
•hove,  we  may  ttnd  separately  the  moments  tt  any  number  of 
fones  aeiing  in  tite  ssme  plane,  upon  a  body  ;  and  may  afterward 
asoerUin  their  united  effaets,  Iqr  adding  into  one  sum  ihose  whieh 

tend  to  overturn  it;  and  into  another  sum,  those  wtdeh  tend  to  prevent  its  overloniag ;  the  diff 
between  these  sums  will  be  their  Joint  etfeot. 

BsM.  In  Fig  25  we  have  supposed  the  body  3  to  turn  abeit  4  single  potrft,  it; 
but  in  practical  cases  they  tutu  about  edgts^  aJidy,  'fig  2^)^  tlie  assumed  turtiing 
edge  of  the  body  B ;  which  may  be  re- 
garded as  a  retaining-«'all,  or  abutment, 
ic.  In  making  calculations  for  the 
strength  of  such  structures,  it  is  Ubual 
to  restrict  ourselves,  for  convenience,  to 
a  supposed  vert  slice,  one  foot  thick, 
like  the  shaded  end  of  the  fig ;  in  which 
case  the  turning  edge  is  one  foot  long 
instead  of  extending  along  the  too,  dy, 
vt  the  entire  structure;  (see  Art  70.) 
nils,  however,  causes  no  change  in  the 
calculations,  which  remain  tii«  same  as 
for  Fig  26 ;  for  we  suppose  all  the  wt  of 
the  slice  to  be  concentrated  at  its  cen 
rf  grav ;  and  the  forces  to  be  imparted 
hi  the  same  vert  plane  with  the  direction  of  the  gravity ;  so  that  it  amounts  virtually 
to  tiie  same  thing  as  if  we  assumed  our  one-foot  slice  to  bu  inflnitoly  thin ;  but  still 
to  have  the  same  wt  as  if  it  were  one  foot  thick.  We  of  coui-se  restrict  ourselves, 
also,  to  the  forceg  acting  upon  such  1  ft  slice. 


Jk^    ©3T 


^.25>^. 


But  in  fact,  It  is  not  absolutely  neoesnary  in  such  cases,  to  suppose  our  applied  foroep  to  be  In  the 

. .^  ... ^_  .^  ..  g  ynM,pnMt4l*ttVna  Mth  ouf  MtuefPi,  mH  «M  6as«  againat 

'    ' *  *'  tnJsrf- 


t  vert  Diane  with  the  gravity  of  the  v 


wkUh  th«  edy*  d  y  be^n.  and  tMofoes^vuiy  be  rtfttrded  as  jmia(fc«jJ|r  HgU,  er  ««yfe^fiif , 
thotefor         "-'----- •- 

I  regards  ^ .  ,^ _. 

s  to  the  ri«M  axle  e  i,  FigdO^u  with  two  lever-ams  «  s,  and  en.  Thu  wti^,  may  be  supposed  to  be 


t  of  thde  fi»rceM.  For,  if  there  be  no 
so  te  as  regards  overturning,  whether  th'e 


jieldtng  wbatover  along  the  edge  dy.  then  it  is  immaterial. 
:ie  force  De  applied  at  o,  or  at  ( ;  for  a  if  tnen  becomes  anaio- 
rolevcr-amsvs,  and  ra.  Thu  wti^,  may  be  supposed  to  be 

that  of  the  structure^  and  trovk  that  eouimoa  maohioe,  the  wheel  and  axle,  we  ^ow  that  U  is  imma. 

terial  whether  the  applied  foroe.  and  other  lever- arm,  are  attached  to  the  axle  at  c;  or  »t  aay  other 

point  along  Ito  length ;  so  long  as  the  axle  is  equally  unjielding  at  every  yofnt.    Art  SS  wilt  perhaps 

make  this  more  olear. 

Cantlon.  Althongh  it  Is  immaterial,  as  Just  explained,  as  regards  overiurmi^g^ 
whether  the  force,  Fig  25^^  be  applied  at  <  or  at  o ;  it  is  plainly  not  immaterlHl^ 
regards  a  tendency  to  swing  the  body  around  horizontally,  or  as  regards  pressures 
(and  consequent  friction)  at  the  ends  of  the  stick,  Fig  25%,  or  in  the  bearing  //, 
Fig.  45. 
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Art.  50.  Kqaflllbriam  of  forces,  and  of  momeiits.  Tbe  ito- 
dent  mast  distinguish  clearly  between  those  cases  in  which  farees  hold  each 
other  in  eqnilibriom,  and  thoee  in  which  the  iDoments  of  forces  do  so.  Thus,  if 
two  equal  forces  n  and  R,  Fig  Y,  act  against  each 
other  in  the  same  straight  line  n  R,  bnt  in  op- 
posite directions,  we  correctly  say  that  these  two 
for«efi  are  in  ^uilibrinni,  or  balance  each  other, 
or  prerent  each  other  from  giving  motion  to  the 
body.  Bat  abo  in  the  case  of  a  lever,  one  arm  of 
which  is  say  10  ft  long,  and  the  other  only  2  ft,  w« 
Qsnally  say  that  2  lbs  of  force  at  the  end  of  the 
long  arm,  will  balance  or  hold  in  eqnilibriiun  10 
Sm  at  the  end  of  the  short  one.  But  this  is  not 
scienti&cally  correct ;  for  a  force  of  2  fts  cannot 
possibly  balance  (Hie  of  10  fts.  It  is  actually  tbe 
moment  of  tbe  2  lbs  that  balances  the  mo* 
ment  of  the  10  lbs.  That  it,  2  lbs  X  10  ft  leverage  =  20  ft-lbs,  the  moment  of 
the  2  lbs,  balances  the  10  fts  X  2  ft  leverage  »  20  ft-ibs,  the  moment  of  the  10  lbs. 
As  to  the  two /oroet  2  and  10,  they  are  balanced  by  the  npward  12  B>  reaction  of  the 
fnlcmm. 

Rem.  When  any  number  of  forces  as  mi^n^n^ p,  Fig  T,  in  the  same  plane, 
whether  Mting  throosh  one  point  or  not,  hold  each  other  la  eq«iubriaiB»  then  any  oae  of  tbem.  as  «^ 
is  e<)aal  to  the  resaltant  R  of  all  tberaM;  and  wiU  he  In  tbe  Mune  stia^ht  line  with  it.  hot  wUl  aot 
in  the  opposite  direction.  And  this  is  the  most  ready  metliod  that  sn§»e6ta  it- 
self to  the  writer  for  tietermlnlnff  whether  several  srlTcn  fbrces 
are  In  eqnflllbrlnm  or  not.    Art  36  may  be  used  for  finding  the 

required  resultant  R.  See  Art  40. 
Art.  51«  £%aaUty  of  momentfl.  This  principle  consists  in  the  follow- 
ing: If  anv  nnmber  of  forces  as  a,  6, 
C  a,  Fig  26,  all  in  the  same  plane,  ixA 
acting  upon  a  b<»dy  N,  in  any  directions 
whatever  in  that  plane,  hold  each  other  in 
equilibrium,  then  if  any  point  i  be  taken 
in  that  same  plane,  whether  within  tiie 
body,  or  out  of  it.  tbe  moments  of 
the  fbrces  will  hold  each  other  in  equi- 
librium around  that  point ;  that  is,  the 
moments  of  all  those  forces  (6  and  tf) 
which  tend  to  turn  tiie  body  N  in  a  right 
hand  direction,  (or  like  the  hands  of  a 
watch,)  around  the  point  t,  will  t<^^ther 
be  equal  to  the  momenta  of  all  those  {a  and  c)  which  tend  to  turn  it  around  t  in  a 
left  hand  direction. 

If  the  feur  for<$es  a,  I»,  c,d,  mutually  prevent  each  other  Ax>m  imparting  to  tbe 
body  N,  anr  tendenoy  to  more,  as  a  whole,  in  any  straight  direcUtm  whatever,  they  are  Chemaetree 
in  eqnillbrinm:  and  this  being  the  case,  their  right  and  left  hand  moments 
aromid  tbe  point  i  will  also  be  found  to  be  in  eqailibrfam,  as  shown  below.  And  so  also  with  aay 
ether  point  in  the  same  plane.    Bnl  in  that  ease  the  arms  or  leverages  would  be  ehanged. 


Fiff26. 


Foroes. 

Anns. 

Right-hand  MoaMuts. 

Led-band  Moments. 

b=c4 
d=7.» 

S.» 
5.8 
4.6 
8.111 

18.4 
««.4 

n.4 

1T.4 

40.8  Total. 

40.8  Total. 

Bnt  moments  around  a  point  may  hold  each  other  In  eqni- 
llbrinm eren  when  the  mrees  themselves  do  not  balance 
each  other;  as  in  the  case  of  the  lever  in  Art  50. 

Rbh.  If  any  nnmber  of  foroes  as  <»,  hf  e,  d,  Fi|r  26,  In  the  same 
plane,  whether  acting:  thronirh  the  same  point,  or  not«  hold 
ea<*h  other  in  eqnillbrinm.  they  will  do  the  same  if  they 
all  be  made  to  act  in  the  same  directions  thronirh  one 
point ;  as  A.  B,  0,  D,  through  p. 

Bat  it  does  not  follow,  that  beoaose  foroeH  mav  balanoe  eaoh  other  when  applied  at  one  p(4nt  •,  «k« 
will  do  so  if  appUed  to  a  body  N  at  anif  pointt  tehaUwr,  in  the  same  plane. 
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Art.  5;^  Vli^Al  valorittes.  l^«iMTer  Um  povrer  atd  tte  wt  UUnce 
6Mih  Other,  either  in  a  single  lever,  or  in  a  connected  lystem  of  leverf,  or  levcmgea, 
erf*  any  kind  whatever,  then  if  we  8U|kpose  theui  to  be  put  into  motion  about  theM- 
crum,  their  respective  vels  will  be  in  the  same  proportion  or  ratio  as  their  leverages; 
that  is,  if  the  leverage  of  the  puwer  is  2,  5,  or  oO  times  as  long  as  that  of  the  wt,  tlM 
power  will  move  'i»  5;  or  50  times  as  fast  as  the  wt.  Therefore,  by  observing  thew 
vels,  we  may  determine  the  ratio  of  the  leverages.  Ihe  wt  and  the  power  are  to 
each  other,  therefors,  inveraay  as  their  vels,  as  well  as  inversely  as  their  leverages: 
and  this  is  based  upon  thepHndple  of  virtual  vdodtut ;  and  is  very  important 

Art.  53*  Neither  the  amount,  nor  the  effect  of  leverage  is  changed,  if  the  arms 
<rf  the  lever,  (whether  straight  or  crooked,  or  in  whatever  relative  positions  they  may 
be,)  instead  of  being  in  oue  piece,  and  supported  by  a  single  point  or  edge  as  a  ful- 
crum, as  in  Fig  44,  p  336:  shonki  consist  of  two  separate  pieces  m,  n.  Fig  45,  firmly 
united  to  a  straight  rigid  axle  a  a;, 
of  any  length ;  (usually  placed  at 
right  angles  to  the  levers  m,  n,)  and 
supported  at  two  or  more  points 
/,/.  The  moments  are  then  about 
the  axis,  or  longitudiual  center-lin« 
of  the  axle ;  any  point  of  which 
may  be  regarded  as  the  fulcrum.  It 
is  immaterial  at  what  points  along 
the  axle,  the  lever-arms  m,  n,  may 
be  attached  to  it ;  both  may  be  be^ 
tween  /, /;  or  both  outside;  or 
one  in  each  position.  But  see 
elation,  p  837.  This  is  illustrated  by  the  common  wheel  and  axle.  The 
rad  of  the  wheel,  and  that  of  the  axle,  measd  from  their  common  axis,  ooustltnte 
two  oontinoous  levers.  Also  by  series  of  cog-wheels,  which  we  see  placed  indiflipr* 
ently  at  any  points  along  extended  shafts,  or  axles,  whether  vert,  hor,  or  inclined. 

If  the  levers  m,  n,  are  not  at  right  angles  to  the  length  of  the  axle,  then  their  lever- 
ages, and  not  their  actual  UngUts,  (measd  from  the  center  line  of  the  axle,)  must  evl« 
dently  be  used  in  culcuhiting  the  moments  of  forces  acting  upon  them.  See  Remark, 
Art  49. 

^KM.  Tlie  •nnroptiAn  of  an  Imaffnary  azl«,  er  udii.  m  in  Rem  to  Art  48,  enables  to  Rolve  soeli 
oaiea  •»  this.  The  eutire  load  being  kno«-n  wbieb  ia  Boslalned  bJ  (krM  TMri  aupporto ;  alao  tbe  poal> 
tioD  of  iu  oeo  of  grav ;  lo  find  how  mucb  of  it  ia 
Boatai— d  by  «aoh  of  the  sapperut  Draw  by  aoala, 
a  triangle  a  &  c.  Fig  46.  allowing  in  plan  the  oorrecft 
paaltlon  of  tbe  sapporu ;  and  of  tbe  oen  of  grav  g, 
of  tbe  Bustaiued  load.  Asaome  any  aide,  aa  a  e.  to 
be  an  axis ;  and  from  it  draw  tbe  two  perpa:  ib,  to 
the  oppoaite  angle  h ;  aade  a.  How,  it  la  plain  that 
«  gt  and  i  i,  m%j  be  ooniidered  aa  two  leverages 
from  tbe  auppoaed  axle  a  c.  At  ^  is  placed  tbe  en- 
tire load,  whose  moment  atMQt  the  axis  of  the  axle, 
is  eqnal  to  the  load,  (say  ( toaa.)  malt  by  tha  meaa- 
ared  (by  soale)  length  of  «  y,  sa v  8  ft.  And  tbia 
BMment  (5  X  8  =  40  ft-tena)  is  balanced  by  that 
ef  an  upward  foroe  at  h :  wMab  upward  tbroe  maat 
be  equal  to  th«t  share  of  tb^  lead  whiob  rest*  upon 
h,  inasmnoh  aa  the  two  are  to  equilibrium.  To  Sod 
the  amount  of  the  fbrce  at  h,  we  have  only  to  div 
tbe  moment  (40  ft-ttma)  of  9,  by  the  leverage  ib.ot  tbe  reqd  foroe  h.  Suppose  tbia  found  by  tbe  aoale 
to  be  25  feet;  then  the  upward  foroe  at  b,  ia  ^^  =  1.6  tons ;  and  we  have  iU  moment  about  tbe  axia 
=1.6  X  35=* 40  ft-tona,  the  aame  as  that  of  g.  Therefore  &  aupporta  1.6  tons  of  the  load.  In  pre- 
etsely  tbe  same  manner  we  may  masume  each  side  in  turn  to  be  au  axia ;  and  And  bow  maeli  ia  ana* 
taiaed  at  the  oppoaite  aagla.    The  preaaure  on  eaeh  of  four  legs  eaauot  be  oalonlatad. 

Tbe  Fig  T.  In  which  a  reprenenU  one  end  of  tbe  axis ;  agthe  leverage  e  f  of  the  load  §  i  and  a  a 
that «  b)  of  the  force  b,  will  make  the  principle  more  apparent- 
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Art.  54.  The  principle  of  tb«  lever  mi  Upplfed  to  beams 
restlBiT  npen  two  snpportn.  If  a  body,  Fig.  47,  of  any  kind  (as  a  beam, 
Hgs.  48  to  51,  loaded  unilonnly  or  otherwise,  or  unloaded)  rests  upon  two 
supports,  A  and  B,  whether  these  supports  be  placed  at  its  ends  or  elsewhere ;  it 
foiluws  from  the  foregoing  that  the  downward  moment  of  the  beam  and  its 
load  about  either  one  of  the  two  supports,  is  equal  to  the  total  weight  of  the  beam 


lnig.47 


Fiff-  40 


and  its  load  multiplied  by  the  distance  frow  its  center  of  graTity  6  to  that  sup- 
port: and  that  if  this  downward  moment  be  divided  by  the  spHn,  the  quotieut 
will  oe  the  upward  vertical  reaction  of  the  othtr  support,  or  (wnieh  is  the  same 
thing)  the  load  borne  by  it.    Thus,  in  Fig  47, 


Load  borne  by  A  = 
Load  borne  by  B  = 


downward  moment  about  B 

spans 
downward  moment  about  A 


» total  weight  X 
=»  total  weight  X  - 


spans' 


span  S  "  ""*»'"'  '^  span  « 

Or,  instead  of  first  finding  the  center  of  gravity  of  beam  and  load,  we  may 
treat  each  portion  of  the  load,  as  M  Fig.  48,  separately,  multiplying  it  by  its 
leverage  m.    Thus,  in  Fig.  48  we  have 

8 


Load  OB  B  ■ 
and  in  Fig.  49, 


weight  of  beam  alone  X  r  +  Mm  +  Nn  +  Oo 


Load  on  B  = 


span  8 
weight  of  beam  alone  X  c  +  Mm 


span  8 

To  place  two  sapportM,  A  and  By  so  tbat  eaeb  may  bear  a 
friven  portion  of  the  entire  load  (as  where  a  man  and  a  boy  carry 
«  rail),  we  have  onl v  to  make  the  distances,  a  and  b,  of  the  two  supports  from  the 
center  of  gravltv,  (t.  inversely  as  their  respective  portions  qf  the  load^  Thus,  if  A  is 
to  bear  two-thirils  of  the  load,  b  must  be  equal  to  two-thirds  of  the  span  A  B. 

So  far  as  regards  the  distrihvtion  of  the  load,  it  is  immaterial  what  the  total  span 
amounts  to.  Thus,  If,  as  before,  A  is  to  bear  two-thirds  of  the  entire  load ;  a  and 
b  may  be  respectively  10  feet  and  20  feet,  or  3  inches  and  6  inches,  etc,  etc^  pro- 
vided only  that  b=^2a. 

If  in  ^ig  49  A  we  draw  the  vertioal  line  e  e  equal  by  aeale  to  the  eonoentrated 
load  w  at  that  point,  and  ed,  e  o  horizontal  and  each  equal  to  the  span  «,  and  join 
ed,eo,  then  the  lengths  of  the  vertical  lines  a  i  and  o  m  will  give  by  the  same 
scale  the  portions  of  w  borne  by  the  supports  A  aud  B  respectively. 


./ 


X 


/'^ 


d^: 


jJM 


-*^ 


FigA9A 


Fiff.49B 


The  same  principle  is  applied  to  cases  of  two  or  more  loads  (Fig.  49  B).  Here 
the  engine  load  upon  A  is  the  sHtn  of  a  i  and  a  t>,  aud  that  upon  B  is  the  sum  of 
b  m  and  b  n.  Or  we  may  suppose  the  engine  to  be  moving,  as  shown  by  the  arrow, 
and  A  and  B  to  represent  one  and  the  same  support  (as  a  pier  of  a  bridge  or  trestle) 
at  ttvo  different  moments  of  time,  via. :  A  b^ore  and  B  after  the  engine  has  passed  it 
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In  t  he  case  of  a  u ulform  beam,  whether  u nl^Mided  or  -vrith  either  a  uniform  or  a 
eentral  load,  or  in  any  other  case  where  the  eommon  eenter  of  g^rav- 
tty  of  beam  and  load  is  at  the  eenter  of  the  span,  the  two  sup- 
ports evidently  bear  equal  loads,  each  equal  to  half  the  total  weight  of  beam  and 
load. 

In  an  inclined  beam,  A  B,  Fig  50,  although  the  Aort^onto/ disunces  Ac,  AdL 
Ab,  are  of  course  the  true  leverages  of  the  several  vertical  forces  of  the  loads  and 
of  the  support  B  about  the  6ther  support  A,  yet  it  is  immaterial  in  these  calcula- 
tious  whether  we  use  these  horizontal  distances,  or  the  corresponding  inclined 
distances,  AC,  AD,  A B,  measured  along  the  beam  itself  (provided,  of  course, 
that  we  use  OTUy  the  horizontal  ones  or  only  the  inclined  ones) :  for  the  latter  are 
evidently  in  tlte  satne  proportion  to  each  other  as  the  former.    Thus : 


Y^  =  -T-.  and  ~-  =  ~-     This  applies  only  to  the  distnbuHon  of  the  load 

between  A  and  B.    See  p.  480  and  Art.  15,  p.  496. 

In  any  beam,  having  found  the  portion  of  the  load  borne  by  either  one  of  the 
two  supports^  we  have  merely  to  subtract  that  portion  from  the  total  load,  and 
the  remainder  is  the  portion  borne  by  the  other  support.  Hence  it  matters  but 
little  which  of  the  two  support-s  is  taken  as  the  fulcrum. 


Fig.  50 


Fig.  51 


In  Fisrs.  51  the  uniformly  loaded  beam  AB  rests  at  one  end  A  upon  a 


horizontal  step,  and  is  supported  at  another  point  B  by  an  inclined  strut  or 
chain  O  B.  The  center  of  gravity  of  beam  and  load  is  at  G,  nnd  their  downward 
moment  about  the  step  A  is  equal  to  their  total  weight  multiplied  by  the  hori- 


zontal distance  G  A  from  their  center  of  gravity  G  to  the  step  A.  The  vertmd 
load  upon  the  strut  or  chain  would  be  found  (as  before^  by  dividing  this  down- 
ward moment  of  the  beam  and  load  by  the  horizonial  distance  or  span  AB  from 
the  step  A  to  the  point  B  where  the  strut  or  chain  is  attached ;  or 

AG 


Vertical  load  on  strut  or  chain  =  weight  of  beam  and  load  X 


AB' 


and  if  the  strut  or  chain  were  vertical,  this  would  be  all  the  stress  it  would 
sustain,  since  the  leverage  with  which  it  resisted  would  then  be  the  horizonliU 
dis  ance  A  B.  But  a  strut  not  fastened  at  its  ends  or  otherwise,  or  a  chain,  can 
resist  only  in  the  direction  of  its  length;  and  its  leverage  A  «  is  necessarily  at  right 
angles  to  that  direction.  Tn  the  inclined  strut  or  chain,  this  leverage  is  evi- 
dently shorter  than  the  horizontal  distance  A  B.  But  by  thus  shortening 
the  leverage  with  which  it  reacts  against  the  downward  moment  of  the  load,  we 
increase  the  stress  which  it  must  exert  in  order  that  its  resisting  moment  may 
be  equal  to  the  downward  moment  of  the  beam  and  its  load ;  or,  since 

stress  in  strut  or  chain  x  At  =  weight  of  beam  and  load  X  A  G, 
w»have,  for  the  stress  in  the  inclined  strut  or  chain : 


Stress  =  weight  of  beam  and  load  X 


AG 


which  is  evidently  greater  than 


AG 


Vertical  load  at  B  «=  weight  of  beam  and  load  X'^g* 


yVjOOgle 
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We  may  now  •xuoiBe  the  rigid  half-areh  and  qMndrel  of  p.  881  by  meaof  of 
the  principle  of  the  lever ;  assuiniag,  as  in  Art.  38,  that  the  several  sUmee  eom- 
posing  the  half-arch  cj  r  d  and  the  spandrel  cdn  are  bo  firmly  bonded  wtth  each 
other  that  the  arch  and  spandrel  U^ether  act  as  one  rigid  body  ejrdn,  with  ita 
center  of  gravity  at  g,  and  supported  only  at  cj  and  r  d.    Here, 

downward  moment  of  body  ejrdn^  weight  of  body  X  *"{ 
and  the  leverage  of  the  horizontal  resist- 
ing force  A,  at  cJ,  is  r  e.    Hence, 


horizontal 
pressure  h 


^  weight        tr^^ 
'  of  body      re 


iJi^ 


8 


10 


Rem.  1.  This  process  will  not  give  pre- 
cisely the  same  result  for  the  horizontal 
force  h  as  that  on  p.  331,  exc  pt  in  the 
ima^nary  case  of  an  arch  resting  upon 
a  pmtU  at  the  center  j/  of  the  skewback ; 
because  in  Fig  2:2%  we  assume  that  the 
resultant  c  /  of  the  pressure  of  the  arch 
passes  through  that  point  and  not  through 
the  edge  r,  Figs.  52. 

Rkm.  2.    Here,  as  in  Fig.  22%  p.  331, 
the   fact   that   an    actual   arch   cannot 
always  be  regarded  as  a  single  rigid  body 
materially  modifies  the  aoplication  of  the  principle  in  practice,  especially  where 
the  rise  of  the  arch  is  great  as  compared  with  the  span. 

RxM.  a.  Under  the  head lererAse.  may  be  elMaed  the  tread-wbeel;  wInAmM  and  lever;  eapetui 
aud  lever;  aud  all  axles  toroed  bv  a  winch  or  by  a  crank ;  such  as  the  dram  and  winch  with  which  a 
water-bucket  is  raised  from  a  well,  Ac.  Tbey  are  all  merely  continnone  simple  levers,  of  which  the 
axis  is  the  fulcrum ;  tbe-rad  of  the  circle  described  by  the  power  is  one  arm,  and  the  nd  of  tbnt  de- 
scribed by  the  shaft,  drum,  4e,  is  the  other. 

Rem.  4.     Compound  levers,   a  a,  hby  cc,  Fi^  52^,  may  be  used  whore 
there  is  not  8pace  for  the  arms  of  a  single  lever  of  sufficient  power.    They  need  not 
extend  in  one  line ;  but  may  be  placed 
one  over  the  ether;  or  in  snch  other  po- 

sitions  as  may  be   convenient.      Their  ^  '         (S  - 

effect  is  much  greater  than  the  combined 
effects  of  the  three  simple  levers,  and  is 
found  thus :  As  the  product  of  the  weight* 
arms,  2X1X3  =  6;  is  to  that  of  the 
power-arms,  10X8X7  =  660;  soiathe 
power  to  the  weight ;  or,  as  6 :  660  : : 
I'  1  :  W93U.  These  arms  are  meaad  in 
all  cases  from  the  fuicrum;  whii-h  is 
sometimes  at  the  end  of  one  or  more  of  f* 
the  levers,  when  compounded ;  see  Fig  44. 
The  combined  effects  of  the  three  simple 
levers  would  be  but  6  +  8  +  S^»  16^;  or  P 1,  W  1^ 

A  series  or  truin  of  tootbed  pinions  and  wheels*  woritiof  tntoeMh 

other,  is  roerelv  a  series  of  Continuous  compound  levers.  These  are  generally  aet  in  motion  by  a 
winch- handle,  the  rad  of  which  is  the  first  leverage  of  the  series ;  while  at  the  other  end  of  the  train 
the  wt  is  usnally  aospended  from  a  drum,  the  rad  of  whioh  ta  tb»  last  levenge.  To  And  tiM  effect. 
mult  into  one  prod  the  radii  off  the  winch  and  of  the  wheels,  and  into  another  prod  the  radii  of  the 
piuions  and  of^  the  drum ;  then,  as  the  last  of  these  prods  is  to  the  first,  so  is  the  power  to  the  wt. 
as  in  the  preceding  case. 

In  both  the  foregoing  cases  of  onmponnd  leverage,  ai  in  nil  ether  eaaee  whatever  of  leveraffe.  ibe 
vel  of  the  wt  is  to  that  of  the  power,  as  the  power  itsdf  is  to  the  wt;  thus,  in  Fig  bt%,  the  wt  wiU 

move  only  — —  part  as  fast  as  the  power ;  or  the  power  matt  deaoend  93^  inehee.  In  order  to  r«toe 

the  weight  1  inch ;  on  the  principle  of  virtual  vels.    See  Art  52. 

Rbm.  6.  The  Serew  is  a  combination  or  leverage,  with  an  Inclined  plane;  a  spiral  NcWaad 
plane  being  formed  by  th«  threads  of  the  screw.  While  the  power  applied  to  the  lever  which  tarns 
the  screw  moves  around  an  entire  circle,  the  body  moveN  only  the  diKt  between  the  centers  of  two 
threads :  and  since  in  all  mechanical  contrtvanees,  the  wt  is  t«  the  power  as  the  vel  of  the  pover  ia 
to  that  of  the  wt.  so  In  this  case.  thKoreHcaUy,  the  wt  is  to  the  power,  as  the  entire  eircnmf  of  the 
eircle  described  by  the  power,  ia  to  the  diss  between  the  centers  of  two  threads ;  bat  In  praetiee,  the 
f-ictlon  of  the  screw  (wbieh  under  heavy  loads  becomes  very  great)  has  also  to  be  overeome  by  the 
power ;  and  this  fact  makes  the  calculations  of  but  little  use. 

,  The  Pulley*  also,  when  a  fixed  one.  is  referable  to  leverage.    In  the  Jkeed  pulley  A.  FIf 

^  ?'H-  tiMsre  is  no  gain  of  power ;  for  here  the  diam  a  »  is  a  lever  of  two  equal  artaa.  revolvinn  amnad 

Its  fulerom  at  the  center  of  the  pulley.    Coaaeqnentiy,  the  wt  and  the  power  have  oqoal  levcragaa; 

Digitized  by  VjVJ^ V  IC 


i     %^«i 


FOBCE  IN  BIOID  BOIHEB. 


848 


•Mb  •qsAl  to  llM  rsd  «r  lk« 


:  iis^.xi 


i/ 
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P  mutt  alM  be  1  ioD ;  for  If 
of  tbea  moTM,  th«  otbrr  9iwl 
'  '  '  iB«T«  with  the  MM* 
»  rmt§»  Ml*  wi,  the  peirar 
;  MMaid  ibft  Wi;  b<imw— 
WMue  UMTMUUd  fbra«  i»  rw> 
qaired  to  clre  motion,  a*  well 
as  to  orereooie  tbe  rHettoo  of 
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this  prineipie  alone.    They  will,  bowevar,  be  ioeorreet  in  praoti«e,  on  aec( 
alinded  to.    la  Pig  btH,  vbere  onl/  one  rope  is  used,  the  lower  pnlUj-blooli 

is  atuohed,  is  direcUy  upheld  br  the  faro  parts  d/and  tgot  tbe  rope.  Conavquvauv  c«u  wi  uiom 
parts  is  equally  strained.  8iace  both  paru  are  vertical  the  strain  on  each  is  that  due  to  a  force 
equal  to  one  half  the  wt* ;  and  since  tbe  whole  single  rope  U  theoieUeally  strained  to  (he  same  ex. 
tent,  that  part  of  it  to  which  the  power  is  applied  must  be  strained  equal  to  half  the  wt  W ;  or.  in 
otber  words,  tbe  power  iUelf  must  be  equal  to  half  the  wt,  and  will  move  twice  as  fiut,  and,  of  coutee, 
twice  as  ikr  in  the  same  time. 

In  Fig  5S  tbe  lower  puileyblock  ty  is  sustained  directly  by  the  4  parts  ee  e  e  of  the  single  rope  : 
therefore,  each  part  of  tbe  rope,  and,  consequently  the  whole  of  it,  is  equally  strained  by  a  force  equal 
to  H  of  tbe  wt  W ;  and  the  power  P  must  be  s  (be  saaia  H,  and  will  move  4  tioMe  as  fast  as  the  wt, 
or  4  times  as  far  in  the  same  time.  It  is  immaterial  whether  tbe  two  pullers  in  tbe  lower  block,  Pig 
53.  be  placed  one  above  tbe  other,  as  shown,  or  (as  usual,  and  more  eonrenlent),  side  by  sMe ;  so  slao 
with  those  in  the  upper  block.  If  there  were  S.  4.  or  5.  Jm.  pulleys  in  eaoh  block,  then  there  woaU 
be  6,  8.  or  10  sustaining  parUi  c  e.  ko,  of  rope,  each  stretched  M|val  to  ^,  |.,  er  ^X  of  the  wt  W ; 
and  the  power  would  also  be  in  the  same  proportions  to  the  wt;  Ib  ather  words,  to  And  the  th«ereC« 
teal  proportion  of  the  power  to  the  wt,  wbeu  there  la  but  one  rope  threugbeat,  as  In  Pig*  ttK  aod 
SS,  divide  1  by  tbe  number  of  parts  eee  e  of  rope  which  directly  sustain  the  lower  block.  In  flg  58 
the  number  of  parts  is  4.  When  more  than  one  rope  is  used  in  a  system  of  pulleys,  the  principle  Im 
the  same  as  alMve,  but  the  rule  must  be  diflterently  worded,    flee 

Fig63H- 
Here  the  lower  hloek  y  h,  with  iu  attaciied  wt  of  eay  4  tons,  U  dlraetlT 


•nstained  by  the  two 
part  has  a  strain  of  ' 


ty  4  tons,  la 
o  parts  a  and  e  of  one  rope.    Ooascqaentlr,  each 

^     H  the  wt,  or  2  tons ;  whiob  is  nniform  throogbnot 

that  rope.  But  all  the  2  tons  strain  on  the  part  e  Is  sustained  by  the 
honk  a :  while  that  on  the  part  a  Is  sustained  br  the  two  pans  is  and  m 
of  tbe  other  rope :  each  of  which  plainly  sustains  one  half  of  it.  or  1 
tnn,  which  is  unifnrm  throughout  this  seennd  rope  to  its  rery  end. 
Therefore  tbe  power  also  is  1  ton,  or  %  of  the  wt  W.  The  mode  of 
proceeding  Is  the  same,  whaterer  ma?  be  the  number  of  moraMe  pul- 
leys. To  find  the  theoretical  proportion  of  the  power  to  the  wt.  mult 
together  onntinuonsly  as  many  2s  as  tiiere  are  roorable  pulleys,  and 
dtr  1 1>y  the  prod.  Thus,  here  we  hare  two  morable  pnlters.  and  2  X 
2  =  4;  and  <k(  ^  the  answer.  If  there  were  4  morable  pulleys,  we 
■hould  have  2  X  2  X  t  X  2  =  it;  and  ^  =  answer. 

In  all  ear  fl«cs.  that  end  of  tbe  mpe  to  which  the  power  PI  Is  applied 
is  repreeented  as  hanging  rertically.  and  parallel  to  the  other  parts  of 
the  rope ;  but  ibis  was  done  meiely  because  tbe  power  Is  suppoaed  to 
be  a  iMight,  and  of  course  acting  rert.  Rut  if  the  power  Is  mnscniar 
force,  or  any  other  kind  that  may  sot  in  any  direction  whatever,  then 
tbe  power  end  of  tbe  rope,  as  lan.  Fig  SS.  may  have  that  direction  in 
which  it  is  most  eonrenlent.  The  amount  of  power  required  wflF  not 
be  thereby  changed ;  for  it  is  plain  that  lererage  from  the  center  of  the 
pulley  on  torn,  when  the  power  is  at  is.  and  acting  in  tbe  Inelined  di- 
rection of  tbe  rope.  Is  equal  to  that  tram  the  same  center  to  o,  when  the 
pow^  Is  at  P,  and  acting  rert. 

•  If  tbe  two  parts,  <2/and  eg,  of  the  rope  were  indined,  the  strain  on  each  would  be  greattr  than 
hftlf  W.  as  at  a  c,  ao,  Big  6,  p  845. 
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THE  CORD  OR  FUNICOtAR   MACHINE. 


THE  COED  OE  FUNIOULAE^MAOHINE. 

Art.  1.  Some  allusion  to  this  subject  has  already  been  made  on  page  325^ 
which  see.  Theory  requires  that  the  cord,  rope  or  string,  <&c,  shall  be  ab* 
BOliitely  flexible,  inextensible,  frictionless.  without  weight,  and  infinitely  thin  ; 
and  that  such  pulleys,  posts,  pins  or  pegs,  loops  or  rings  as  may  be  used  with  the 
cord  shall  also  be  absolutely  frictionless ;  and  at  times  devoid  of  weight  unless 
said  wt  is  included  in  one  of  the  acting  forces.  These  assumptions  cannot  of 
course  be  realized  in  practice,  which  however  will  agree  with  theory  in  propor- 
tion as  we  approximate  to  them ;  and  this  we  can  frequently  do  so  far  as  to  render 
the  theory  of  great  use.  We  know  Uiat  all  cords  have  wt  and  thickness,  and  can 
be  stretched ;  and  that  so  tax  from  being  flexible,  they  may  require  very  con- 
siderable force  to  bend  them  around  pulleys,  posts,  pins,  <&c.  Tney  also  possess 
friction.  Also  that  all  pulleys,  pins,  sliding  rings  or  loops  <&c,  have  more  or  leas 
friction;  which  when  there  ire  many  of  them,  may  entirely  vitiate  all  calcu- 
lations. A  pulley  has,  in  iteelf,  no  advantaire  ower  a  smoetlft 
ey  llndrieal  pin,  or  post  (as  the  case  may  Bie)  except  that  its  friction  being 
a  rolling:  one,  is  less  than  the  slidinjr  friction  whicn  takes  place  between  a 
cord  and  a  pin,  Sm.  Therefore  in  what  foUows  we  may  usually  (so  £ar  as  theory  is 
concerned)  substitute  one  for  the  other. 

Bern.  It  will  be  seen  that  the  principle  of  the  cord  serves  for  finding  the 
•trains  on  the  ropes  of  the  difierent  systems  of  pull^s. 

Art.  8.  Assuming  then  such  a  theoretical  cord,  pulleys,  pins,  Ac,  all  devoid 
of  friction,  the  broad  principle  of  the  cord  is  that  any  force/,  Figs  1, 
imparted  to  either  end  ot  a  ooid  (whether  the  cord  be  straight  as  /^  or  /c  ;  or 

l)ent  out  of  its  course  as/6  by  any  num. 
her  of  frictionless  pulleys  or  pins  as  n  r 
mi,  (Skc,  however  placed)  is  all  trans- 
mitted along  the  entire  cord  to  its  other 
end,  straining  it  uniformly  in  every 
part,  so  long  as  the  cord  is  in  equilib- 

^  rium;  for  (Fig.  6)  the  reaction  5  A  of  the 

Af  \  ^^       ^  pin  or  pulley  acts  through  its  center,  z ; 

^  "         — .     -  and,  in  order  that   equilibrium   may 

'*»*^  exist,  the  righi-haad  moment  of  the 

force/)  and  the  fe^-hand  moment  of  the  force  »  about  zmusl  be  equal  (Art.  51 ,  p. 

H38) ;  and  since  their  leverages  about  z  are  equal  (=  radius  zr),  the  forces  p  and  *, 

and  consequently  the  tensions  in  the  two  parts  of  the  cord,  must  be  equal. 

If  at  any  one  of  the  pulleys,  pins,  <fcc,  as  m,  we  make  mo,  ma,  each  equal  to  the 
force  at  either  /or  e,  and  complete  the  naraUelosram  modaof  forces,  then  the 
diagonal  or  resultant  d  m  wUl  give  both  the  direction  and  amount  of  strain  which 
the  cord  produces  on  that  pin.  This  strain  will  differ  at  the  several  pins  ac- 
cording to  the  angles  formed  bv  the  two  components ;  and  may  thus  be  greater, 
or  less,  or  equal  to  the  force  at/or  e. 

Bern.  With  theoretical  cords,  pulleys,  pins,  Ac,  the  two  comiKments  mo,  ma 
at  any  pin  will  always  form  equal  angrl^s  with  the  resultant  in  d;  and 
upon  this  fact  the  prineiple  of  the  eo*d  depends. 

Art.  8.  The  principle  of  the  cord  applies  also  when  as  in  Figs  2,  8,  4,  a  load 
or  third  force/  is  imparted  between  the  ends  of  the  cord  as  at  o,  by  means  of 


a  frictionless  pulley,  ring  or  loop  which  can  move  alone  the  cord  with  perfect 
ease.  If  such  a  pulley,  ring  or  loop  be  first  placed  upon  the  cord  near  m  or  n,  it 
will  with  its  load  or  other  force  move  down  along  the  steepest  pari  of  the  cord 
until  it  comes  to  rest  at  that  point  a  at  which  a  m  and  a  n  form  equal  ansrles 
bae,b  ao  with  the  direction  a  6  of  the  force/.  If  both  ends  m  n  of  the  cora  are 
at.  the  same  heii^ht,  and  the  force/  a  load  and  of  course  acting  vertically, 
then  a  will  be  at  the  middle  of  the  cord ;  but  if  the  ends  are  at  differeiit 
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li«i|rlita  as  in  Fig  2,  firom  either  of  fhem  as  n  draw  a  Tertieal,  as  it  x;  and  from 
the  other  one,  as  m  laj  off  the  whole  length  m  x  of  the  cord ;  bisect  n  x  at  e,  and 
draw  e  a  horizontal ;  a  will  be  the  required  point. 

If  we  draw  a  6  to  diow  both  the  direction  and  the  aaooat  of  the  forat/  and 
complete  the  parallelogram  ft  e  a  o  of  forces,  then  elU»er  a  c  or  its  equal  a  o  will 
giro  the  uniform  strain  which  /  produces  from  end  to  end  (m  to  n)  of  the  cord. 
Froia  which  it  is  plain  that  a  force  equal  to  ac  or  a  o  may  beoonsidared  to  be  im- 
wurted  at  each  ena  m,  »,  of  the  cord,  and  there  to  react  against  a  c  and  a  o,  there- 
by straining  the  cord  uniformly  throughout. 

Hem.  !•  Precisely  the  same  result  will  follow  if  one  or  both  of  the  ends  m, 
«,  instead  of  being  fixed  or  fastened  at  those  points  as  is  supposed  In  Figs  2  and  8, 
are  continued  as  at  m.  Fig  4,  orer  a  frictlonless  pulley  or  pin,  and  prolonged  either 
wertieally  as  m  2,  in  which  case  it  will  sustun  a  load  or  rertical  force  I  eoual 
to  a  o  or  a  e;  or  in  any  other  direction  as  m  «  or  m  «,  in  which  case  it  will  sustain 
at «  or  e  a  pull  equal  to  a  o  or  a  c  acting  in  said  directions.  And  the  same  will 
take  place  if  one  or  both  ends  as  n,  Fig  4,  be  extended  orer  or  under  any  Bam- 
Iber  of  such  pullevs  or  pins,  (no  matter  what  angles  they  form)  say  to  v.  The 
strain  at  v  will  still  be  equal  to  a  e  or  a  o,  and  will  be  uniform  from  r  to  /.  Tlie 
Mtraln  on  any  pulley  or  pin  may  plainly  be  found  as  in  Art  2. 

Rem.  2.  If  we  know  the  angles  hao.hac,  and  the  force  or  resultant  a  ft, 
we  ean  ealenlate  tbe  strains  or  components  a  o,  a  «;  or  knowing  the 
angles  and  components  we  can  calculate  the  force  a  ft,  all  by  the  formulas  in  Art 
45,  p  334,  which  are  based  upon  plane  trigonometry,  which  enables  us  to  find  un- 
known parts  of  a  triangle  when  certain  other  parts  are  given. 

Rem.  3*  If  tbe  anyle  m, a,  n.  Is  120<^,  each  component  ao,ae,  will  be 
equal  to  tbe  resultant  aft;  if  it  is  less  than  120°,  each  component  will  be  less  than 
the  resultant ;  and  vice  versa. 

Art.  4.  A  little  reflection  wiU  enable  the  student  to  see  that  this  Art  is 
merely  a  farther  illustration  of  the  preceding  ones.  In  Fig  5  a  load  «,  or  any 
equal  vertical  pull  will  strain  the 
strings  s  a  and  e  v  each  to  an  amount 
equaithe  load,be«ansetliey  botb 
aet  In  Its  own  direction.  If 
the  parts  m  a,  0  a  of  the  cord  atnng 
•  which  passes  over  the  f 


i  pulley  or  pin  «  were  also  vert- 
ical, each  of  them  would  be  strained 
equal  to  one-balf  the  load  s;  but 
they  are  not  vertical,  and  if  we  make 
a  ft  to  represent  s,  and  complete  the 
pandlelogram  boae,  we  shall  fi  nd  that 
tlje  resulting  strains  ac^ao  are  each 
rather  more  than  hall  of  «;  and 
they  will  increase  if  the  angles  at  a 
increase;  and  may  be  ealealated 
by  the  formulas  i,a  Art  45,  p  331. 


i  FUr-5. 


In  Fig  5  we  had  the  force  «  or  a  ft  given  as  a  resultant,  and  firom  it  we  found  its 
tvo  components  or  strains  ao.ae.  In  Fig  6  we  have  the  two  components  hm.h 
g  given,  (each  evidently  equal  to  the  load  *)  and  from  them  we  deduce  the  result- 
aut  h  ft.  which  represents  the  strain  on  the  pulley,  and  on  tbe  string  z  to.  It  is 
^ain  that  this  string  cannot  be  vertical  as  s  t;  is,  but  must  (as  s  v  does)  adjust  it- 
self to  the  direction  of  the  force  or  resultant  which  pulls  it.  If  the  load  s  is  the 
same  in  both  Figs,  we  see  that  the  pull  on  s  11;  will  be  about  twice  as  great  as  on 
tv;  and  the  one  along  the  cord  smgp  about  twice  as  great  as  that  alongam  ny  a. 
This  difference  will  of  course  varv  with  the  angles. 

Rem.  1.  Let  <,  Fig  6,  instead  of  the  load  there  represented,  be  a  suspended 
man  weighing  200lbs,  and  holding  ma^ga  together  at  a  with  both  hands ;  or  let 
m  a  and  g  a  both  hang  wertleally  from  the  pulley,  and  let  him  hold  their  lower 
ends  apart  by  one  hand  at  each  ena.  Now  if  each  part  of  the  rope  will  bear  but 
a  little  more  than  100  lbs,  and  zva.  little  more  than  200  lbs,  he  will  be  safe  from 
fiUling.    But  if  he  lets  go  one  end  of  the  rope,  patting  it  into  the  hands  of  an- 
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ottier  man  standing  by  to  bold  it ;  or  if  he  hooks  one  end  to  a  projecting  splike  t|k 
a  wall  close  at  hand,  the  rope  will  break,  and  he  will  fall,  because  lie  at  once 
doubles  the  strain  along  both  the  ropes  amnga^  and  t  v. 

Rem.  9.  Fiff  7  shows  a  device  by  which  boatmen  sometimes  haul  a  boat  out 
of  the  water,  and  up  on  to  the  beach,  at  a  landing,  when  it  is  too  heavy  for  their 
unaided  efforts.  The  rope  emxtiftistobe  considered  as  horizontal  in  this  case. 
One  end  b  being  ft»tened  to  the  bow  of  the  boat,  the  rope  is  carried  past  one 
smooth  post »,  to  another  at  m,  around  which  it  makes  a  whole  turn ;  and  a  man 
stands  at  that  end  e  to  take  in  the  slack  while  the  others,  taking  hold  of  the  rope 
midway  between  m  and  %  pull  it  into  a  position  m  a  n  in  which,  if  tlie  aMKie 
man  exceeds  12<F«  (see  Rem  3,  Art  3)  each  component  an,  a  mot  their 
force  exceeds  said  forcA  itself;  and  a  strain  equal  to  one  of  these  components  (except 
00  Tar  as  it  may  be  reduced  by  tbe  rigidity  of  the  rope  and  by  its  frictiou  against  tlie 
post  n)  is  trausniitted  uniformly  to  the  boat  6,  drawing  it  a  short  distance  up  tbe 
beach.  Tlie  rope  is  then  straightened  again  from  m  to  »  by  taking  iu  tlie  slack 
at  e,  and  the  operation  is  repeated  as  often  as  necessary. 

To  find  the  strain  am  or  an,  divide  the  force  by  twiee  the  nat  codne 
of  the  angle  x  a  n,  or  z  am.    Or  to  find  how  many  times  the  strain  exceeds  the 
force  divide  the  distuice  a  n  by  twice  the.distance 
a  X.    Here  a  x  represents  only  half  the  force,  or  half 
the  diagonal  or  resultant  of  a  m  and  a  n. 

Tbe  force  of  a  man  nulling  by  Jerks  at  :t  or  a 
will  average  between  30  and  80  9*a 
Art.  5*    We  will  now  dispense  with  tbe  ftrio- 
mg  -r         m       tionless  pulley  required  by  the  principle  of  the 
"*  *      *>B      cord,  and  which  would  of  itself  roll  along  the  cord 
until  it  came  to  rest  at  a  point  which  would  cause 
equal  anirles  and  consequently  uniform  strain  throughout    We  will 
auiistitute  for  it  a  tlybt  knot  wblcb  cannot  slide*  at  a  point  a.  Fig  8, 
which  causes  nnequid suifTl®* bamyban,  be- 
tween the  direction  a  ft  of  the  force  /,  and  the  two 
parts  a  m,  a  91,  of  the  cord.    Here,  completing  the 
parallelogram  boao,we  find  that  the  part  a  n  of  the 
cord  is  strained  to  an  amouut  denoted  by  ac;  and 
that  same  strain  would  aflfect  any  extenmon  of  the 
cord  OM  I  bat  side,  like  that  to  v.  Fig  4.    The 
part  a  m  would  be  strained  liqual  to  a  o ;  and  that 
strain  would  continue  to  the  end  m,  or  to  the  end 
of  any  extension  of  tbat  part.    Henoe  tbe 
strain  is  not  uniform  from  end  to  end  of 
the  cord,  as  it  would  have  been  if  the  knot  had  been 
firlctionless:  in  which  case  it  would  have  slid 
along  the  cord  until  the  angles  would  be  equal. 

Rem.  I.  But  even  in  this  case  of  a  tl^bt  knot  at  a,  there  is  always  one 
direction,  Bat  as,  in  which  the  force  can  be  imparted  so  as  to  cause  equal  an- 
Ifles  «  am,  <  an,  with  the  direction  a  «  of  the  force  t,  and  then  the  strain  will  be 
uniform  from  end  to  end,  as  if  a  frictiouless  pulley  had  been  used. 

Rem.  2.  With  a  tight  knot  at  a  it  is  plain  that  a  force  may  be  imparted 
there  from  any  direction  as/o,  ia  &c  If  tbe  direction  coincides  with 
eltber  part  a  m,  or  a  n  of  tbe  rope,  that  part  will  bear  all  the  strain  ; 
the  other  part  remaining  entirely  free. 

Rem.  3.  From  Rule  1,  p  150,  for  drawing  an  Ellipse,  it  will  be  seen  that  at 
whatever  point  as  a,  Pig  8,  we  apply  force  to  an  inextensible  cord  nam  with  fixed 
ends,  that  point  will  be  in  the  circumference  of  an  ellipse,  the  fbci  of  which  are 
at  the  ends  m,  n. 
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Art.  55  (»)•    PanOIsl  liprMs,  m  a.  ^  e.  efco^  Fig.  1,  are  ihoM  wbote  dirto- 
tions  (whether  opposite  to  one  soother  or  not)  are  parallel. 
Ajb^  tivro  painalleA  ftoveea  naaat  cTldepatljr  lie  la  the  eanae  planet 

that  is,  the  same  flat  Bur&oe  could  coincide  with  both  of  them ;  but  three  or  more 
parallel  foroea  may  or  may  not  be  in  the  aame  plane. 


P'lff. 


"Hias,  a  and  h  are  in  one  plane,  a  x ;  and,  in  whatever  poaltions  a  and  h  may  ho 
pla3ed,or  at  whatever  distance  from  one  another,  so  long  as  they  remain  parallel 
we  can  always  find  some  one  plane  which  coincides  with  both  of  them.  8o  alao  the 
two  forces,  6  and  c,  or  6  and  d,  or  e  and  <!,  are  in  one  plane  d  x,  while  a  and  e  are 
in  the  one  plane  a  y.  And  the  three  forces  6,  e  and  d^  are  in  one  plane  d  z.  But 
the  three  forces,  a,  6  and  c.  are  not  in  anr  one  plane,  and  no  single  plane  can  be 
found  that  will  coincide  with  all  three  of  them. 

The  force  6  is  at  once  in  the  two  planes,  a  x  and  e  x.  Indeed,  we  may  oonceire 
of  any  number  of  planes  intersecting  each  other  in  the  Une  6  x ;  and  the  force 
b  will  be  in  each  or  these  planes. 

Forces  in  the  same  plane  often  act  in  opposite  directions.    Thus,  e  is  not  only 


in  one  plane  with  /,  which  acts  in  the  mme  direction,  but  is  also  In  one  plane 
with  any  one  of  the  forces,  a,  6,  etc.,  which  act  in  the  opposite  direction,  ^¥lth 
e,  it  is  not  only  in  the  same  plane^  but  also  in  the  same  tme. 


We  most  not  confound  actins  in  one  plane  with  acting  imon  <Nr  against  one 
plane.  Thus,  all  the  forces  in  Fig.  I  act  agaiuet  or  upon  the  plane  m  n,  but  none 
of  them  act  in  it,  nor  do  they  all  act  in  any  one  plane. 

(b).  When  forces  a,  b.  etc..  Fig.  2,  are  applied  to  a  body,  their  tendencies  to 
move  it  are  in  the  directions  of  their  imparted  componenta,  a',  6',  etc,  or  compo- 
nents at  right  angles  to  the  surface  mn,no,  etc.,  of  application.  See  Art.  25,  p. 
S18  e.  In  order  that  these  components  may  be  parallel,  it  is  not  necessary 
that  the  forces,  a,  b,  etc..  should  be  parallel,  but  only  that  tney  be  appHed  either 
to  the  same  or  to  parallel  surfhces.*    Thus,  the  forces,  a,  b,  e,  d,  e,  and  /  Fig 


2,  are  parallel ;  but  the  surfaces  m  n  and  n  o,  to  which  b  and  e  are  applied,  are 
not  parallel.  Hence  the  tendencies  of  b  and  e  to  move  the  body,  as  indicated  by 
their  imparted  components,  b'  and  c'  are  not  parallel.  But  a  and  b  are  applied 
to  the  same  surface  m  n.  Hence  their  imparted  components  a'  and  6'  are  parallel ; 
and  the  same  is  true  of  «  and/  and  of  d  and  h.  Also,  the  imparted  components, 
of  and  d',  of  a  and  d  are  parallel,  because  a  and  d  are  applied  to  parallel  planes 
mn  and  o s ;  and  the  same  is  true  of  e  and  e  and  of  a  and  /u 


♦In  practice  this  is  often  modified  by  the  firiction  at  the  Surflwe.    See  Art.  25, 
p.  818e  and  Art  63,  pp.  354  and  355. 
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RBSUl^TANT  OF  PARAIOiilBPI^  FORCBS. 

Art.  56  (a).    Tike  resultent.  at  nnjr  number  9t  parallel  fbree% 

whether  they  are  in  the  same  plane  or  not,  and  whether  in  the  same  direction 
or  not,  is  parallel  to  tlieiu.  if  they  all  act  in  the  same  direction,  whether  in  the 
same  plane  or  not,  their  resultant  is  equal  in  amount  to  their  sum;  or,  in  other 
words,  an  antiresultaut  force  sufficient  to  balance  them,  must  be  equal  to  all  the 
forces  added  together.  But  if  they  are  in  opposite  directions,  their  resultant 
will  be  equal  to  the  ditferenca  between  the  sum  of  those  which  act  in  one  direc* 
tion,  and  the  sum  of  those  whi(;h  act  in  the  opposite  one ;  and  its  direction  will 
be  that  of  the  greater  sum.  Thus,  in  Fig.  1,  ii  the  forces  pointing  to  the  left 
amount  to  10  tons,  and  those  to  the  right  4  tons;  then  the  resultant  will  be  10  — 
4  <»  6  tons ;  and  it  will  point  to  the  left. 

(b).  Tbe  resnltiuit  of  n,wkT  mantber  of  parallel  Ibrees  in  one 
plane  is  in  the  same  plalie  with  them/  whether  the  forces  act  in  the  same 
or  in  opposite  directions;  and  the  leyerages,  or  arms,  of  such  forces,  and  of 
their  resultant,  about  any  given  point  in  the  same  plane,  are  in  one  straight 
line.  Thus,  in  Fig.  18,  p.  8*7  i,  where  the  five  forces,  a,  6,  c,  d  and  e  are  in  one 
plane,  their  resultant,  R,  is  in  that  same  plane ;  and  the  leverages  of  the  forces, 
and  of  R,  about  any  point,  as  6  or  v,  in  the  same  plane,  are  in  the  straight  line  R  v. 

(c).  Tbe  resultant,  R,  or  anti-resultant  Q,  Fig.  3,  of  t'vw'O  parallel 
forees,  a  and  6,  In  tbe  same  dlreetlon,  lies  between  them  and  in  the  same 

{)lane  with  them.  Therefore  its  direction  must  intersect  any  straight  line,  u  v. 
oining  the  directions  of  the  two  forces.  It  follows,  also,  that  if  tniee  parallel 
forces  are  in  equilibrium,  they  are  in  the  same  plane. 


T'iif.  3 


To  find  the  position  of  the  resultant,  draw  and  measure  any  straight  line,  u  v, 
joining  the  directions  of  the  forces.  It  is  immaterial  whether  uv  is  perpen- 
dicular to  said  directions,  or  not.  The  line  representing  the  resultant  cute  uv, 
and  its  position  is  found  thus : 

6  ^  a 

^^-''''Xr^rg'      andv<-t«»X  i-qrg 

In  other  words,  divide  u  t;  into  two  parts,  ui  and  vi,  proportioned  like  the 
forces,  but  placed  inversely  to  them ;  that  is,  place  the  longer  part,  v  f,  on  the  side 
of  the  sinaUer  force,  6,  and  vice  versa. 

Remark.  This  may  be  conveniently  done  by  making  uv  equal,  by  any 
convenient  scale,  to  the  sum  of  the  forces,  as  in  Fig.  4,  where  uv  —  42.  Then 
make  u  i  equal,  by  the  same  scale,  to  the  force  at  v,  or  v  t  equal  to  the  force  at  u. 


Then  a  line,  B.  FI9.  3,  drawn  through  t  parallel  to  a  and  6.  gives  tbe  position 
and  direction  of  their  resultant ;  and  its  amount  ia  equal  to  tne  sum  ai  a  and  b  ; 
or  R  —  a  +  6. 

In  other  words,  if  a  force,  Q,  parallel  and  in  the  opposite  direction  to  a 
and  />,  and  equaT  to  their  sum,  oe  applied  to  the  body  anywhere  in  a  line 
passing  through  i,  it  will  balance  a  and  6,  or  will  be  their  anti-resultant. 
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This  rule  for  the  position  of  the  resultant  follovn  Arom  the  principle  of  mo- 
ments explained  in  Arts.  46,  etc.,  pp.  335,  etc.  For,  in  order  that  Q  may  balance 
a  and  6,  we  must  not  only  have  Q  equal  to  the  sum  of  a  and  6,  but  the  opposite 
wotnenU  of  a  and  of  b  about  any  point  in  the  directicm  of  Q  must  be  equal ; 
or  ui  and  vi  must  be  inversely  as  their  respective  forces,  a  and  6;  or 
a:b  ::  vi  :  ui;  so  that  aX^i^^bXvi. 

If  the  two  forces  are  equal,  their  resultant  R  is  evidently  midway  between  them. 

fd).  The  foregoing,  as  well  as  some  other  facts  connected  with  parallel  fcuKies, 
will  be  more  readily  recalled  to.  mind  by  associating  them  with  the  idea  of  the 
common  stcel-jrard,  Fig.  5.     Here  the  two  forces,  a  and  6,  of  Fig.  8,  are 


u 


Q-* 


a-3 


Fig.  «5 


t>-4 


tJB-4 


represented  by  the  two  weights,  a  —  3  pounds  at «,  and  6  ■=  1  pound  at  v.  Since 
one  of  these  weights  is  three  times  as  great  as  the  other,  we  know  that  when 
they  are  suspended  at  distances,  u  i  and  v  i  (which  are  as  1  to  8)  from  the  Aikrum 
i,  they  are  balanced  by  their  anti-resultant,  Q,  which  is  equal  to  their  sum 
-=  3  + 1  =■  4.  Q  has  precisely  the  same  tendency  to  pull  the  steel-yard  upward 
that  the  two  weights  have  to  pull  it  downward.  Also,  R  (equal  to  Q,  but  acting 
in  the  opposite  directicm)  is  the  regultant  of  the  two  weights.  Its  tendency  to  pnfl 
the  steel-yard  bodily  downward  when  applied  to  it  at  i,  is  precisely  equal  to  that 
of  the  two  weights  applied  at  u  and  v.  Of  course  their  tendency,  acting  at  u  and 
t,  to  bend  or  break  the  steel-yard,  while  it  is  suspended  at  i,  is  very  different  from 
that  of  their  resultant,  R,  acting  at  i.  Indeed,  the  latter  has  no  bending  ten- 
dency at  all,  since  it  aets  in  the  same  line  with  the  upward  pull  pf  the  string  at  t . 
(e).  It  tl&ere  are  naore  tluuft  tifro  parallel  tavtmmf  as  a,  6  and  c,  Fig^ 
6,  whether  in  the  same  plane  or  not,  the  process  for  finding  the  resultant  conaiaibi 
in  a  mere  repetition  of  that  in  Art.  66  {e)* 


e^^a 


Thus:  between  the  directions  of  any  two  of  the  forces,  as  a  and  b,  draw  any 
vtraight  line,  u  v,  and  make 
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Through  i  draw  R',  parallel  to  a  and  by  and  equal  to  their  sum.  Then  is  R  the 
resultant  of  a  and  b. 

We  now  regard  the  two  forces,  a  and  b,  as  done  away  with,  and  replaced  by 
their  single  resultant  force,  R';  and  proceed  in  the  same  way  to  find  the 
resultant  of  R'  and  any  third  force  at  pleasure,  as  c  That  is ;  from  any  point 
if  in  the  direction  of  R',  draw  iz  to  any  point,  z,  in  the  direction  of  e,  and  make 

c  R' 

i  A;  —  i  z  X  c  +  R'  '  or  z  fc  —  i-z  X  ^  ■  j^^  .  Through  k  draw  R  parallel  to  a,  b 
and  c,  and  equal  by  scale  to  their  sum.  Then  is  R  the  resultant  of  the  three 
forces,  a,  6  and  c.    If  there  are  other  forces,  proceed  in  the  same  way  with  them. 

Remark  1.  It  is  quite  immaterial  in  what  order  the  forces  are  taken.  Indeed, 
we  may,  if  preferreo,  find  first  the  resultant  of  any  two  or  more  of  the  original 
forces ;  then  that  of  some  other  two  or  more  of  them ;  and  then  that  of  these 
two  resultants,  etc.,  etc. :  in  short,  we  may  proceed  in  any  desired  order,  pro- 
Tided  each  of  the  origmal  forces  is  taken  once,  and  only  once,  in  finding 
the  resultant. 

Remark  2.  In  Fig.  6  we  have  shown  the  forces,  a  and  c,  acting  upon  surfieuses 
raised  above  the  general  plane,  merely  in  order  to  illustrate  the  fact  that  it  is 
not  at  all  necessary  that  the  forces  be  supposed,  to  act  upon  or  against  a  plane 
surface.  See  also  Fig.  2.  This  is  a  consequence  of  the  principle  stated  in  Art. 
25  (A),  p.ZlSg;  namely,  that  the  effect  piMoaed  upon  a  rigid  body  by  an  imparted 
force  remains  the  same,  no  matter  at  what  part  of  the  body  it  be  imparted,  so 
long  as  that  point  is  in  the  line  of  direction  of  the  force.  But  unless  the  surfaces 
to  which  parallel  forces  are  applied  ara  paraUd.thQ  imparted  components  of 
the  forces  (».  e.  th^r  tendencies  to  more  the  body)  will  not  be  parallel.  See 
Art  25,  p.  318  e,  also  Art.  55  (6.)  p.  317. 

Rbmamc  3.  Although  Fig.  6  serves  to  illustrate  the  ittethod  of  finding  tha 
resultant  of  parallel  farces,  yet  it  plainly  does  not  give  the  aetual  relative  posi- 
tions of  the  fotroes  and  their  resultant ;  because  it  is  necessarily  drawn  in  a  kind 
of  perspective,  and  therefore  all  the  parts  cannot  be  measured  by  a  aoale.  The 
true  relative  positions  may  of  course  be  represented  in  plan,  as  by  the  five  stars,  a, 
bytyi  and  k,  Fig.  7,  corresponding  to  the  points  where  the  forces  and  resultants 
intersect  some  one  chosen  plane.  But  it  is  now  in^Miesible  to  represent  the 
forces  themselves  by  lines.  They  must  therefore  be  stated  in  figures,  as  is  here 
done.    It  is  then  easy  to  find  the  positions  of  the  resultants,  as  Mfore. 

If  there  are  also  forees  aottnK  tn  the  oppoatte  Alreotlvmy  as  d  and  <s 
Fig.  6,  find  their  resuttanC  sepanrtely,  in  preciseff  the  same  way.  We  thus  obtain, 
fitaally,  two  resaltants  in  opposite  directions.  These  resaltants  may  be  eqnal  or 
unequal,  and  in  the  same  line  with  each  other  or  not.  They  are  to  be  treated 
hi  accordance  with  the  following  principles. 

(f ).  Parallel  foroee  In  opposite  dlrecttona.  If  two  forces  are  in  the 
same  straight  line,  then  their  resultant  is  in  that  same  straight  line  with  them. 
If  they  act  in  the  same  direction,  their  resultant  is  equal  to  their  sum.  If  they 
act  in  opposite  directions,  it  is  equal  to  their  difference.  Hence,  if  the  two  forces 
are  equal  and  opposite,  they  have  no  resultant.  When  they  are  unequal,  wo 
may  regard  the  smaller  force  as  merely  diminishing  the  amount  of  the  larger 
one ;  aqd  the  resultant  as  being  simply  totiat  is  left  of  the  larger  force  after 
such  dimiuntion. 


y  Google 


FORCE  IK  RIGID  BODIS8. 


U7d 


COUPIiES. 

Art.  66  (g).  ConplM.  Two  equal  parallel  forces,  a  and  h,  Figs  8,  9  and  10, 
imparted  to  a  body  in  ojnxmte  directions,  but  not  in  the  tame  atraight  line^  are 
called  a  couple.  A  couple  has  no  tendency  to  moye  the  body  as  a  wnole  in  any 
straight  line ;  in  other  words,  the  two  forces  forming  a  couple  Aav«  no  resultant 
Their  only  tendency  is  to  make  the  body  rei>o(ve  about  its  center  of  gravity,  G, 
•nd  in  the  plane  in  which  the  two  forces  lie. 


If  the  nlane  of  the  forces  is  oblique  to  the  surface  against  which  they  act,  the 
actual  plkne  of  totation  of  the  body  (whfoh  is  always  the  plane  of  the  imparted 
fiM-ces  of  the  couple)  will  be  oblique  to  that  of  the  forces  as  appltedi  See  Art. 
25,  p.  318  e  and  Art.  55  (&),  p.  347. 

In  order  to  simplify  the  treatment  of  the  subject,  we  shnll  confine  ourselves  to 
cases  where  the  center  of  gravity,  G,  and  any  forces  besides  those  of  the  couple, 
lie  in  the  same  plane  with  the  forces  of  the  couple.  If  the  center  of  gravity  is 
not  in  the  plane  of  the  couple,  the  tendency  to  rotation  will  still  be  about  an  axis 
pasting  through  the  center  of  gravity. 

Oh).  Tlie  moment  of  a  couple.  To  find  the  amount  of  the  revolving 
tendency,  or  "moment"  of  the  couple,  we  may  multiply  each  force^  separately, 
by  its  leverage  about  the  center  of  i^ravity,  G ;  t.  c,  by  the  shortest  distance  from 
G  to  the  line  of  direction  of  the  force.  The  product  thus  obtained  is  the 
moment  of  tfiat  force  about  G ;  and  the  moment  of  the  couple  is  the  f>um 
of  these  two  moments  of  the  separate  forces.  In  finding  said  sum,  it  is 
important  to  bear  in  mind  that  if  the  positions  of  the  two  forces  are  (as  in 
Fig.  9)  such  that  they  tend  to  make  the  body  revolve  in  opposite  directions  ftbout 
the  center  of  gravity,  G  then  one  of  them  must  be  regarded  as  negative  or  numts : 
80  that,  in  such  cases,  the  tnim  of  the  two  mom^its  becomes  their  arithmetical 
difference,  • 

Thus,  in  Fig.  8  both  forces  tend  to  turn  the  body  about  G  In  a  "  right-handed  »* , 
direction  (as  the  Fig.  is  viewed)  or  like  the  hands  of  a  watch ;  and 

moment  of  couple  —  oXGa  +  ftXGi;       — aXwt;. 

But  in  Fig.  9,  while  the  moment  of  a  about  G  is  right-handed,  as  before,  that 
of  b  is  in  the  opposite  direction,  or  fe/f-handed.    Hence,  in  Fig.  9, 
moment  of  couple  —  oXGtt-f(— -bXGt;) 

—  aXGtt  — 6XG1;       — aX«w. 

In  Fig.  10,  one  of  the  forces,  6,  acts  through  G,  and  hence  has  no  moment  about 
It   In  this  case,  therefore, 

moment  of  couple  —  oXGit       — aXwv. 

It  will  be  noticed  that  in  all  three  cases  (Figs.  8,  9  and  10)  the  moment  of  the 
coanle  remains  the  same,  (=  a  X  u  v)  no  matter  how  its  forces  are  situated  with 
leference  to  the  center  of  gravity,  provided  their  amounts,  and  their  distance 
apart,  remain  the  same.  The  moment  of  any  couple  is  usually  stated,  for  con- 
venience  in  the  last  named  way ;  namely,  as  being  equal  to  the  product  of  either 
(Me  of  the  two  equal  forces  multiplied  by  the  perpendicular  distance  between  the 
forces.    Or  (in  our  figures) 

moment  of  oouple  ^ay^  uv       — &Xtii;. 

li\.  Since  a  couple  has  no  resultant  (Art.  56  o)  it  can  have  no  outt-resultant, 
It.  mo  alnsle  fbrce  can  Imlance  a  couple.  To  do  this  requires  a  seoond 
eoaek.  whose  moment  is  equal  to  that  of  the  first  and  in  the  contrary  direction : 
SS¥Uii^eo^«ary  thS^the  forces  of  the  second  couple  should  be  either  eqnd 
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or  parallel  to  those  of  the  first  Thus,  in  Fig.  11,  let  a  and  b  be  each  —  3  ponnda, 
and  tt  V  •>->  (>  feet.   Then  the  («/t-handed  moment  of  a  and  6is  —  aXuv  —  3X 


Kig. 11 


6  —  18  fbotHX>cuids.  Now,  If  e  and  d  are  each  —  9  pounds,  and  if  w  ar  —  2  feet, 
then  the  rioA^handed  moment  of  c  and  dis  —  cXtox  —  9X2  —  18  toot-pounda. 
Therefore  it  just  balances  the  moment  of  the  first  couple,  a  and  6.  If  we  were 
to  find  the  resaltaht  o^  either  non-oarallet  pair  of  the  forces,  as  a  and  d,  by 
Art  28,  p.  319,  and  then  that  of  the  other  pair,  b  and  e,  these  two  resultants  would 
be  in  one  straight  line,  and  equal  and  opposite  to  each  other;  in  other  words, 
the  four  forces,  a,  6,  e  and  d,  have  no  resultant 

(Ik),   a  couple  and  *  tHIrd  force  in  the  same  plane,  Figs.  12, 13  and  14. 

It  will  be  noticed  that  the  case  of  two  UMcqaal  parallel  foreee  in 
opposite  directions,  as  a  and  {b  +  «)>  ^^g- 13>  ^  merely  a  special  case  of  this. 


:FiB'  IS 


Fig.  14 


In  Art.  S&  (h)  we  have  seen  how  to  find  the  eflTect  of  the  couple.  We  have  now 
to  find  that  of  the  third  force. 

In  the  first  places  the  third  force  c  will  move  the  bod^  in  a  ttraight  line; 
namel  V,  the  line  in  which  the  fovce  c  acts. 

In  the  second  place,  if  the  third  force  does  not  act  through  the  center  of 
'  gravity,  its  moment  about  that  center  will  affect  tJte  rotaUan  of  the  body,  aiding 
or  omiosing  the  moment  of  the  couple,  accoraing  as  it  acts  in  the  same  or  in  the 
contrary  direction. 

Whetner  the  third  force  be  parallel  to  the  forces  of  the  couple,  as  in  Figs.  12 
and  13,  or  oblique  to  them,  as  in  Fig.  14,  if  its  moment  about  the  center  of  gravity 
of  the  body  is  equal  and  opposite  to  the  moment  of  the  couple,  it  will  eountaract 
the  tendency  to  rotation.  The  resultant  of  the  three  forces  will  then  act  throu^ 
the  center  &t  gravity  of  the  bodv.  and  move  it  in  its  own  straight  line  without 
rotation :  and  said  resultant  will  be  equal  and  parallel  to  the  third  force. 

Thus,  if,  in  Fig.  14  a,  an  upward  force,  equal  and  opposite  to  n.  be  applied  in  the 
same  striulght  line  with  it,  said  third  force  will  balance  a,  and  tne  body  will  move 


f'ig.l'^a 


upward  under  the  action  of  b  (which  thus  becomes  the  resultant  o(  the  three 
forces)  aetlng  through  the  center  of  OTa^ity,  G,  of  the  body.  The  rotation  will 
slmilariy  be  prevented  if  an  upward  force  Uu  than  a  be  applied  further  fhHn  G 
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thm  a  to,  and  beTood  a ;  or  if  an  upwiud  fbroe  ffrBtterHhtm  a.  be  JumllBd  b$itmtn 
G  and  o,  provided  the  moment  of  aud/thkd  foree.  about  G,  be  equal  and  oontrary 
to  that  of  a.* 

In  other  words,  if  a  foroe  e,  Fig;.  14,  act  upon  a  body  in  any  direction  not 
passing  through  its  center  of  gravity,  and  if  we  Kpplj  to  the  body  any  couple, 
as  a  and  6,  having  a  moment  eaual  aiid  contrary  to  the  moment  of  said  force 
about  the  center  of  gravity  of  tne  body,  the  effect  of  the  couple  will  merely  be 
to  transfer  said  force  (as  it  were)  to  the  center  of  gravity  of  toe  body. 

And,  in  genevO,  if  any  single  foree,  e,  Fie.  14,  act  upon  a  body,  and  if  anj 
couple,  as  a  and  6,  be  then  applied  to  the  body,  the  effect  ef  the  couple  will 
merely  be  to  shift  the  line  of  action  of  the  force,  r,  to  another  position  parallel 
to  its  actual  one.    The  distance  through  which  e  will  be  thus  shifted  is 

distance  -  '"omeiitof  couple 
force,  c 
If  the  moment  of  the  couple  is  ^e-handed,  as  in  Fig.  14,  the  force  e  will  be 
shifted  towards  the  right  (looking  in  its  own  direction)  and  vice  ^ 


(I).    To  find  tlM  rMultant  B  Fig.  15,  of  two  wneqnal  narallrl 
ftor«e%  a  and  b,  in  opposite  dlrectloma,  but  not  in  the  same  stridght  line. 


Ki».  IS 


Starting  from  any  point,  as  a.  in  the  line  of  the  smaller  force,  a,  draw  any 
straight  line,  u  m,  intersecting  the  direction  of  the  greater  foree,  b,  as  at  v.  The 
amount  of  the  resultant,  B,  is  *  b  —  <i.  Its  dbtctioH  ia  the  same  as  that  of  the 
greater  force,  b,  and  passes  through  a  point  i,  in  u «»,  the  portion  of  wfiioh  to 
found  thns : 

b  ,  a 

t*i  — «wX-^;  or  vi  — ttvX-g-. 

Through  i  draw  t  o  parallel  to  the  two  forces.  Then  o  is  the  point  of  applies* 
tion  of  the  resultant,  R.  The  tendency  of  said  resultant,  either  to  move  the 
body  as  a  whole  in  the  dilution  i  Q,  or  to  make  it  revolve  about  its  center  of 
gravity,  G,  is  the  same  as  that  of  a  and  b  eombined.  In  other  words,  if  we  sup* 
pose  B  removed,  then  an  anti-resultant^  Q,  equal  to  B  and  acting  toward  the  left 
In  the  line  Q  t,  would  counteract  both  the  tendency  of  a  and  b  to  move  the  body 
as  a  whole  in  a  straight  line,  and  their  tendency  to  make  it  revolve. 

*Bat  in  the  first  case  the  upward  resultant  of  the  three  forces  (being  alwaya 
equal  to  the  third  force)  will  be  less,  and  in  the  second  case  greater,  than  b. 
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Arl«  5T  (m).  Oracle  MetluicI  of  itndinff  the  point  of  spplicatioo  of  tiM 
xeMltftDt  of  any  number  of  parallel  ibroes,  acting  in  the  same  or  in  opposite 
directions.   Let  a,  b  and  c,  Fig.  16,  represeilt  the  forces  in  tJieir  relative  poaiUona. 


./» 


(The  lengths  of  these  lines  need  not  represent  the  amounts  of  the  forces  hy 
scale.)  In  any  convenient  part  of  the  same  sheet  of  paper,  draw  a  straight  line, 
X  Y  Fig.  17,  parallel  to  the  lines  representine  the  forces.  On  X  Y  lay  off  dis- 
tances representing  the  forces  by  any  convenient  scale.  Thus:  beginning  at  a\ 
let  a' a  represent  force  a;  Vbf  force  6;  and  (/e,  force  e;  and  so  on,  if  there  are 
other  forces. 

The  line  a'  c  now  evidently  represents,  by  the  chosen  scale,  the  amount  of  the 
reouired  resultant.  Or,  if  we  suppose  a  line,  c  a' drawn  upward  from  c,  said  line 
will  represent  the  anti-resultant  of  the  forces.  But  this  would  bring  us  again  to 
the  starting  point  a\  We  should  thus  obtain  a  closed  polygon  {a'abc  a')  of  forces 
in  equilibrium.  (See  Art.  38,  p.  329.)  The  polygon  here  forms  a  straight  Une 
because  the  forces  are  all  paralleL 

From  any  convenient  point,  O.  on  either  side  of  X  Y,  draw  lines  O  a%  O  a,  eta, 
radiating  to  the  ends  a',  a,  etc.,  of  the  several  vertical  lines  a'  a,  6'  6,  etc.  The 
point  O  IB  oalled  the  pole. 

Through  any  convenient  point,  as  m,  in  the  direction  of  the  first  force,  a.  Fig. 
16,  draw  a  h  parallel  to  the  nrst  radial  line  O  a'.  Fig.  17,  and  of  indefinite  length. 
From  m  draw  m  n  parallel  to  the  second  radial  line  O  a  and  ending  at  n  in  the 
line  of  direction  or  the  second  force,  b.  From  n  draw  n  p  parallel  to  O  6.  Fig.  17, 
and  ending  at )»  in  the  line  of  direction  of  the  third  and  last  force,  e.  Through 
l^draw  w  k  parallel  to  O  e  and  intersecting  «  A  in «,  which  is  a  point  in  the  required 
resultant  Therefore,  a  line  R  drawn  through  t  parallel  to  the  given  roroe% 
peinting  downward,  and  equal  by  scale  to  the  sum  of  the  forces,  represents  their 
rps'iltMit. 

The  result  will  be  the  same,  in  whatever  order  the  forces  be  drawn  in  Fig.  17; 
but  it  is  generally  most  convenient  to  lei  them  fallow  each  other  (beginning  at 
the  top)  in  the  same  order  in  which  their  positions  follow  each  other  in  Fig.  16, 
beginning  either  at  the  left,  as  we  h«ve  done,  or  at  the  right.  If  such  order  is 
not  foUowed,  see  (d),  p.  847  i. 

(b).  The  prlneiple  of  Um  foresoinff  process  may  be  explained  as 
follows:  If  a  weight,  equal  to  a,  represented  to  any  scale  by  m  «,  Fig.  16,  were 
suspended  at  m  by  two  ropes  having  the  directions  m  s  and  m  n,  the  pulls  on  those 
ropes  would  ^by  the  parallelogram  of  forces.  Art.  32,  p.  323)  be  represented  by 
the  lengths  of  the  lines  m  t  and  m  u :  or,  which  is  the  same  thing,  by  u  e  and  m  u. 
But  u  e  and  m  u,  Fig.  16,  are  parallel  respectively  to  O  a'  and  O  a.  Fig.  17 ;  and 
a' a.  Fig.  17  represents  the  force  a  by  the  scale  of  that  figure.  Therefore  Onf 
and  O  a  represent  the  amounts  of  the  components  of  the  force  a  in  the  two 
directions  m«  and  m  n.  In  other  words,  O  a^a^  Fig.  17  is  a  triangle  of  forces  in 
equilibrium,  a'  a  representing  the  force  a,  and  O  a',  O  a  the  pulls  In  m  «  and  m  n 
respectively.    (We  of  course  assume  the  ropes  to  be  without  weight) 

In  the  above  paragraph  we  have  supposed  the  rop»m  n  to  he  madefcut  at  n.  If 
now,  instead  of  this,  we  attach  to  it  at  n,  a  third  rope,  np^  and  hang,  at  n,  a  sec- 
ond weight,  equal  to  b ;  then,  in  order  that  the  ropes  m  t  and  m  n  may  remain  in 
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theii  fbnaer  poBitions,  the  rope  «o  mfot  be  pfti«ll0ltotkeliiieO6,Flg.  17;  for 
there  are  at  n  three  f<aoeB  in  equUS>ri«m ;  namely,  (1st)  the  weight  6,  repreeeDted 
by  6'  6,  Fig.  17 ;  (2nd)  the  pull  along  nm  represeuted  by  O  ^,  Fig.  17  (for,  in  order 
that  the  rope  »m  shall  remain  in  equilM>rium,  the  poll  opcm  it  at  n  must  be  equal 
to  that  at  m)^and  (3rd)  the  pull  along  tip.  The  directi<ni  and  amount  ot  this 
last  is  (according  to  Rem.  2,  p.  330)  given  by  the  third  side,  O  ft,  of  the  triangle, 
06'fe,  Fig.  17. 

Similarly,  the  line  O  e  in  the  next  triangle,  O  </  c,  Fi^.  17,  gives  the  direction 
of  the  rope  p  w,  and  the  amount  O  e  of  the  pull  upon  it,  wneu  a  third  weight, 
equal  to  c,  is  supported  at  p. 

We  thus  see  that  the  radial  lines  in  Fig.  17  represent  the  inclinations  of  a 
series  of  ropes,  or  of  links  loosely  Jointed  at  their  ends, » m,  tn  n,  np,  p  tr.  Fig. 
16,  which  would  support  weights  equal  to  a,  fr  and  e,  suspended  at  «*,  n  mm!  p 
respectively ;  and  aUo  the  amounts  of  the  piuls  in  those  ropes. 

Tbe  lines  m  n,  np.  Fig.  16,  form  what  is  called  a  fattloular  poljcon,  or 
polygonal  frame.  If  O,  Fig.  17,  were  placed  upon  the  other  side  of  X  Y,  the 
position  of  the  broken  line,  m  np.  Fig.  IS,  would  oe  reversed,  n  being  then  upper- 
most. Said  line  would  then  repx^esent  a  sort  of  arch  of  rigid  burs,  whicn,  bv 
sustaining  longitudinal  presture^  would  support  the  weights  in  UDstable  equi- 
librium (see  Art.  59  e^  p.  348).  The  figure  so  formed  is  called  a  UaMir  areh. 
The  position  of  the  resultimt  is  of  course  the  same  in  both  cases. 

In  practice  the  ropes  m  «  and  p  to  would  transmit  their  pulls  to  tome  firm  sup- 
ports, as  walls,  at  their  ends, «  and  10.  But  It  would  be  possible  (theoretically)  - 
to  support  tneir  pulls  by  means  of  two  riffid  striitk  «i  and  iv,  placed 
respectively  in  the  same  lines  with  the  ropes  and  flexibly  Jointed  at  t.  Ii  then 
at  <  we  were  to  apply  an  upward  force  equal  to  the  sum  of  the  three  downward 
forces,  a,  6  and  c,  it  would  evidently  maintain  the  whole  system  in  equilibrium. 
For,  if  the  force  e  a'.  Fig.  17  (e<;^  by  scale  to  the  anti-resultant  of  0,6  uide.  Fig.  16) 
be  resolved  in  the  directions  O  a',  Oc«  of  the  two  struts,  «<  and  ito,  the  pushes  in 
those  struts  will  be  represented  by  the  lines  Oa'  and  0O.  Iney  will  time 
exactly  balance  the  pulls  of  the  ropes,  m  «  and  p  to. 

We  thus  see  that  t  is  a  point  in  tne  fine  ot  the  anti-resuUant  of  the  three  for- 
ces, a,  6  and  c    Hence  it  is  also  a  point  in  the  line  of  their  resultant,  R. 

ay  choosing  other .  positions  for  the  pole,  O  Fig.  17,  we  may  obtain  an  indefi- 
nite Dumber  of  different  arrangements  of  the  ropes  and  struts  in  Fig.  16.  For 
instance,  if  O  were  opposite  to  a',  the  line  8  A,  drawn  through  n».  Fig.  iC  wouM  be 
horizontal,  and  all  the  other  lines  in  Fig.  16  would,  like  the  corresponoing  lines 
in  Fig.  17,  incline  upward  firem  left  to  right;  and  the  point  p  would  be  much 
biffher  than  m. 

If  we  suppose  the  body  to  be  upheld  by  two  supports,  placed  one  under  each- 
of  the  end  forces  a  and^  then  a  line  drawn  Arom  O,  Fig.  16.  parallel  to  mp,  will 
divide  the  line  a'  e  into  two  segments  proportioned  like  the  upliolding  forces. 
8eeArts.67(«)and(/.)  , 

Thu8»  if  O  be  placed  at  8Uq|i  a  height  that  a  Jioritontal  line  drawn  from  it  to 
a'  c  divides  the  latter  into  two  segments  proportioned  like  the  pressures  oil  the 
two  supports,  then  m  and  p.  Fig.  16,  will  be  in  the  same  horizontal  line. 

If  Om  placed  at  a  great  distance  from  X  Y  (compared  with  the  length  of  a'e) 
then  the  unes  of  the  mnicular  polygon  in  Fig.  16  wUl  be  nearly  hori^ntal,  and 
will  represent  a  system  of  ropes  in  which  the  stresses  are  very  great,  as  indicated 
by  the  nest  length  whiefa  the  radial  lines  O  a'  etc..  Fig.  17,  would  then  have. 

But  the  position  of  the  resultant  is  not  affected  by  the  positioh  chosen  for 
p,  provided  the  drawins  is  correctly  done.  Bat  if  any  of  the  angles  in  Fig.  M 
become  very  acute,  it  is  aifficult  to  find  their  exact  intersections,  and  we  are  thus 
more  liable  to  error. 

(e).  Figs.  18  and  19  represent  a  case  where  there  are  foreea  aetlns  la 
opposite  direetions.  In  Older  to  avoid  crowding  the  figure  of  the  polygon 
of  forces.  Fig.  19,  we  omit  the  letters  {a\  6*,  c',  etc.)  at  the  begimnmjs  of  the  verti- 
cal lines,  a'  a,  1/  6,  etc.,  and  show  only  those  (o,  ft,  etc.)  at  their  ends. 
.  The  principle  and  process  are  here  the  same  as  in  Figs.  16  and  17 ;  but  in  draw- 
ing the  polygon  of  forces.  Fig.  19,  care  must  be  taken  to  lay  6ff  each  force  in  its 
proper  direction.  The  arrows  shown  on  the  left  of  the  polygon  will  enable  the 
reader  to  follow  more  readily  the  order  in  which  the  forces  are  drawn  in  this  case. 
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Thus,  lines  auadb.  Fig,  1»»  (downinurd)  reprasent  the  downward  forees,  a  and 
b,  Fig.  18;  then  e  (i^kward),  the  upwurd  imroe  c;  then  again  d  (downward).  Uw 
downward  force  d:  and,  finally,  e  (upward),  the  upward  force  e.  Then  the  line 
•  Z,  which  would  be  required  to  close  the  polygon,  represents  the  anti-resultant 
of  the  five  forces,  as  did  the  tokolc  line  e  a\  Fig.  17,  where  all  the  forces  wex«  in 
the  same  direction. 


yi«.  lo 


It  wHI  be  noticed  that  in  Fig.  18  the  resultant,  R,  owing  to  the  positions  and 
amounts  of  the  several  forces,  fidls  outside  of  the  system  of  given  forces,  as  was 
the  case  also  in  Fig.  16. 

(d).  In  dimwlaff  «1m  ftinloialatr  polygon,  mnp,  etc..  Figs.  16  nud  1& 
the  following  rule  must  be  observed : 

The  two  lines  of  the  Ainioular  polygon.  Figs.  16  and  18.  which  end  at  the  line 
of  direction  of  anr  given  force,  must  be  drawn  parallel  to  those  radial  lines 
(Figs.  17  and  19)  which  extend  from  O  to  the  ends  of  that  segment  which  repre- 
sents said  force.  Thus,  in  Fig.  18,  the  two  lines  ending  in  the  line  of  the  force 
a,  are  i n»  and  n m,  parallel  respectively  to  OX  and  O a,  Fig.  19,  which  meet  the 
ends  of  line  X  a  representing  the  force  a ;  and  the  two  lines  endint?  in  the  line 
of  «,  Fig.  18,  are  np  and  q  p,  parallel  respectively  to  0  6  and  Oc,  Fig.  19,  which 
meet  the  ends  of  vertical  line  6  c  r^resenting  the  force,  e. 


(e).  Orapble  reaolatfon  of  paimllel  -fbroea.  In  the  foresroinir 
we  nave  shown  how  to  find,  graphically,  the  resultant  of  a  number  of  given 
parallel  forces.  We  will  now  give  directions  for  resolving  a  given  force  (such  as 
the  resultant  of  a  number  of  forces)  into  two  parallel  components.  The  process 
is  of  course  merely  a  reversal  of  that  already  given. 

For  instance,  suppose  Fig.  20  to  represent  a  beam  bearliMS  »  alnul*  o^n- 
orntratffd  IcMuilt  o,  elsewhere  than  at  its  center ;  and  let  it  1^  required  to  find 
the  pressure  on  each  of  the  two  supports,  w  and  x, 

X 


mi*.  «i 
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Draw  X  a,  Fig.  21,  to  represent  the  load  a  by  Male,  and  lines  X  O,  aO,  to  anj 
point  O  not  in  the  line  X  a.  in  Fig.  20  dxaw  i«  and  t  r.  pwattel  renieetiveif  to 
OX  and  Oa.  Join  r  «,  and  in  Fig.  21  draw  Oto  paralkl  to  rt.  Then  the  two 
aegmeiits,  to  a  and  X  to,  of  X  a,  ffive  by  scale  the  pressures  upon  the  two  atmt- 
mentfi,  w  and  x  respectively.  Tne  greater  pressure  will  of  course  be  upon  the 
abutment  nearest  to  the  load ;  but  we  may  be  guided  also  by  nemeinbering  that 
the  segment  X  to  adjoining  the  radial  Hue  O  X  in  Fig.  21  repredcnts  the  pressure 
ou  that  abutment  [x  Fig.  20)  which  pertains  to  the  Ime  i  s  parallel  to  O  X ;  and 
yioe  versa. 

(f).  lliri&ei&  tbere  are  tWo  or  lAore  loads  upon  tl&e  beam,  as  in 

Fig.  22 ;  proceed  as  in  Art.  57  (a)  with  the  loads,  a,  b  and  e,  obtaining  the  funicular 


.Tn--.  .."® 


1-^=--=^ 


■■+•-. 
i  71 


Vis-  sa 


FiR.  523 


polygon,  m  np.  Fig.  22.  This  would  give  us  the  position  of  the  resultant  of  the 
three  IcmmIs,  passing  through » ;  but  we  are  not  now  concerned  to  know  this. 
Prolong  im  and  ip  upward  to  intersect  the  lines  of  the  reactions  of  the  abut- 
ments, X  and  U7,  in  «  and  r  respectively.  In  Fig.  23  draw  O  w  parallel  to  r  »,  Fig. 
22.   Then  X  to,  Fig.  23,  gives  the  pressure  upon  r,  and  to  e  that  upon  w. 

(g).  If  tlie  parallel  rorees,  as  a,  b  and  e,  Fig.  24,  are  in.  dUTeremt  planes, 

first  find  their  proiections,  a',  1/  and  e/  upon  any  plane,  as  x  p,  parallel  to  them,  and 
tbeu  their  projections,  a'',  b"  and  &\  upun  a  second  plane,  x  v,  parallel  to  them  and 
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St  right  angles  to  the  first.  Next  apply  the  process  of  Arts.  57  (a)  and  (e),  to  the 
proj^ons,  a',  b^  and  </,  upon  one  of  these  planes,  x  v,  and  then  to  those,  a",  b"  and 
c*.  on  the  other;  thus  obtaining  two  resultants,  R'  and  R",  one  upon  each  of  the 
two  planes.  Now,  as  the  lines  a',  6',  (/,  and  a",  ft",  c",  are  the  projections  of 
the  forces,  a,  b  and  e,  so  R',  R",  are  the  projections  of  the  actual  resultant, 
R,  of  the  forces.  The  position  of  R  is  therefore  at  the  intersection  of  two  planes, 
RR'  and  R  R'*',  perpendicular  to  the  planes,  x  y  and  x  v,  and  standing  upon  the 
{injections  R'  and  K'',  of  the  resultant,  R. 
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Art.  98  (»).  Center  or  preMure.  That  point  through  which  the  direc- 
tion of  a  single  anti-resultant  force  must  pass,  in  order  to  baltuice  several  parallel 
forces  acting  at  diffi^rent  p<rints ;  or,  in  other  words,  that  point  through  which 
the  direction  of  the  reeoltant  of  thoee  forces  must  ^iss,  is  called  their  center  of 
pressure,  or  of  force. 


SH«.  SO 


For  instance,  let  S,  Fig.  25,  be  a  common  wooden  box;  but  having  one  side,  as 
o  0,  loosely  fitted,  so  as  barely  to  allow  of  pushing  it  backward  and  forward.  Fill 
the  box  with  dty  sand,  (clean  small  gravel  will  be  better)  and  it  will  be  found 
that  there  is  but  one  single  point,  t,  at  which  we  can,  by  holding  to  it  a  thin 
rod  r  i,  balance  the  pressure  of  the  ipravel  against  the  opposite  side  of  o  o.  If 
we  apply  the  rod  at  any  other  point,  o  o  will  give  way  before  the  saod ;  thus,  if 
the  rod  is  held  aboee  i,  the  bottom  of  o  o  will  be  pushed  outward ;  if  held 
beUno  i  the  top  of  o  o  will  move  outward.  This  point  t  is  distant  above  the  bottom 
of  the  sand  one-third  of  the  depth  of  the  sand;  in  other  words,  the  center 
of  pressure  of  sand  of  any  depth  is,  like  that  of  water,  at  one-third  of  that  depth 
from  the  bottom.  In  the  case  before  us,  the  depths  supposed  to  be  uniform,  ao 
that  the  center  of  pressure  is  at  the  same  Wight  above  the  bottom,  clear 
across  the  box. 

Now  the  balancing  force  applied  through  the  rod  at-  i,  is  the  anti-resultant  of 
all  the  pressures  resulting  from  the  several  particles  of  gravel  against  the  oppo- 
site side  of  oo;  and  its  eflfect  upon  the  rigid  bodv  o o,  (omitting  of  course  any 
teudencv  to  bend  or  break  it,  which  comes  unaer  the  head  of  Strength  of 
Materials,)  is  precisely  the  same  as  that  of  all  thoee  forces  combined ;  except 
that  it  is  in  the  opposite  direction.  Its  tendency  to  push  o  o  bodilv,  or  as  an 
entire  mass,  toward  the  right  hand,  is  precisely  the  same  as  that  of  the  gravel 
to  push  it  to  the  left  hand ;  or  it  is  the  same  as  would  result  were  we  to  heap  up 
sand  in  front  of  oo,soaaUi  balance  the  sand  behind  it. 

Remark.  It  is  this  important  principle  of  the  center  of  pressure,  that  enables 
us  to  adopt  the  convenient  practice  of  representing,  by  a  single  line,  Uie  effect 
of  force  actually  distributed  over  a  considerable  surface.  Tnus,  in  Fig.  52,  p. 
342  the  horizontal  force  h  a,  by  which  each  half  of  the  arch  mutually  prevents 
the  other  half  from  falling,  is  actually  distributed  over  an  area  whose  depth  is 
the  depth  cj  of  the  keystone;  and  its  breadth,  that  of  the  whole  bridge,  as 
measured  curosa  the  roadway.  Yet  the  arrow  h  a,  when  drawn  to  a  scale,  per- 
fectljr  represents  the  effect  of  this  distributed  force  in  unhokling  the  half  arch, 


considered  as  an  entire  rigid  mass.  So  far  as  regards  splitting  or  cracking  the 
stone  immediately  at  a,  tfae  effects  would  of  course  be  different ;  but  as  the  whole 
force  is  only  supposed^  for  convenience,  to  be  applied  at  a,  this  difference  is 
merely  ideal  in  this  instance.    See  Arts.  5  and  8,  pp.  226, 227. 
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(b).  Timnswrae  rtrwiei.  C»«tt«n.  It  may  be  well  here  to  direct  par- 
Ucalar  attention  to  the  Dust  that  the  tendency  of  a  number  of  foroee  to  bend 
a  body,  or  break  it  traneverfelf/,  like  a  beam,  may  be  very  difibrent  ftrom  that  of 
their  eeveral  resultants,  applied  at  their  centers  of  fbrce.  Thus,  in  Fig.  3,  p.  847  a, 
BO  far  as  regards  either  moving  the  body  to  l^e  left  asainst  the  force  Q.  or  causing 
oompressire  stresses  in  their  own  direetioPy  in  the  body  as  a  whole/it  is  imma^ 
terial  whether  we  employ  the  two  parallel  forces,  a  and  b,  or  their  siuffle  resultant 
Kj  equal  to  their  siim  and  acting  at  their  center  of  force,  opposite  Q.  But  it  ia 
main  that  a,  b  and  Q  would  tend  to  bODd  or  break  the  body  tranweraely,  while 
K  and  Q  would  not. 


(c).  An  absolutely  rigid  horizontiil  .beau  « «.  would  sustain  any  amount  of 
load  {,  without  benaing;  and  consequently  would  always  press  vertically  upon 
its  upright  suf^iorts  u,  u,  without  any  tendency  to  press  them  sideways.  But 
ao  ai-tual  beam  n  r?,  it  overloaded,  will  bend ;  therelfy  generating,  at  itt*  ends, 
forces  which  are  not  vertical,  but  which  tend  to  overthrow  the  supports  t  U 
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CENTER  OF  GRAVITT. 


Art.  90  (a).  In  Fig.  1  the  upws^  pall  in  the  Btrin^  n  (as  shown  by  the 
spring  balance)  represents  the  anti-resultant  of  the  parallel  aownward  forces 
of  gravity  acting  upon  the  innumerable  separate  particles  of  the  body  W. 


When  a  body  thus  aoted  on  by  gravity  is  kept  at  rest,  or  balanced,  as  In  the 
figure,  then  the  direction 'of  the  resultant  or  anti-resultant,  or  of  the  string  in 
tho  figure,  passes  through  a  certain  point,  called  the  center  of  g^ravl^  of 

the  bodjr.  Upon  this  point,  the  bodj,  when  acted  upon  by  gravity  alone,  will 
balance  itselr,  in  whatever  position  it  may  be  placed;  and  if  the  entire  weight 
or  Kravity  of  the  body  could  be  concentrated  into  that  sinele  point,  its  tendency 
to  move  the  entire  rigid  body  would  remain  precisely  the  same  as  it  actually 
is  with  the  gravity  diffused  throughout  the  entire  mass. 

(b).  In  some  bodioH,  such  as  the  cube,  or  other  par- 
allelopiped,  the  sphere,  etc.,  the  center  of  gravity  is 
also  the  center  of  the  weight  of  the  body;  butvery  fre- 
quently this  is  not  the  case.    Thus,  in  a  body  a  be. 

Pig.  2,  with  its  center  of  gravity  at  c.  there  is  more      ^^  •  - 

weight  on  the  side  a  c,  than  on  the  side  e  6.  b^ —  ^  I) 


i 


(c).  If  a  body  W,  Fig.  1 
point  n,  is  at  rest,  its  c< 
under  said  point.  If  the 
to  one  side,  and  then  le 
gravity,  to  swing  back  to 
to  be  in  stable  equ'librii] 
balanced  on  top  of  a  slim 
not  tend  to  return,  but  w 
so  balanced  is  said  to  be  i 
supported  by  its  horizon! 
sphere  resting  upon  a  hoi 
stop  it,  and  then  leave  it 
to  resume  its  revolution; 


end,  under  the  action  of 
this  is  the  case,  it  is  said 
,d  of  being  suspended,  be 
a  little  to  one  side,  it  will 
the  equilibrium  of  a  body 
es  as  that  of  a  grindstone 
center  of  gravity,  or  of  a 
o  revolve  a  short  distance, 
dency  either  to  return,  or 
)d  inaifferent* 


"\; 


(d).  GBNBRAK  RUI4B8. 

The^^loWlag  geR'AWlrules  (I)  to  (6),  form  the  basis  of  the  special  rules, 

_n  speaking  of  the  center  dlKravity  of  one  or  more  bodies,  we  shall  assume, 
for  simplici  y,  that  they  are  homgeneous  {i.  e^  of  uniform  density  throughout) 
and  of  the  same  density  with  each  other.  The  center  of  gravity  is  then  the 
same  as  the  center  of  vohitne^  and  we  may  use  the  volumes  of  the  oodles  (as  in 
cubic  feet  etc.)  in  the  rules,  instead  of  their  weights,  (as  in  pounds,  etc.) 

In  applying  these  general  rules  to  aitrflMaee.  use  the  areas  of  the  snrfaces. 
a^eU^tsTOu^nS^o'?  t^e*l!J3S:r  ^  *^  "^'^  ^'  '^^  »-«.  *-  P»*c<»  of  tIS 
giiJrexoe^/wk'^^^^^^^^^  the  center  of 
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of  each  ^/w.^. 
gtaxdg'f  and 


imy  tiPT*  %odlM,  Fig.  8.    Haying  found  the  cantor  of 
body^  by  means  of  the  rules  glren  oelow :  then  O  is  in  the'Une 

weight  of  g' 

sum  of  weights  of  17  and  jT 


.  Fig.  9 
theru' 


ining 


g'O-gg'X  weight  of  ^ 

sum  of  weights  of  g  and  / 

This  rule  Is  based  upon  the  prindple  explained  in  Art.  M  (e),  p.  347  i 


Vlg.3 


(9).  Amy  nuibar  mt  ItodiMy  as  o,  b  and  «,  Fig.  4,  whether  their  oentari 
of  jEravity  are  In  4he  same  plane  or  not. 

First,  by  naeaiM  of  rule  (l)  find  the  center  of  gravity,  gr,  of  any  two  of  the 
bodies,  as  a  and  6.  Then  the  center  of  gravity,  C^  of  tlie  three  bodies,  a,  b 
and  <^  18  in  the  line  g  g^  joining  g  with  the  center  of  gravity,  g'  of  c;  and 


gO^gg'X 


weight  of  e 


sum  of  weights  of  a,  b  and  c  » 


</G  —  aa'  X     sum  of  weights  of  o  and  b     , 
sum  of  weights  of  o,  b~and  e 
And  so  on,  if  there  are  other  bodies. 

S).  In  many  cases,  a  ainffle  complex  ImkIj  may  be  supposed  to  be  divided 
parts  whose  several  centers  of  Kravity  can  be  readily  found.  Then  the 
center  of  gravity  of  the  whole  may  be  found  by  the  foregoins  and  following 
rules.    Thus,  in  Fig.  5,  we  may  flud  separately  the  centers  of  gravity  of  the 


Kiff.a 


VHff.e 


two  parallelopipeds  and  of  the  cylinder  between  them  (each  in  the  center  of 
its  respective  portion  of  the  whole- solid) ;  and  in  Fig.  6  the  centers  of  gravity 
of  the  square  prism  and  the  square  psrramid  (the  laJter  by  rule  (36),  p.  351  y) : 
and  then,  knowing  in  either  case  the  weights  of  the  several  parts,  find  their 
common  center  of  gravity  as  directed  in  rules  (I)  and  (2). 
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(4).  Amj  l&olloiv  iMidjry  or  body  oontaining  one  or  more  openings  Fig.  7. 
Fina  the  oommon  center  of  gravity,  g\  of  the  openings  by  rale  (1)  or  (2),  and 


the  center  of  eravity.  gr,  of  the  entire  figure,  as  thoagh  it  had  no  openings. 
Then  O  is  in  the  line  g  ^,  extended,  and 

aO  -"  aa'  yc sam  of  volumes  of  openings 


volume  of  entire  body  —  volumes  of  openings 

-0  _,    ^  y  ___^ volume  of  entire  body 

volume  of  entire  body  — volumes  of  openings 

Bbmabk.  For  convenience,  we  have  ^own  the  sttvteral  centers  of  gravity. 
9i  9'  ^»  upon  the  surface  of  the  figure.  In  the  real  solid  (supposed  to  be  of 
uniform  tnickness)  tney  would  of  course  be  in  the  middle  <n  ito  thickness, 
and  immediately  under  the  positions  shown  in  the  figure. 


of  gravity  is  called  a  «llne  of  fl^imvi^."  The  center  of  gravity  is  (1st)  the 
intersection  of  two  lines  of  gravity;  (2nd)  the  intersection  of  three  planes 
of  gravity,  or  (3rd)  the  intersection  of  a  plane  of  gravity  with  a  line  of  gravity 
not  lying  m  said  plane. 

If  a  figure  or  body  has  an  axis  or  plane  of  swnunstrjr  (i,  s..  a  line  or  plane 
dividing  it  into  two  equal  and  similar  portions)  said  axis  or  plane  is  a  line  or 
plane  of  gravity.  If  a  figure  or  body  has  a  central  point,  said  point  is  the 
center  of  gravity. 

In  Fig.  1,  p.  348,  the  strine  represents  a  line  of  gravity;  and  any  plane  with 


ancing  it  in  two  or  more  positionH  over  a  knife-edge,  ete.,  and  finding  G  in 
either  case  by  the  interseonon  of  the  lines  or  planes  of  gravity  thus  found. 

(6).  The  grapl&ie  metbod  of  finding  the  resultant  of  parallel  forces  (Ari 
67  (o),  p.  347  </)  may  often  be  advantageously  used  for  finding  the  center  of 
gravity  of  a  compound  body  or  figure,  or  of  a  system  of  bodies  or  figures,  when 
uie  centers  of  gravity  of  the  several  parts  are  known. 

Thus,  in  Fig.  8,  let  a,  &  and  e  represent  three  figures  or  bodies  whose  centers 
of  gravity  are  in  one  plane.  Draw  vertical  lines  through  said  centers,  and 
construct  the  polygon  of  forces,  x a 6 e.  Fig.  9.  making  the  lines  xa,ahj  etc, 
proportional  to  the  weights  of  a,  &  and  c;  and  from  any  convenient  point  0 
draw  radial  lines  O  x,  O  a,  etc.  In  Fig.  8,  draw  mKm  n,n jp,  and  p  k,  parallel 
respectively  to  O  x,  O  o,  O  6, 0  c.  Then  a  vertical  Hne.  i  O,  drawn  throogh  the 
intersection,  i^  of  mh  and  p  A;,  is  a  line  of  gravity  of  the  f^stem  or  figure.  If 
the  body  or  figure  is  si/mnutrteal^  as  in  the  cross  section  of  a  T  rail,  I  Deam  or 
deck  beam,  etc.,  the  axis  of  symmetry,  dividing  the  figure,  ete.  Into  two  simi- 
lar and  equal  parts,  is  also  a  line  of  gravity,  and  its  intersection  with  the  Hne 
i  G  already  found  is  the  required  center  of  gravity  G.  In  such  cases  it  is 
generally  most  convenient  to  draw  the  lines  mrough  the  several  centers  of 
gravity  perpendicular  to  the  axis  of  symmetry,  so  that  the  line  of  gravity 
round  will  also  be  perpendicular  to  it 

But  if,  as  in  Fig.  8,  the  body  or  figure,  ete.,  is  not  ssrmmetrical,  we  must  find 
a  second  line  of  gravity,  the  intersection  of  which  with  the  first  will  give  the 
•enter  of  jcravity,  «•  To  do  this,  repeat  the  process,  drawing  another  set  of 
parallel  lines  through  the  several  centers  of  gravity.  Fig.  8.  It  will  be  most 
convenient  to  draw  them  horizontally,  or  at  right  angles  to  those  already  drawn, 

ud  in  the  following  instractions  we  suppose  Ihis  to  be  done. 
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Then  G  is  at  the  intexsection  of  the  two  lines  of  grarity. 


iri«.8 


S*iS^'9 


The  drawing  of  the  second  funicular  polyeon  is  often  less  simple  than  that 
of  the  first,  because  in  the  second  theparallellines  through  the  several  centers 
of  gravity  do  not  necessarily  follow  each  other  in  the  same  order  as  in  the  first. 
We  must  here  be  guided  by  the  principle  embodied  in  the  rule  in  Art  67  (d)i 
-p.  347i.  namelv;  that  the  two  lines  (as  mfp\  infm')  meeting  in  the  parallel  Ime 
{as  2>nO  pertaining  to  va^  eiven  pait,  6,  of  the  figure,  must  be  perpendicular 
respectively  to  those  radial  lineff  (O  a,  O  ft)  which  meet  the  ends  of  the  line, 
a  6,  that  represents  that  same  part 

Figs;  10  and  11  show  the  application  of  the  same  process  to  an  irregular  fie- 
nre  composea  of  three  rectangles,  a,  b  and  e.  The  lettering  is  the  same  as  in 
Pies.  9  and  0;  but  in  Fig.  10  it  happens  that  i'  and  p^  of  the  second  ftinicalar 
polygon  fall  upon  the  same  point 


I 


Klff.  lO 


S'itf.lX 


y^ 


If  the  centers  of  gravity  of  the  several  bodies,  or  of  the  several  parts  of  the 
body,  etc,  are  in  more  than  one  plane,  we  must  find  their  projections  upon 
certain  planes,  and  apply  the  process  to  those  projections,  upon  the  principle 
explained  in  Art  57  (flf),  p.  347  *, 
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(•).  BVJOOIAIa  rulbs. 
lilNBS. 
(T).  StrmlglLt  lime.    O  is  in  the  line,  and  at  the  middle  of  its  length. 
(8).  Circular  are,*  a  06,  Figs.  12  and  13  (center  of  circle  ate).   O  is  in  the 
line  CO  joining  the  oenter  of  the  circle  with  the  middle  of  the  arc,  and 


eO  —  radius  a e  X 


chord  a  b 
length  of  arc  ao 6 


(For  length  of  arc,  see  p.  141). 


(8  a).  If  the  aro  is  a  Mmi*elrel««* 

2 
cO  —    radius  a  c  X  


ITig.  13 


—    radius  ac  X  0.6366. 


(86).  Approximate  rules  for  distance  «0,  Fig.  12,  from  chord  to  center  of 
gravity. 


If  rise  80  •«  .30  chord  abi 

«     «      "  —  .36 

u     «      "  •»  .46 
««    «     «  —  .60 


«0— .053«o 

—  .649  8  o 

—  .A45  0O 

—  .641  «  o 

—  .637  S  0 


gravr 

If  rise « o  n  .01  chord  a  6;  sO^^  .666  « o 
u    ».     «  „  ,10     «        »».«_,  .6^ ,  o 

**  ♦*  "-••W  "  ";  **  =a.6a3»o 
"  "  **  =-  .20  "  "  ;  «  m  .660 « o 
u    t*     «<  «■  .26     "        •<;**—  .667  « o 

(9).  TrUnsle,  a  6  c.  Pig.  14.  The  center  of 
gravity,  O,  of  its  three  sides*  is  the  center  of  the 
circle  inscribed  by  a  triangle,  d  e/,  whose  corners 
are  in  the  centers  of  the  sides  of  the  given  triangle. 

(10).  Parallelofl^ram  (square,  rectangle, 
rhombus  or  rhomboid).  The  center  of  gravity 
of  the  four  sides*  is  at  the  intersection  of  the 
diagonals. 

(11).  Clrelct  •lllpse,  or  resnlar  poljrgon. 
The  centerof  gravity  of  the  ouTline  or  circumfer- 
ence* is  the  center  of  the  figure. 

(la).  lUiciilar  prism,  right  or  oblique,  and  right  ref^ar  mrmntiS, 
or  frustnm.  The  center  of  gravity  of  the  edges*  is  the  center  of  the  axis. 
In  the  prism,  the  position  of  G  is  not  aflfected  by  either  including  or  exclading 
the  sides  of  both  of  the  polygons  forming  the  ends. 


Kig 


SURFACBS. 
A.  Plane  snrfaees. 

We  now  treat  of  the  centers  of  gravity  of  plane  surfaces,  which  may  be 
regarded  as  infinitely  thin  flat  bodies.  The  rules  for  surfaces  may  be  used 
also  for  actual  flat  bodies,  in  which,  however,  the  center  of  gravity  is  in  the 
middle  of  the  thickness,  immediately  under  the  points  found  by  the  rales. 

(13)  Parallelogram  (square,  rectangle,  rhombus  or  rhomboid),  circle, 
ellipse  or  regular  polyg^on.  O  is  the  center  of  the  figure;  or  the  inter- 
'  section  of  any  two  diameters,  or  the  middle  of  any  diameter.  In  a  Parallelo- 
fframy  O  is  the  intersection  of  the  two  diagonals. 

(14).  Trlanflple,  Fig.  15.  O  is  at  the  intersection  of  lines  (as  a  a  and  ed) 
drawn  from  any  two  angles,  a  and  c,  to  the  centers,  e  and  d,  of  the  sides,  be 

•We  are  now  treating  of  lines  only;  not  of  the  surfaces  bounded  by  them, 
•i^or  surlaces.  see  rules  (13V  ftfcn  .  a«^a 


r  surlaces,  see  rules  (13),  etc.,  etc. 
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and  a  ft,  respecttvely  opposite  to  said  anglM.  Saoh  lineeurecAUed  "  oaedialiiaes.** 
«0  — Has;     de^'^^ed;    /Q  —  ^  6/ (/ being  the  middle  of  a  e). 

b 

b 

Kiff .  IS 


(14  a).  Fig.  15.  Or,  on  either  one  of  the  sides  (as  a  h\  meetingat  any  angle,  a, 
make  ao  ='  %  ab.  Draw  op  parallel  to  the  other  side,  ae.  Then  o  O  —  ^ 
opt  and  Q  is  at  the  intersection  of  op  with  any  medial  line,  as  ae,  etc. 

(146).  Fig.  16.    If  aa^bl/.ec^  and  G  G'  are  the  distances  of  the  three  cor- 
ners and  of  6  from  any  straight  line  or  plane  a'  c' ;  then 
GGK         -  >^  {aa'  +  66'  +  cO- 

This  gives  us  the  position  of  the  line  of  gravit]^  G  G^.  In  the  same  way  we 
find  the  distance  G  G"  of  G  from  any  second  line  or  plane,  b'^  e".  This  gives 
us  the  position  of  a  second  line  of  gravity  G  G'.  G  is  at  the  intersecton  of 
GG'andGG''. 

(14 e).  Fig.  17.  The  distance  On  of  G  in  any  direction  from  any  side,  as  a  e 
(extended  if  necessary)  is  —  ^  the  distance  n'  6  measured  in  a  parallel  direc- 
tion from  the  same  side  to  the  opposite  angle,  6. 


Kig.  ir 


It  follows  from  this  that  the  ahorUst  distance,  Go,  of  G  from  any  side  (as 
aeSia  —  l^  the  shortest  distance,  o'  6,  from  the  same  side  to  its  opposite  angle  6. 

It  foflows  also  that  p  G  =:  ^  p  d,  as  in  Rule  (14). 

(15).  TrapcsiiUBi  or  limpemotd,  Fig.  18.  For  trapezoids,  see  also  Rule 
<16).  Draw  the  two  diagonals,  a  e  and  6  d.  Divide  either  of  them,  as  a  e,  into 
two  equal  parts,  a  m  and  e  m.  From  6,  on  6  d,  lay  off  6  n  —  d  «  (or  from  d  lay  off 
dn  ■*  o«).    Join  mn.    G  is  in  mn^  and 

w*  G        —  J^  wi  n. 
(O  is  the  center  of  gravity  of  the  triangle  a  e  n). 


^ig.  18 


ITig.  10 


(15a).  Or,  Fig.  19,  find  first  the  centers  of  gravity,  m  and  «,  of  the  two  tri- 
angles, ebd  ana  a  b  a,  into  which  the  trapezium  is  divided  by  one  of  its  diago- 
nab,  6d.  Join  mn.  Then  find  the  centers  of  gravity,  o  and  p,  of  the  two 
triangles,  dac  and  6ae,  into  which  the  trapezium  is  divided  by  its  other 
diagonal,  a  c    Join  op.    Then  G  is  the  intersection  of  m  n  and  op. 


yVjOOgle 
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(16).  TimpeaoM  o&lv-.  Fig.  20.  O  is  in  the  line  ef  joining  the  oenter^ 
« and/,  of  the  two  parallel  aidea,  ab  and  ed.  To  find  its  position  in  said  line, 
prolong  either  parallel  side,  as  a  6,  in  either  direction,  say  toward  i;  and  make 
b  i  equal  to  the  opposite  side,  c  d.  Then  prolong  said  oppomte  side,  c  d,  in  the 
opposite  direction,  making  aA  —  a  6.   Join  hi.   Then  O  is  the  intersection  of 


h  i  and  ef.    Or 


3 


2ab  +  cd 
ab  4-  ed 


or    oO       «s 


en 
3 


2ah  -f-  ed 
ab  +  cd 


b   e  a 


(IT).  Refpnlar  pol]r|^ii.    G  is  the  center  of  the  figure. 

(ITrt).  ImgulAr  poly-soA.  If  the  polygon  be  divided  into  any  two 
portions,  as  by  any  diagonal,  Q  must  be  in  the  line  (of  gravity}  joining  the 
centers  of  gravity  of  those  two  portions.  If  we  again  divide  the  whole  polygon 
into  two  other  parts  by  another  diagonal,  and  join  the  centers  of  gravi^  of 
those  two  parts,  G  is  the  intersection  of  the  two  lines  of  gravity. 

(IT 6).  Or  we  may  divide  the  polygon  into  triangles,  find  the  center  of 
gravity  of  each  triangle,  by  Rules  (14),  etc.,  and  then  find  O  by  general  Role 
ri),(2)or(6). 


Fig.  SI 


(18).  Circular  aeetor,  aobc,  Pig.  21.    (Center  of  circle  at «). 

eO  -        I  radiusac  X  S^^SI^        .  radius*  X  chord ^ 
3  arcao&  3  X  ftrea 

For  length  of  arc,  see  p.  Ul. 

(18a).  If  the  sector  is  a  sextanty 

c  O        —  radius  X  —         —  radios  X  0.63W. 

TT 

(186).  If  the  sector  is  a  qnadimnt,  Fig.  22, 

—  radius  X  0.6002. 


4                    \/  2 
cO  —         —  radius  X  — 

3  TT 


cac  —         a;G  =— 


4  1 

~  radius  X  

3  7r 


(18  c).  If  the  sector  is  a  seml-olrcle, 

ea        —  -  radius  X  —  —  radins  X  0.42tt 

a  If 


—  (approximately)  radius  X 


14 


88 
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(19) .  CirevUir  seipncBt,  a  o  6  «,  Fig.  23.    (Center  of  <)irole  at «). 

cube  of  chord  a  b 


cG 


(10  a).  If  the  segment  iB  a 
4 


cO 


12  X  area  of  aegoient 

—  radius  X  0.4M4 


(For  aread  negment,  sea  p.  146). 


—  ~  ladiiu  X  — 
*  ir 


14 


—  (approximately)  radius  X  --,^ 


^^^Vig.aa 


«0).  Cjolotd,  Fig.  24.    (Vertex  at  v). 


6 


,  (91).  ParalMila,  a  be,  Fig.  25.  o e 
is  the  base;  az  and  ex,  ordinates; 
and  the  height  or  nxip,  bx,  an  ab- 
scisfita.  Center  of  grayity  at  Gy  in  the 
axis  X  6,  and 

2 
xG         —  —  «6. 

o 

(91  a).  Semi- parabola,  aba;  or 
ebx.    Center  of  gravity  at  G',  and 


xQ 


xb; 


OCT         — 


(99).  Blllpae,  mnop,  Fiff.  26.     The  oenter  of  gravity,  c,  of  the  whole 
ellipse  is  at  the  center  of  the  ngure. 


G  is  the  center  of  gravity  of  the  quarter  ellipse,  one» 
G'    "  "         "  "       "   >^«if  "       «o«. 

Q^f      it  M  U  ti 


G'    "  "  ""  "        "   half  "       nop, 

M  u  It        11      ti  It      mno, 

4         _     1  .       ; .    14 


C  Ci'  -B  —  0  c  X  —  0.4244  0  «  —  (approximately)  -rr-  o  c. 

8  IT  •*** 


?G"-.G'G  —  —  en  X  —  —  a4244  e*  —  (approximately)  -^  ««. 
3  ir  •* 
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(a3).  Any  plaiie  flgiura.  Draw  the  figure  to  8c»le  on  ^«*«»^-^S^ 
Cut  it  out  and  balance  it  in  two  or  more  positions  over  the  edge  of  a  table  or 
on  a  icnife-edge;  and  mark  on  it  the  several  positions  of  the  supporting  edge. 
Where  these  intersect  is  the  center  of  gravity.  Considerable  care  is  of  course 
necessary  to  obtain  very  close  results  by  this  method.  Before  balancing  the 
card,  its  upper  edges  should  be  marked  off  into  small  equal  spaces.  Otherwise 
it  will  be  aEcult  to  locate  the  positions  of  the  supportmg  edge.  1  tie  PaPf ' 
on  which  the  figure  is  prepared  must  of  course  be  so  stift  th^the  figure  wiu 
not  bend  when  biJanced  on  the  knife-edge.    See  Rule  (6),  p.  850. 

B.   SVKFACBS  OF  SOIilOS.* 

(34).  Curved  surface*  of  spbere  or  si^eroid  (eUliMoid).  O  is  the  center 

of  the  figure.  ^  

(aS).  Curved  surface  ♦  of  any  splierleAl  xone,  as  a  •phcrftcal  Msmcmt, 

liemtoplieie,  etc..  Figs.  27.    G  is  the  center  of  the  axis  or  height,  a o.t         " 
In  the  lieiatopl&«i«9      o€k       ^  \i  radiiis.t 


ITig.sr 


(26).  Right  or  oblique  prtam,  whose  ends  are  either  regular  figures  (p.  UOj 
or  parallelograms  (this  includes  the  oabeandother  p»r«llelopiped»)|  and 
rieht  or  oblique  cylinder  (circular  or  elliptic).  Surface*  (either  including 
both  or  excluding  both  of  the  two  parallel  ends).  O  is  the  center  of  the  axis, 
or  line  joining  the  centers  of  the  two  parallel  ends. 

(37).  Curved  surface  *\  of  right  cone,  Pig.  28  (circular  or  ell  iptic),  or  slanting 
surfaces  *t  of  right  regular  pyrmnkia.  Fie.  29.  G  is  in  the  axis  oa  (thelme 
joining  the  apex  and  the  center  of  the  base);  and 

In  an  oblique  cone  or  pyramid,  the  perpendicular  distance  of  G*  from  the 
base  is  one-third  of  the  perpendicular  height,  as  in  the  right  cone  and  pyramid; 
but  doe$  not  Ue  in  the  taiB. 


(38).  Frastnma  with  top  and  base  parallel,  Figs.  30  and  31.  Carved  sor- 
face*t  of  frustum  of  right  cone  (circular  or  elliptic);  or  slanting  6urfoces*t  of 
frustum  of  right  regular  pyramid.  G  is  in  the  axis  o  a  (the  line  Joining  the 
centers  of  the  two  parallel  ends);  and 

-J.  _  J_  circumference  of  o  -f-  2  circumference  of  a. 

3  circumference  of  o  -f  circumference  of  o. 

♦We  treat  now  of  the  surfaces  of  solids,  not  of  their  contents  or  volumes  or 
weightaL    For  these,  see  Rules  (29),  etc.,  pp.  351/,  etc. 
t  If  the  top  or  Imac  is  to  be  Included,  see  Rules  (1)  and  (2),  p.  340. 
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in  the  OrautMM  aC ^, 

h  c  and  d  e)  instead  of  «b»  Srcumferenoea. 


Nn&f  Fig.  30,  we  may  u«e  the  radH  of  ihe  two  ends;  and 
m,  renlar  pgrramld.  Fig.  31,  i 


,  any  tide  of  each  end  (as 


ITig.  30  Kiu.  31 

80UD8. 

In  the  following  rales  for  center  of  gravihr  of  solids,  the  solid  is  supposed 
to  be  homogeneous;  «.  e.,  of  uniform  density  throughout;  so  that  the  center  of 
gravity  is  the  center  of  magnitude  or  of  volume. 

(99).  gpl&ere  and  sfiliieroM  (elllpaolcl).    O  is  the  center  of  the  body. 

(30).  IieiiUaplft«r«,  Fig.  32.  (Center  of  sphere  at  e).  Height  c  T  —  radius 
e  6.    O  is  in  the  axis,  c  T,  and 


eO 


-T''' 


(31j.  Spherical  sector,  Fig.  33. 


—  —  radius  cb. 

(Center  of  sphere  at  c). 
h 


Fig.  34 


(33)«  Spberteal  aegnMiity  a  «ra  &  T,  Fig.  34.    Center  of  sphere  at  c   Center 
of  dose  at  m.   Rise  or  height  of  segment »  m  T  —  A.   O  is  in  the  axis  m  T ;  and 
3  _  (2  radius  c  ^  of  sphere  —  height  >)» 


4  3  radius  ci^  of  sphere  —  hei^t  h 


eO-'  ^         

_        height,  h        2  (radius  >n6  of  base)*  +  (height,  A)> 

***  2  ^3  (radius  mb  o{  base)*  +  (height,  h)» 

^_  height,  h  v,  4  X  radius  c 5  of  sphere  —  height,  h 
4  3~X  radius  c  6^f  spf^ere  -~  height,  h  ' 


ISTigi  SO 

(33)«  SplMHcal  xoney  Fig.  33. 

oi      ■  2 (radius  o 6  of  hg^^e)*  4-  4  (radius  t e  of  top)^  -f  (height  o <)» 
2  3  (radius  o  6  of  base)*  +  3  (radius  t  c  of  top)^  +  (height  o  t)*  ' 


oO  — 


(84). 
and  other  i 
or  irregular,  righ 
of  gravity  of  the  two  «iida. 
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(34a).  A  very  short  cylinder  or  prism ;  as  a  flat  bvdjf  such  as  an  iron 
plate,  etc.  Find  the  center  of  gravity  of  its  Bwrfaee.  (liules  13  lo  23).  The 
center  of  gravity  of  the  body  is  in  the  middle  of  its  thickneae,  immediately 
under  the  point  so  found. 

(35).  Ungrula  of  a  cylinder,  circular,  or  elliptic  (provided  one  of  the  axes 
of  the  ellipse  coincides  with  the  oblique  cutting  plane);  right  or  oblique. 
Figs.  36  and  37. 


S^l«.  36 


B'ie.a? 


Let  O  T  be  the  axis  (joining  the  centers  of  gravity  of  the  ends),  and  X  N  a 
line  drawn  parallel  to  the  axis,  in  the  plane,«A  BCD,  passing  throueh  the 
axiR  and  through  the  uppermost  and  lowermost  points  C  and  D  of  the  oblique 
cutting  plane.    Then  the  position  of  G  in  the  plane  A  B  C  D,  is  found  thus: 

OX      -2_5x— ^— • 

2  4  ^  *  2h  +  a/ 


(35  a).  Figs  .38  and  39.    If  the  oblique  plane  C  VmeeU  *he  base,- A  B,  at  A, 
that  AsO,  wnileC  D  remains  a  complete  ellipse  or  circle,  this  becomes  ~ 


,80 


A  O  X  B 


O  X 

ITi^.  3d 


.S'iff.SO 


ox    -5B, 


XG       « 


XN 


-A*^ 


(86\  Cone,  Figs.  40  and  4t,  circular, 
elliptic,  etc.,  right  or  oblidue;  or  pyra- 
mid, regular  or  irregular,  right  or 
oblique.  The  center  of  gravity  G  is  in 
the  axis  O  T,  drawn  frorr.  the  apex,  or 
top,  T,  to  the  center  of  gravity  O  ot  the 
base;  and 

OT 
OG       "—. 


^"1^.4:0 


JETiS.  41 


Hique ;  or  of  a  pyramid,  regular  or  irregular,  right  or  oblique ;  provided  the 


f37).  Frustitm  of  a  cone,  Figs.  42  and  43,  circular  or  elliptic,  risht  or 
oblique ;  or  of  a  pyramid,  regular      '  * 

two  ends  A  B  and  C  D  are  parallel. 

Gall  the  area  of  the  large  end  A,  and  that  of  the  small  end  a ;  and  let  h  be 
the  height  O  Z  of  the  frustum,  measured  along  its  atis.    Then 
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6  is  in  the  axis  O  Z,  which  joins  the  centers  of  gravity  O  and  Z  of  the  two 
ends;  and  its  distance  from  the  base,  A,  B,  mtatwed  along  the  axis^  ia 


CO     -      J!L 

4 


A    4     2  /a  a     +    8a 


A    + 


/Ai 


(37  a).*  In  a  fimstom  of  a  droiilar  cofne,  right  or  oblique,  with  parallel 
ends,  this  becomes 

Jl     X    R^    +    2  R  r    +    3  r* 
* 


OO     -> 


R«    +       Kr    + 


r«  ■ 


where  R  and  r  are  the  radii  of  the  large  and  small  ends  of  the  flrastum 
respectively. 

(38).  Figs.  44  and  45.  Fruatnm,  A  B  C  D,  of  a  oone,  circular,  elliptic, 
etc.,  right  or  oblique;  or  of  a  pTramid,  regular  or  irregular,  right  or  oblique; 
whether  the  ends  are  parallel  or  not.  By  rule  (3(>)  find  the  center  of  gravity 
N  of  the  entire  pyramid  (or  cone,  aa  the  case  may  be)  A  B  T,  of  which  the 
frustum  forms  the  lower  part;  and  the  center  or  gravity  S  of  the  smaller 
pyramid  or  oone  D  G  T  (=»  entire  pyramid  or  oone,  minus  the  frustum).  AUo 
nnd  the  voluTne  of  each :  thus, 


Wis.  4r4 

Volume  of  pyramid  or  cone 
and 


area  of  base  X  perpendicular  height 
3 


Volume  of  volume  of  volnme  of 

the  frustum    «-    entire  pyramid    —      smaller     . 

A  BCD  or  cone,  A  BT  one,  DC  T 

Then  the  center  of  gravity  O  of  the  frustum  A  B  C  D  is  in  the  extension  of 
the  line  SN;  and  ,  .         ..  ,.  ^^,« 

volume  of  smaller  pyramid  or  cone,  D  C  T 
NG    =•    SN   X  volume  ofli-ustum,  A B C D 

(39).   Paraboloid.    G  is  in  the  axis,  and  at  one-third  of  its  length  from 
the  base. 
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Art,  60.    Tike  Inclined  Pl«n«  is  a  riff  id  straight  plane  surDftce,  as  a  &, 
Fig.  63,  not  horizontal.    If  a  vertical  line  b  eoe  drawn  from  the  top  6  of  the 

8 lane,  to  meet  a  horizontal  line  a  c,  drawn  from  its  bottom  a,  then  6  e  is  called 
le  height  of  the  plane ;  a  e  its  base ;  and  a  b  its  length.  The  angle  6  a  e,  which 
the  plane  forms  with  the  horizontal  line  a  c,  is  called  its  inclination,  slope,  or 
steepness;  which,  however,  is  freauently  expressed  also  by  the  proportion 
which  the  base  bears  to  the  height;  thus^  if  the  length  a  <;  of  the  base  be  1, 
1%,  2,  &e.,  times  that  of  the  height  b  c,  the  mdination  or  slope  is  said  to  be 
1  to  1, 1^  to  1, 2  to  1,  Ac.  The  angle  {>  a  c  is  the  avgle  ofindinatton  of  the  plane. 


When  one  rigid  body  as  N  or  M,  Fig.  63,  is  placed  loosely  upon  another. 
&s  upon  the  rigid  plane  •  6,  the  effect  produced  dv  its  weight  is  the  same  as  if 

311  that  weiel^were  cocicentrated  at  its  center  of  gravity  y,  and  acted  in  the 
irection  of  a  vertical  line  g  v  drawn  through  saiacenter.  When  we  assume 
the  weight  to  be  thus  concentrated  at  the  point  g,  we  must  remember  that  all 
other  parts  of  the  bo<fy  must  be  considered  to  be  without  weight;  although  still 
retainmg  their  inherent  cohesive  force,  or  strength. 

If,  as  in  N,  this  vertical  line  g  v,  whioh  now  represents  the  direction  of  the 
mtire  weight  of  the  body,  passes  beyond,  or  outside  of  the  base,  the  body  must 
tall. 

But  if,  as  in  the  body  M,  the  line  g  v  falls  within  the  base  r  «,  the  body  will 
not  upset:  but  we  shall  have  a  force  g  v  equal  to  the  weight  of -the  body,  and 
Mplied  obliquely  to  a  rigid  surface  a  6,  at  the  point  v;  and  consequently 
(Art.  26  b,  p.  .318 Oi  resolvable  into  two  components;  namely,  iv, perpendicular  to 
the  surface  a  b\  and  therefore  imparted  to  it  as  a  pressure;  Moid  x  v,  parallel  to 
the  surface,  and  consequently  not  imparted  to  it.  All  these  Hues  may  be  drawn 
by  scale,  to  represent  their  respective  forces.  When  we  consider  a  smgle  force 
as  9  V  to  be  thus  resolved  into  two  components,  with  a  view  to  ascertaining  their 
effects,  it  is  plain  that  said  single  force  must  then  be  considered  as  no  longer 
existing;  but  as  being  replaced  by  its  components.  No^  the  component/orea 
X  0  being  parallel  to  the  plane,  it  follows  (Art  25,  p.  318«),  that  th^  pressure  or 
strain  i  v,  cannot  oppose  the  oruss  action  of  the  sliding  force  x  v,  and  x  v  must 
therefore  produce  motion  in  the  body,  causing  it  t6  slide  dawn  the  plane, 
were  it  not  for  the  friction,  the  amount  of  which  depends  upon  that  of  the 
pressure;  as  also  upon  the  degree  of  smoot^ess  of  the  surfaces  in 
contact,  ana  upon  whether  they  are  lubricated  or  not  If  the  friction 
IS  equal  to  the  force  x  v  bn  the  opposite  direction,  the  body  of  dourse  can- 
not move;  but  if  less,  it  will  move,  under  the  action  of  a  force  equal  to 
the  excess  of  »  v  over  the  fHction.  It  must  be  remembered  that  the 
pressure  component  i  v,  which  produces  friction  on  an  inclined  plane, 
is  not  equal  to  the  weight  of  the  body,  but  is  less  than  it.  It  is  equal 
only  when  the  BurfiM>e  is  horizontal,  so  tlmt  the  vertical  force  q  v,  represent- 
ing the  entire  weight  of  the  body,  is  at  right  angles  to  the  joint,  and  when, 
consequently,  it  all  acts  as  pressure.  Therefore,  the  steeper  the  plane 
becomes,  the  less  is  the  friction ;  because  then  less  of  the  weight  of  the  body 
acts  as  pressure,  and  more  of  it  as  moving  force.  Hence,  a  locomotive  has 
Ipps  adhe<aion  on  an  inclined  grade,  than  on  a  level ;  for  the  so-eaHsd  adhesion 
is  in  reality  nothing  but  friction.  Hut  although  both  the  perpendicular  pres- 
sure and  the  friction  become  less  in  amount  as  the  plane  beoomoa  steeper, 
yet  they  retain  nearly  the  same  proportion  to  each  other. 
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-  It  is  eTident  that  when  Vd  wish  to  puBh  a  body  tip  ftn  inelined 
plaue,  we  must  overcome  both  the  friction  and  the  parallel  force  x  v ;  but  in 
pushing  it  down^  we  are  opposed  only  by  the  friction;  for  the  parallel  force 
assists  us. 

.^*^  ®^*  Experiment  has  determined  the  amount  of  friction  which  takes 
place  between  the  surfaces  of  such  materials  as  are  employed  in  construction ; 
that  is,  it  has  determined  the  proportion  (or,  more  correctly,  the  ratio)  between 
the  prepare  and  the  friction.  Any  person  may  easily  do  this  for  himself, 
thus:  a  body,  as  M,  Fig.  63,  i»placed  upon  the  plane  surface  ab;  of  which  one 
end,  as  6,  is  gradually  raised  until  the  body  is  barely  about  to  begin  to  slide. 
When  this  takes  place,  we  know  that  the  force  xvfuu  become  barely  equal  to 
<A«/rictton.  and  the  angle  6  «<L  which  the  plane  then  makes  with  the  hori- 
aontal  a  <>,  is  called  the  mgU  of  friction,  or  lunitm§  cmgU  of  renatamee,  or  angU 
ef  repo$e,  for  the  particular  kind  of  snr&oe  experimented  on. 

Now,  a  little  reflection  will  show  tliat  whatever  may  be  this  angle  6  •  e,  of 
fHction,  the  line  x  v,  which  measures  not  only  the  parallel  force,  but  also  the 
friction  existing  at  that  moment,  is  to  the  line  i  v,  which  measures  the  per- 
pendicular pressure  (not  the  weight  of  the  body;)  as  the  vertical  height  6  c  of 
the  plane  at  the  same  moment^  is  to  its  horizontal  base  a  c  That  is,  at  ih» 
point  of  alidUngt 

Friction  :  Perpendicular  pressure  ::  Height :  Base; 

*^'«        •  Base :  Height  ::  Perpendicular  Pressure :  Friction. 

Therefore,  when  a  body  barely  begins  to  slide,  measure  a  c  horisontally,  and 
b  e  vertically;  divide  the  last  by  the  first,  and  the  quotient  will  be  the  pro- 
portion which  the  friction  of  the  bodiee  experimented  upon,*  beara  to  the 


fres.perp  ka  plane. 

pressure  which  causes  it.  Or,  measnre  Ihe  angle  b  n  e  itk  degrees,  Ac;  the 
tangent  of  this  angle  will  be  that  same  proportion.  This  proportion  is  called 
the  coefficient  of  friction  for  those  bodies;  a  table  of  whicn  will  be  found  on 
page  373.  A  horuontal  line  d  p,  drawn  from  g,  and  terminating  in  v  i  extended, 
win,  when  measured  by  the  same  scale  as  g  v,  t  v,  x  v,  give  a  horixontal  force 
which,  without  the  aid  of  friction,  would  prevent  the  body  from  moving  down 
the  plane.  Or,  if  the  length  a  b  of  the  plane  be  taken  by  scale  to  represent  the 
weight  of  a  body,  then  bL  perpendicular  to  a  b,  to  meet  a  c  produced  at  1^  will 
give  that  same  horizontal  force. 

Art.  6^.  If  the  length  m  n,  Fig.  63^  of  an  inclined  plane, be  taken  by  a 
scale,  to  represent  the  weight  in  lbs.,  tons,  Ac,  of  any  body  placed  upon  it; 
then  the  base  o  n  will,  by  the  same  scale,  give  the  perpendicular  pressure  in 
lbs.,  tons,  &C.J  which  the  body  Imparts  tor  the  surface  of  the  plane;  and  the 
height  m  o  will  give  the  amount  of  force  parallel  to  m  n,  and  which  tends  to 
move  the  body  ofown  the  plane,  either  by  sliding  or  rolling.  If  the  pressure 
o  a  be  multiplied  by  the  proper  coefficient  of  friction,  the  product  will 
plainly  be  the  actual  amount  of  frictional  resistance  in  lbs.,  Ac,  which  the 
surfiice  win  is  capable  of  oflferlng.  If  the  friction  thus  obtained  proves  to  be 
greater  than  or  equal  to  the  sliding  force  m  o,  then  the  body  will  remain  at 
rest  on  the  plane;  but  if  less,  then  sliding  or  rolling  down  the  plane  will  be 
the  result;  and  the  amount  oi  force  which  ctorto  or  begins  the  motion,  will  be 
equal  to  the  excess  of  m  o  over  the  friction.  As  the  motion  continues,  this 
excess,  if  it  continues  to  act,  will  accelerate  the  velocity.  When  a  body  is 
placed  upon  an  inclined  plane,  m  n  Pig.  63V^  whether  it  slides  or  not,  the 

Sliding  force  (parallel  to  surface  of  plane)  —  weight  X  sine  of  tn  n  o. 

Pressure  (perpendicular     ««        «       «    )  — weight  X  cosine  of  w  no. 

Maximum  friction  (parallel  "  "  "  )  =  weight  X  **  "  "  X  co- 
efficient of  frlcticn.  For  the  friction  does  not  vary  as  the  angle  of  slope  of 
the  plane,  but  as  the  eoeine  of  that  angle ;  or,  in  the  same  manner  as  the  per- 
penaicular  pressure  varies. 

Bz.  1.   SuppMe  we  wish  to  Hide  a  wooden  box  IC,  Pig.  83,  llUed  with  stone,  and  weighing  in  nU 
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1, 19  tlM  iroB  rails  oT  an  iDoHatd  plans,  sloping  V;  what  force  most  we  ose,  paralld  to  tkB 
plane ;  assuming  the  ooeff  of  wood  on  iron  to  be  .i,  or  -Ar  of  the  perp  pros  T    Here  we  have  to  over* 

~  w,  as  jaii 


oome  the  parallel  foroe  x  «,  and  the  Mo.     Now, 
.  wt  X  nat  sine  of  slope.  =  12U0  X  .087  =  lOi.4  lbs. 


Qst  Stated,  this  parallel  fbroe  «  v  is  eqnal 
"'     -  ■    •  Q08  of  slope  X 


The  fric  ia  equal  to,  wt  X  nat 
ooeff  of  frio:  =  1200  X  .986  X  .i  =  i7U.  Ck>nseqttenUj.  104.4  4-  *78  =  582.4  lbs,  is  tbo  foroe  rw|d'.  ii_ 
faot,  bowerer,  this  foroe  merely  bakmcet  the  downward  tendency  of  the  box,  together  wUh  its  frio ; 
thus  rendering  them  incapable  of  resisting  any  additional  upward  foroe ;  but  it  is  plain  that  we  mnafe 
apply  $ome  additional  force,  in  order'to  impart  motton  to  the  now  nn  resisting  box. 

Now,  suppose  we  wish  to  slide  the  box  down  the  plane,  what  force  most  we  use  7  Here  nothingre- 
Bists  us  but  the  frio,  just  found  to  be  478  lbs.  Thebarallel  fqcoe  helps  ns  to  the  amount  of  104.4  »• ; 
therefore  we  need  only  to  add  4T8  —  104.4  =  373.6  lbs. 

The  box  will  then  be  upon  the  point  of  moving.    Any  additional  force  will  moTO  It, 

For  aeceleraUon  on  ineliiied  planes  see  p  363. 

The  foUowing  takle  wiU  flMUitata  ealoolatiooa  reqteetiag  tbo  draft  required  m  grades.  iBoUaed 

planes,  Ac.    In  pvaetiee,  allowanee  for  friction  most  be  maile 
in  tiie  liMit  8  colli.  Original. 


Pres.  on 

or  Slope  of  the  PlanOb 

Plane,  in 

Pres.  on 

down  the 
Plane,  in 

TeadoMj 

__.  ._      ▼ertlcal  height 

parts  of  the 

wt.    Or,  nat. 

eos.  of  angle 

of  Plane! 

Plane,  in  As 
per  ton. 

parts  of  the 

wt.    Or.  nat. 

sine  of  angle 

ofPlani 

devatlM 
Plane,  in  fta 

line,  0016. 

per  ton. 

Vert.     Hor. 

Ft.permilo. 

Deg.  Ilia. 

1    In       8. 

1760.00 

18     36 

.948T 

2125 

J162 

106. 

1    in-      4.- 

isao.oo 

14       2 

.9702 

2178. 

.3425 

548. 

1    in       &. 

1056.00 

11      19 

.9606 

2196 

.1962 

439. 

1    in       6. 

880.00 

9      28 

.9664 

2210 

.1645 

868. 

1    in       & 

660.00 

7        8 

J»23 

2228 

.1242 

278. 

1    in       i>. 

588.66 

6      20 

J939 

2226 

.1103 

247. 

1   in     la 

528.00 

5      43 

.9990 

2229 

.0096 

233. 

1    in      11.4 

461.94 

5      00 

.9962 

2231 

.0672 

196. 

1    in     12. 

4404)0 

4      46 

.9965 

2232 

.0631 

186. 

1    in      14.S 

369.23 

4      00 

.9976 

2232 

.0696 

156. 

1    in      15. 

852.00 

8      49 

.9978 

2238 

.0666 

149. 

1    in     19.1 

2T6.73 

8     00 

.9986 

2237 

.0528 

117. 

1    in     20. 

264.00 

S     52 

.9987 

II 

.0500 

112. 

1    in     23.1 

229.04 

2      30 

^ 

.0436 

97.7 

1    in     25. 

211.20 

2      17 

2238 

.0896 

89.S 

1    in     28.6 

184.36 

2      OO. 

MH 

.0349 

78.S 

I    in     30. 

»■"'  "A 

1      55 

t< 

.0334 

74.8 

1    ia     32.T 

1      45 

J86ft 

2239 

.0305 

66.4 

1    in     S&. 

1      88 

JM96 

.0aB5 

68.8 

1    in     S&2 

1      30 

JW»7 

2240 

.0262 

5&6 

1    in     40. 

1      26 

.0260 

56.0 

1    fn     45.8 

1      15 

•« 

M 

.0218 

488 

1    In     50. 

1 

1       9 

.9996 

«« 

.0901 

45.0 

1    in     57.3 

1       0 

«• 

.0175 

89.1 

1    In     60. 

0     57>< 

.9999 

«• 

.0167 

87.4 

1    in     10. 

0     49 

n 

.0148 

83.0 

1    in     76.4 

0     45 

•« 

*• 

.0131 

29.8 

1    in     80. 

0      43 

•• 

n 

.0125 

38.0 

1    In     W. 

•      88 

•• 

«( 

.0111 

94.9 

1    in    100. 

0     34 

1.0000* 

It 

.0100 

22.4 

1    in    114.6 

0     30 

•  • 

.0067 

19.6 

1    In    125. 

0     27H 

«• 

<t 

17.9 

1   In   isa 

0      23 

u 

<i 

!0067 

15.0 

1    in    115. 

0      19K 

•• 

♦« 

.0067 

12.8 

1    in    20a 

•mf>-w^ 

0      17 

•« 

•« 

.0060 

11.3 

1    in    229.2 

23.04 

0      15 

9.n 

1    in    25a 

21.12 

6      14 

<( 

«t 

!604l 

9.18 

1    In    300. 

17.60 

0     UH 

•• 

«• 

.     .0638 

7.89 

1    to    S4S.» 

15.85 

0      10 

•« 

«• 

.0069 

6.S1 

1    In    40ti 

18.20 

0       8K 

•« 

•  • 

.0025 

8.09 

1    in    500. 

10.56 

0       1 

•♦ 

«• 

.0020 

4.48 

1    in    600. 

8.80 

0       6 

«• 

«• 

.OOIT 

8.81 

1    in    800l 

6.60 

0       4H 

♦« 

t< 

.0018 

S.9I 

1    in  1000. 

5.98 

•     UH 

•» 

«• 

.0010 

1.94 

1    In  3437. 

1.54 

0        1 

•• 

tt 

.0006 

•46 

Level. 

OjOQ 

0       0 

ki 

" 

.0000 

0.00 

For  other  t«l»les  of  nrrades,  see  pp  176, 728, 724, 726. 

Art.  63.  The  foUowing  principle  is  one  of  great  practical  importance.   When 

•  Near  eaongh  Ibr  pracUce ;  actnallj  .99995,  or  lets  bgr  one  part  In  30OQO,  or  aboat  I  ft  In  9  tons. 
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ft  plane  ws,  Fig  6i,  has  Just  that  inclination,  jf «  w,  at  which  the  fric  of  any  giyen 
body  is  balanced ;  and  sliding  is  about  to  commence,  from 
the  action  of  any  force  h  o,  applied  to  the  plane,  through 
the  body,  in  any  dirckstion  h  o,  not  perp  to  it;  if  firom  the 
point  o  of  application,  we  draw  a  line  on,  at  right  angles  to 
the  surf  of  the  plane,  then  the  angle  hop  will  always  be 
equal  to  the  angle  of  fric  yxw  of  the  body.  If  the  plane 
is  so  steep  that  sliding  must  take  place,  then  the  angle 
formed  between  the  force  h  o,  and  a  perp  op  to  the  plane,  be- 
comes greater  than  the  angle  of  fric ;  but  If  the  steepness  is 
so  slight  tiiat  the  body  rests  firmly  on  the  plane,  then  said 
angle  is  le«s  than  the  angle  of  firic. 

The  praoUcal  application!  of  this  principle  are  reiy  nameroas ;  ttaej 
extend  to  preaeuree  in  any  direotionc  wbatever ;  and  applj  to  plane 
■urfo  in  anj  position  vtaatever,  whether  inclined,  rert,  or  hor ;  for  anj 
given  pre*  produces  precisely  the  same  amount  of  fric,  whether  we  im- 
part it  to  the  ceiling,  the  floor,  or  the  wall  of  a  room ;  provided  they  all 
be  of  the  same  material.    The  uigle  of  fk-ic  of  cut  sione 
npoa  out  stone  is  about  t'/^ ;  that  is,  one  block  of  cut  stone 
will  not  slide  upon  another  at  a  less  slope  than  about  S2P ; 
the  frie  then  being  full  ^  of  the  pres.    Therefore,  if  the 
floor  /,  Fig  65,  celling  c,  and  walls  w,  w,  of  a  room  be  of 
cut  stone ;  and  j>,  p,  p,  p,  lines  at  right  angles  to  them  ;  we 
may  press  a  piece  •  of  out  stone  against  them  with  any 
force  whtUewer,  applied  in  the  direction  of  the  stone  iuelf, 
withoat  danger  of  its  sUding;  provided  only  that  the  dl- 
rection  of  the  pres  along  •  does  not  form  with  the  perp  p 
an  angle  exceeding  S20.      But  sliding  will  take  place, 
whether  the  pres  be  great  or  small,  if,  as  at  o,  o,  o,  o,  said 
angle  exceeds  SS^.    The  angle  of  fric  is,  by  some  writers. 
•ailed,  in  Mich  oases,  the  lilUiUll||r  »Il||^le  Of 

restotAiiee. 

Bern.  The  fMctlon  at  the  feet  of 
rafters  when  highlv  inclined  diminishes  very 
much  their  horizontal  pressure  and  tendency  to 
split  off  the  ends  of  the  tie-beams. 

The  an^  of  firio  of  oak  endwise  agi^nst  hard  limestone,  is,  aaoording  to 
Morin,  20^<';  therefore,  if  the  walls,  Ac,  of  a  room  consisted  of  such  lime> 
stone,  we  could  not  press  i^  piece  of  oak  endwise  against  it  without  sHdiog, 
IT  the  angle  with  j»  exceeded  20^°'.  »nd  the  legs  of  a  wooden  trestle,  Fig  66, 
would  not  spread,  on  the  level  surf  of  such  limestone,  under  any  wt  w.  If 
the  angle  a  S  c  be  less  than  Mfi^ ;  but  certainly  would  if  it  be  greater,  unless 
other  preventives  besides  frio  at  the  feet  be  depended  on.  In  this  case  the 
fHe  amonnts  to  very  nearly  -^  of  the  pres ;  that  being  the  proportion  cor- 
Weponding  to  Hf^o.  These  two  illustrations  show  how  wide  is  the  applioa- 
Mon  of  this  principle:  for  the  aniumneement  of  whioh  we  are  (the  writer 
4eUevee)  indebted  to  Moseley. 

Art.  64.  To  flnd  the  effect  of  an  extraneous  fbree  (fff,  Tim  97,) 
ImiNbrted  In  any  direction,  to  a  rinrid  body  (B)  on  an  Inellned 
plane.  4p%  when  we  know  the  angle  of  fric,  and  the  wt  of  the  body.  The  prin* 
ciple  laid  down  in  the  preceding  Art  ^ 

enables  ns  to  do  this.  I  ^ 

Throngh  the  cen  of  gray  c,  of  the  ftj- -Jr 

body,  draw  a  Tert  line  o  to ;  and  extend  •       .''  j 

the  direction  fff  of  the  force,  to  meet 
this  line,  as  at  o.  Hake  o  a  by  scale,  to 
represent  the  wt  of  the  body ;  and  o  t 
to  represent  the  amount  of  the  fbrce 
fg.  Then  is  o  a  point  at  which  we 
may  assume  both  these  forces  to  be  im- 
parted to  the  body.  (Art  29.)  Complete 
the  parallelogram  of  forces  ax  z  o^hj 
drawing  a  a?,  and  z  x^  parallel  and 
equal  to  o  x,  and  o  a.  Draw  the  diag 
X  o,and  extend  it  to  meet  the  plane,  as 
at  t.  Make  the  line  t  v  perp  to  the  surf  of  the  plane.  This  dons,  we  have  a  single 
force  X  o,  equal  in  effect  upon  the  rigid  body,  to  Its  wt,  and  fg  combined. 

Thin  single  force  may  be  considered  as  imparted  to  the  body  at  any  point  that  lies  in  Its 

Une  of  direetion  9i ;  therefore,  we  will  assume  it  to  be  Imported  at  (.where  it  eoooonters  the  totM 
of  fHo  acting  in  the  dil-ectton  «  «,  of  the  joint  formed  between  the  body,  and  the  plane.  No*,  if  k 
strike*  within  the  b»»e  «  «,t  v  being  at  right  angles  to  thU  joint,  it  follows  from  the  last  Art.  that 
If  the  angle  «  «  »  is  less  than  the  angle  of  frio  corresponding  to  the  nature  of  the  materiali  whlo^ 
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•ompoM  the  bodr  ftnd  plaoe,  theo  the  bodr  will  remain  at  r«ft4>B  (he  yiane.    Birt  if  <h«  vigWat  i« 

be  creator  than  said  angle  of  frio.  the  body  will  slide  up  or  down  the  plane,  (aooording  to  eircnm- 
staocen,  sUud  in  tbe  next  parttgrapb ;}  if  the  angles  be  equal,  the  bodjr  will  be  Just  on  the  point  of 
beginning  to  slide  either  up  or  down.  -  .  ^    ^  ^       ...    _. 

Wben  tbe  angle  z  t «  Is  on  the  cUnon  hitt  side  of  «  (,  as  in  the  flg.  tbe  twden^y  of  the  body  will  erl- 
dently  be  to  more  up  the  plane ;  but  if,  in  consequence  of  a  diff  direction  of  tbe  toxco/g,  (and  ooaae> 
oneutly  of  the  resultant  x  o,)  the  angle  x't  v  is  on  the  «^  *J«  side  of  v  (,  then  tbe  tendeney  will  be 
aouni  tbe  plane. 

Rem.  I.  If  the  dlreotioa  of  the  resultant  x  o,  or  the  point  (,  falls  outtUe  oT  its  base  s  e,  the  body, 
Instead  of  sliding,  will  upket.  It  wilt  fall  up  hiU,  if  t  strikes  p  i  up  hUl  from  tbe  base :  and  down  hiH, 
if  e  strikes  down  hill  from  the  base.    See  Art  66.  .         .,  .... 

Rbm.  3.  In  order  to  draw  tbe  p-irallelogram  of  forces  ax  319,  and  iu  resulUot  diag  x  o,  the  line  •  o, 
which  reuresenU  the  wt,  may  sometimes  have  to  be  regarded  as  putUng  instead  ot  muhing  dowa* 
ward  at  the  point  o,  where  the  other  foree  meets  it.  gee  Fig  9%,  and  Fig  M,  bd*». 


Rbm.  8.  It  follows  from  the  foregoing,  that  when  at  the  joints  y  f .  r  «. 
Big  68.  of  a  mass  of  masonry ;  or  at  the  Joints  of  Umbera  in  oarpeatry. 
iron  work.  fto.  the  frio  alone  is  depended  on  to  prevent  sliding,  tlM  t%- 
snltant  as  ig»  e.  e  o.  o  n,  Ac,  of  all  tbe  forees  aoting  at  any  joint,  most  not 


form  an  angle  m  e  <.  e  o  a,  o  n  e,  with  a  perp  «<,•«,  ne,  tot 

greater  than  the  angle  of  fHc  oorresponding  to  the  natore  of  tho  naa- 

terlals  whose  surfaces  constitute  the  joint. 

Rbm.  4.  The  extraneous  force  reqd  to  move  a  body  up  a  plaao,  will 
be  the  least  when  its  dlrecUon,  i  n.  Fig  67.  makes  with  aorr  ij»,  of  tlM 
plane,  an  angle,  n  f  j^,  equal  to  the  angle  of  me. 

Art.  65.  To  find  the  foree  required  to  prerent  « 
body  S,  Fig 69,  tnaa  moving;  when  the  direotioB,  ow,  (tf  it«  wt, 
strikes  outside  of  its  base  t(.  Thas,  suppose  we  wish  to  impart 
a  pulling  force  at  e,  and  in  the  direction  «a,  to  prevent  the  body 
trom  sliding  either  up  or  down  Um  frioUonless  plaa»  ip,  sMd 
flrom  upeetting  dowa  the  plane.  TtuxMigh  the  oeo  of  grav  e,  dmw 
a  vert  line  x  w ;  and  continue  the  line  of  direction  9f  «e  to  nsfnat 
it  at  o.  From  o  draw  0  y  at  right  angles  to  the  plane  t  p.  By  acale 
make  0  w  equal  to  the  wt  of  the  body :  and  ft-om  w  draw  wy  paral- 
lel too  a.  Make  ea  equal  to»y;  then  Isea  thereqd  fsroe,  whloh 
will  remst  all  tendency  of  the  body  to  move.  For  in  the  par- 
allelogram of  forces  o  w  y  «,  we  have  the  force  o  «p  tending  to  mako 
the  body  fall ;  and  tbe  force  o  x  (equal  to  e  a)  tending  to  prevent 
it  from  falling;  and  the  resultant  o  y.  of  these  two  forces.  eqwUto 
ih*ir  joint  egtct.  is  at  right  angles  to  the  surf  of  the  plane ;  and 
is  consequently  all  imparted  to  it  as  pros ;  no  part  befog 

left  unresisted,  to  produce  motion  in  any  direction.  For  as  befot* 
said,  when  two  forces,  as  o  w,  o  2,  are  compounded  into  oneresnli* 
ant  force  o  y,  those  two  forces  must  be  considered  as  no  longer  ex> 
Isttntf  •  thus  In  this  ease,  so  long  as  we  regard  the  joint  effect  ot  ow  and  0  «  as  being  ooneencmted 
taTheIr  rSsilSnt  o  y?7e  SlnnSt  of  course?  consider  them  a.  aoting  to  otherdlrection.  at  the  Mao 
UmeTw  that  there  is,  as  It  were,  no  longer  any  wt.ow,  tending  to  make  the  body  fall;  noraoy  foraa 
a  oTtondlM  tTuohold  It:  but  only  the  single  force  •  y,  which  paiaes  the  inert  body  against,  and  at 
JlSit  Mgl2  to.  theaurf  <  p;  Imparting  to  jt  a  tendency  to  move  only  In  tho  dinolioa  •  Wi  wW«»»  tMi- 
•         *         •  '^'     ifcncy  is  reacted  against  by  the  toherent 

cohesive  force,  or  strength,  of  the  plane. 


/"■^w  -«v    m,    ^.-^^  «  If  the  body  is  prevented,  by  friction  ^r 

f  ^Ar*"^^^  ■'^  by  a  stop  at  Its  lower  tbe  t,  tt*tA\mt^ 

\      O  -^  /  down  the  plane,  and  we  wish  toknow 

\\Y  -'         


Fig.69a 

directum  ta  before,  will  evidently  be  much  «*or«er. 


the  least  force  in  the  direetioa  0  «  which 
ill  just  prevent  the  body  from  over- 
turning about  t ;  Uie  line  of,  Instead  of 
beiug  drawn  perpendicular  to  the  plane 
ip  as  in  Pig  69,  must  be  drawn  from  • 
through  the  lower  toe  I  as  in  Fig  69  a. 
The  Imeii  ow  and  ay  of  the  parallel-  HJrf  7ll 
ogram  o«y  10,  representing  the  weight  •■■•s***' 
of  the  body,  will  of  coarse  remain  the  *^ 
same  as  for  the  same  body  In  Fig  69.  but 
the  lines  0  m  and  w  y.  representing  the 
eitraneouK  force,  although  the  aame  in 


roeal^g  that  Vedgtonce  which  its  wt  alone  enables  it  to  oppose  agiunst  fowMMtewi. 
Srtochan^i'i  portion.    Such  resistance  may  be  assisted  by  extraneous  wte,  or 


Art.  66.    Stability.    The  stebittty  of  a  8trn<^nre,  or  of  any  bodyjs^^ 
it  resistance  which  its 

Kh^iTt  m  re^K^eto?  bod'y  itself     To  insure  the  «t^^»J*y  ^f  »  «^^^^ 
disposition  of  its  parte,  as  well  as  that  of  the  entire  mass,  ranst  be  ^P^Jt^at  neither 
of  them  shall  moJe,  either  by  ilufing,  or  by  ^^^^^9.  ««^«»*  *?t^**°f  SLl^?„' 
parted  forees.    Stability  is  therefore  a  branch  of  Statica;  or  of  force*  at  reet,  or  id 
equilibrium  with  each  other;  Art  16. 
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tteMHty  HNisi  not  be  coMibM<g4  wf  Oi  streair^li.    A  ttroctvr* 

Mj  teverj  atroog.  mmI  yet  vwy  aMtabto.  A  bto«k  cT  tuot  ta  qatic  m  tnmg  wklto  •Hdlac  dmmn 
•  imootli  plane,  or  rolUag  down  a  sucp  buk,  as  wbco  rMttng  on  a  Bna  Imh*  b«Mi :  tallt  has  MabltHr 
mly  ia  tbe  laxt  eaae.  A  pyramid  •t  weak  etaalk  n^y  have  ma»  MaMHty :  wklto  a  glebe  ef  franiie 
or  east  Iron,  baa  very  liule.  We  generally  have  to  examine  (uto  the  strength,  as  well  m  the  etablUty 
or  imr  ttmctnree :  bat  It  mait  be  done  by  dlff  preeeMee.  The  itaMilty  has  refbrenoa  to  the  etroetare 
oonnidered  ss  eonsbting  of  one  or  wore  Haid  bodlee,  vhteb  may  be  ««*mI  •■  eatira  Baaaea,  bnt  bm 
koAen,  or  eA«Hr«rf<n>rfi».bv  the  applied  foreea.    Bee  Bernard  1.  Art  19. 

Tboae  foreea  whiob  tend  to  impair  the  aubllltT  of  a  stnetnrt.  are  ealled  •cKne  onea :  and  those 
vhkh  tend  to  maintain  it.  raaMliif  ones.  This  diatinetlea  la  merely  a  matter  or  eonvmlenee ;  for 
tU  the  foroea  aet,  and  resist.  % 

The  fbrees  whieh  aflbot  the  subtlity  of  a  rigid  atmotare  oonaldered  aa  one  maaa,  are  its  wt ;  •itra* 
aeoQs  wta,  or  straina ;  and  the  foundation,  or  anpport;  whloh  last  reaeta  as  an  aatlraaoltaot 
agsinst  the  othera.  When  tlieae  three  balanee  eaeh  other,  the  stmeture  ia  auble.  When  the  str«e> 
tare  is  to  be  considered  as  oomposad  of  several  rigid  bodies,  then  the  ioinu  or  sarfaoea  of  eontaet  be- 
tveen  these  bodiea  mast  also  be  regarded  as  so  many  aeeondary  Ibondations,  and  these  also  mast  re- 
Veetively  balance  tbe  forces  noting  upon  tham ;  otberwlae  these  pnrta  may  aUde,  or  ovtrtora,  whUa 
Mber  parta  may  remain  firm. 

Art.  %7»  In  order  to  gnard  agalaat  aoeldenis,  a  atraetare  BMMt  gaaerally  be  ae  daalgaed  as  ta 
k  oapaUe  of  raalatliic  moeh  greater  Ibreea  than  tboae  wht^  it  snstalna  nhder  oftliaary  elroam- 
(tueea.  Tbe  pnpftion  whieh,  with  tbie  obfaet,  va  flv<e  to  the  raaiating  foroes.  in  eaaesa  of  the  aet* 
Bgoaaa,  is  ealled  tbe  oeedMeat  •ftahOUp ;  er  simply  the  atability.  or  tbe  safety,  of  the  straotare. 
Thus,  If  we  make  It  capable  of  resisting  1,  S.  <»  g  tlmea  the  amennt  of  the  onMaary  aetlag  fcvoaa,  va 
nj  it  haa  a  atabiUty.  or  a  ooeff  of  ataUlliy.  w  a  late^,  of  1, 8.  or4. 

Art.  69.  8inc«  the  ftaUllty  of  a  gtnicnire,  (coniidfred  i^Murt  from  it*  foanda- 
tion,  coDsiits  entiraly  iu  the  resfatanoe  which  ita  ievenU  parts,  as  well  as  tbe  entire 
BUSS,  can  present  mgiijmt  both  sUding  and  oTerturainff,  it  follows  that  two  precau- 
tions, already  adrertad  to  in  prerloos  articles,  must  be  resorted  to.  Namely,  lit, 
•«iilMi4  MidUBV,  take  care  that  tbe  resultant  of  all  tbe  forces  acting  upon 
tuj  Joint,  (including  that  between  the  base  and  the  foundation,)  sliall  act  either  at 
Tight  angles  to  said  joint ;  so  as  to  be  entirely  imparted  to  it  as  strain,  (press  or  pull,) 
I  leaving  no  part  nnresisted  to  tend  to  produce  motion ;  or  else  that  it  shall  not  de- 
itUte  fh>m  a  rfgfat  angle,  to  a  greater  extent  than  the  angle  of  fric  corresponding  to 
I  fte  materials  which  compose  the  joint;  so  that  the  portion  of  it  which  is  not  im- 
l^trted  at  right  angles, shall  be  resisted  by  friction;  and  thus  be  prevented  from 
lirodscing  a  motion  ot  sliding. 

otherwise,  Inatead  of  relying  apoa  the  potMon  of  the  Jolata,  reoort  mnat  be  had  ta  «he  eekeriva 
*^fa  of  Jotni-ftutening*,  anch  aa  bolts,  spikes,  cramps.  Joggles,  mortises  aad  tenons,  mortar. 
Jl^niit.  4o.  to  prMrent  alidiDg.  Aa  to  mortar  aad  eeaoent.  however.  It  is  Important  to  reoMmber  that 
mqnently,  and  especially  in  very  massive  work,  they  have  not  time  to  harden,  or  aoqaire  their  ftiU 
itreogth,  before  tbe  acting  foroea  are  brought  to  bear  upon  them :  therefore,  great  eare  is  neoessary, 
*hen  we  ase  them  as  salwtltutea  for  position.  On  this  aoooant  we  frequently  cannot  ooosider  a  mass 
«  nuonry  to  be  a  single  rigid  body,  bat  mnst  regard  It  as  eomposed  of  several  detached  rigid 
ndlM;  the  stability  of  aaidi  af  wlrioii  mast  be  separately  provided  tor,  before  we  ean  secnre  that  of 
Uw  vhoie.  Tbeaafere,  ia  large  massive  atraotarea  of  impertaaee.  we  akoald,  aa  far  as  possible,  omit 
■U  eonaideration  of  the  atrentfth  of  the  mm-tar,  and  rely  for  atahiUty  ahiel^  apon  plaoiag  the  Joints 
ttor  naarly  at  ri^t  ani^ea  to  ib«  foroea  acting  oiwn  them. 

Art.  09.  Moment  of  stofrllity.  We  hare  already  stated  (see  Arts  46 
UMi  49)  that  the  resistance  which  any  rigid  body  as  B,  Fig  71,  opposes  against  being 
overturned  about  any  given  point  a,  is  equal  to  that 
*Mch  would  be  produced  if  the  entire  wt  of  the 
My  were  concentrated  at  its  cen  of  gravji';  and 
•cted  at  the  end  t'  of  a  straight  lever  a  t,  of  which  a 
j>  thel^Icrum ;  or  at  the  end  o,  s,  or  «i,  of  any  straight 
fever  ( Art  4d)  a  o,  a  ».  a  n ;  or  of  any  bent  lever  a  t*  n, 
«'i,  o»/>,  a  «  «,  provided  tbat  in  every  case  there  is 
the  tame  leverage  a  t,  measured  from  the  ftilcmm  «, 
u>()  at  right  M)gles  to  the  direction  mw  of  the  force 
;  of  pfav  of  the  body.  So  far  as  regards  tendency  to 
'^t  overturning,  it  is  immaterial  at  what 

point  of  the  body,  in  this  line  of  direction  »  n,  we 
conceive  the  grav  to  act ;  or  whether  as  a  push  at  o, 
or  a  pull  at  i,  as  Quoted  by  the  arrows.  We  have 
»1»  said  that  the  tendency,  or  moment,  of  this  force 
of  grav,  or  wt,  to  produce  or  to  resist  motion  about  the  fUlcmm  a,  through  the  me* 
ulam  of  any  of  these  levers,  is  found  bymult  the  force  or  wt  in  lbs,  bv  the  leverage 
I  ^i  is  feet.  The  prod  in  ft-lbs  is  generally  called  the  moment  of  the  /orc«  about  the 
I  point  a;  but  in  cases  like  that  before  us,  in  which  this  moment  becomes  the  measure 
of  the  Btalulity  of  the  body,  it  is  called  the  moment  of  gtability  (or  simply  the  ttor 
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bUity)  of  the  &o4y,  libout  that  point.  Tbareforei,  if  bodies  of  the  same  sia^  and  abape 
and  with  their  centers  of  gravity  in  the  same  position,  have  diff  wts,  or  sp  gravities, 
their  respective  stabilities  will  be  in  proportion  to  their  wts,  or  sp  grs. 

A  body  may  have  diff  moments  of  stability,  abont  diff  points.  Thus,  it  would  be 
Far  more  difficult  to  overturn  B  about  the  point  b,  than  about  a ;  because  the  leve^ 
jtge  b  i  is  214  times  as  great  as  a  » ;  and  since  the  wt  and  the  point  of  the  ceu  of  grar 
remain  unchanged,  the  moment  abont  6  is  23^  times  as  great  as  about  a. 

bortMue:  and  weighing  11 

about  tbe  toe  o.  Since  id 

'  i  dist  og.orStt  baok  froa 

\k  the  bloeli  re«isu  beini 
:  36  ft-tonB.  Now.  aappoM 
smainder  ob  e  will  weigjb 
er  from  o,  than  that  of  the 
shape,  the  diat  o  y  will  In 
)  resisting  moment  will  Im 
k>  that  although  tbe  block 
hm  H  •»  great  reateting 
rder  to  aave  mawnuy,  thi 


^  let  the  upper  part, 
rer  part,  oy,  of  B,  be 
le  remaining  part  of 
the  center  of  gm^rity 
ivUlbenearthedotf; 
•  the  dot  «.  Let  the 
>  equal,  and  their  ceu- 
1  «,  at  die  auM  hori' 
i-om  the  fukrums,  o 
the  bodies  are  to  be 
moments  of  stalnUty 
Jonseqnently  they  will 
igin  to  overturn  them, 
in  any  same  given 
y  same  given  point; 
squal  forces,  /  and  y, 
ll^     T9  -L-  appueu  uunzonuuiy  at  t  and  i.    But,  in 

3  #/%']£  order  to  entirdy  overthrow  B,  the  overtum- 

^  ing  force  must  act  through  a  greater  «p«ee, 

i  e,  must  do  more  work,  than  is  required  to  overthrow  A ;  for  A  will  be  overthrown 
when  the  force,  /,  has  acted  through  only  the  small  space  necessary  to  tnove  it  into 
the  position  of  the  dotted  lines  J.  Its  center  of  gravity  being  then  at  e,  which  is 
beyond  the  base,  A  must  necessarily  fiEtll.  But  the  force,  g,  acting  upon  B,  must  move 
through  the  longer  space  necessary  to  move  B  into  the  position  N ;  for  not  until  then 
will  its  center  of  gravity,  «,  be  in  a  position,  I,  beyond  the  base.  As  either  A  or  B 
turns,  about  its  fulcrum  o,  fh>m  its  original  position  (A  or  B)  to  that  (J  or  N)  in wWch 
it  is  about  to  fall,  its  leverage,  ao,  of  stability  plainly  diminishes,  until  tiie  center 
of  gravity  is  over  o.  The  leverage  is  then  =»  0.  Since  the  weight  remains  unchanged, 
the  moment  of  stability  decreases  (and  ceases)  with  the  leverage  of  stability,  aa  does 
also  the  overturning  moment  required  to  keep  the  body  moving.  The  overtaming 
leverag'e  varies  wil|i  the  rising,  and  subsequent  &lling,  of  the  comer,  t,  at  which 
the  force  is  applied ;  but  in  bodies  shaped  like  A  and  B  this  variation  is  but  slight, 
and  hence  the  horizontal  force,  f  or  g,  required,  decreases  nearly  as  the  leverage  oT 
stability  decrease^)  ceasing  when  it  ceases.  The  object  of  the  civil  engineer  is  gen- 
erally to  secure  liis  structures  against  beginning  to  overturn.  Hence  he  is  chiefly 
anxious  about  the  amount  of  the  force,  for  g,  Tin  pounds,  tons,  etc)  required  to  etoH 
motion ;  and  seldom  needs  to  concern  himself  about  the  amount  of  work  (in  foot- 
pounds, foot-tons,  etc)  required  to  •  -    •• 

Rem.  8.  It  is  not  alone  tb'e  wt  of  the  boi  iMM :  for 

this  maj  be  assisted  by  extraneous  wu  or  En  itself  • 

certain  degree  of  a  »1  »reb««, 

iU  subility  in  ther  irtt.   And 

a  passing  load,  wh  m.    It  ia 

true  that  the  wt  of  the  stone 

be  soft;  but  this  i  llitj;  aadi 

must  be  examined  !»*•.  of  j^ 

there  be  bat  one  a  Inoraaset 

or  diminished,  aoo  n. 

Whether  the  foj  loinre.  ^ 

graTtty .  or  pushes,  her  easM 

a  matter  of  no  im  hence  de 

rived.    We  have,  upon  oar 

stmetnres,  as  so  many  tendeneie*  to  prod  »neles  ara 

reacted  against,  or  destroyed  by  others,  th  nnoe.  mo- 

tion must  take  place.    The  onlr  peonllsrit;  lt«  aetiaa 

V;  oZwnys  wert  downward :  while  other  for  dircctiflS* 

rue  rttultant  of  gray  combined  with  other  ,-.         .       ,         C^  t^r\n\o 
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Art.  TO.  Fig  73>^  In  the  prindpal  cMes  of  stabiUty  that  imeent  tbemaelTes 
to  the  civil  engineer,  both  thv  acting  and  resisting 
forces  to  «,  /,//,  *c,  may  all  be  considered  to  be 
imparted  and  acting  in  the  same  plane;  which  is  a 
Tertical  one,  eloc^  passing  throngh  the  center  of 
gravity,  v,  of  the  structure,  mnpqrtlu:  and  of 
course,  coinciding  with  the  line  of  direction  tr  a;, 
of  its  weight,  or  force  of  gravity.    The  plane  eloe^ 

and  all  the  forces,  therefore,  may  be  considered  as  ? 

coinciding  with  a  leaf  of  paper  standing  vertically  j 
on  one  edge.  This  renders  the  calculations  much 
more  simple  than  if  the  forces  wer«  in  different 
planes;  in  which  case  diagrams  alone  would  not 
suffice  for  determining  the  resultants,  leverages, 
moments,  Ac.  See  Art  44.  Whereas,  when  they 
are  in  the   same   plane,  suchr  diagrams,  neatly  _.       _,_. 

drawn  to  a  convenient  scale,  will  usually  possess  Fig.  73} • 

all  the  accuracy  required  in  practice. 

That,  ta  examiolDg  the  «ta«ins  en  the  dtflT  pieoes  oomposing  tbe 
troM  of  a  roof,  or  of  •  bridge,  Ao.  not  onW  thetr  wti,  bat  all  the 
■training  forces,  may  be  aMoned  to  act  in  a  vert  plane  paMing 
leogthwiae  of  the  tniM  from  end  to  end :  iplitting  it  into  two  equal 
parts.  In  the  case  of  a  structore  of  masonry,  such  a«  a  retainiDg- 
vall,  or  a  stone  bridge  B,  Pig  74,  we  base  ear  oaloalations  upon  a 
thin  vert  slice  of  it,  having  a  length  a  o,  <  «,  or  y  (.  of  only  one  ft ; 
BO  matter  what  may  be  the  h«ight  ft;  or  the  (Mclmsss  y  e,  of  the 
stmotore.  Through  the  oeuter  of  this  one  ft  of  length,  we  suppose 
a  vert  plane  to  pass ;  spHtting.  as  it  were,  the  body  B  into  two  pre* 
•isely  similar  parts;  uid  all  the  forces  actually  diffiised  equally 
Ihreoghoat  the  whole  one  ft  of  length,  are  supposed  to  be  oonoen*  Iji  j  ^    t^A 

trated.  and  to  act  •ipon  one  another,  In  this  plane.    Bee  Bemark,  '  'b*   '  ** 

ArU4»and07. 

Art.  71.  In  order  that  a  rigid  bod^  ov  structure,  as  B,  Fig.  67,  p.  355,  may  be 
stable,  it  must  be  secure  against  upsetting  and  against  sliding.  Let  x  o  be  the 
resultant  of  all  the  forces  to  and  /,  acting  npon  the  base  through  the  bod^.  Then, 
if  xo  strikes  within  the  base,  «c,  as  at  /,  the  body  cannot  upset;  and  if,  besides 
this,  the  resultant  x  o  forms  with  a  line  /r,  at  right  angles  to  the  base,  an  angle 
o<«  leas  than  the  angle  of  friction  of  the  surftuses  in  contact,  then  the  body  can-i 
not  slide. 

As  regards  overtaming,  see  also  Leverage,  Art.  49,  p.  337. 

Art.  72.  We  will  now  consider  a  case  in  which  the  structure  is  assumed  to 
be  composed  of  several  rigid  bodies,  merely  placed  together  without  joint-fas- 
tenings of  any  kind,  such  as  cramps,  bolts,  mortar,  etc.,  but  depending  entirely 
upon  their  weight  and  positions  for  securing  their  stability.  The  process  in  this 
case  is  the  same  as  in  Fig.  67,  p.  355.  except  that  instead  of  assuming  the  body  to 
have  bat  the  one  joint  s  e,  and  findinff  the  eifect  of  the  resultant  x  o  with  refer- 
enoe  to  this  joint  alone,  we  oMisider  it  to  have  several  joints,  as  P  Z,  F  L,  W  X, 
etc ,  Fig.  75,  and  then  examine  the  effect  of  the  different  resnitants  which  they 
must  respectively  sustain  in  consequence  of  the  different  weights  of  the  several 
parts  N  M  PZ,  N M  FL,  NM  WX,  resting  on  them. 

I«et  H  N  J  T  be  one-half  of  a  stone  areh  of  small  rise  as  compared 
with  the  span;  or  rather  a  vertical  slice  of  it,  1  foot  thick ;  and  let  N  M  W  X  be 
a  similar  slice  of  a  drensed  stone  abutment  which  has  been  designed  to  sustain 
the  thrust  of  the  arch ;  and  the  fitness  of  which  for  the  purpose  we  wish  to 
ascertain.   See  Caution,  p.  361. 

Suppose  that  the  thrust  of  the  slice  of  the  arch  is, 30  tons;  that  this  is  oon- 
eentrated  at  o,  and  that  its  direction  is  o  b.  Also,  suppose  the  weight  of  the  part 
K  M  P  Z  to  be  10  tons,  and  to  be  concentrated  at  its  center  of  gravity  G ;  and, 
consequently,  to  act  in  the  vertical  direution  G  a.  Now  (Art.  35,  p.  327)  we  may 
Mipnose  the  30  tons  resultant  of  the  arch,  and  the  10  tons  gravity  of  the  part 
Km  PZ,  to  act  at  the  same  point  c,  at  which  their  directions  G  a  and  ob  meet. 
Make  cd  by  scale  equal  80  ions,  and  ea  10  tons ;  complete  the  parallelogram  of 
forces  cdy.a\  and  draw  its  diagonal  cy,  which  by  the  same  scale  will  ffive  the 
resultant  of  all  the  forces  acting  upon  the  base  P  Z  through  the  part  N  M  P  Z. 

Now  we  see  that  the  direction  e^  of  ihYs  rebultant  sttiJies  at  i,  or  withi»  the  base  P  Z ;  consequently 
(Art.  fO,  etc.)  N  M  F  Z  cannot  uptet,  no  matter  bow  great  may  be  the  pressure  c  y ;  see  Bern.  2.  From  i 
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draw  <t,  mt  right  raclea  to  the  Uae  P  E ;  and  BMMmra  the  ugle  cit,  wUeh  tha  renltast  ey  flmu 
with  it.  This,  we  find,  it  greater  than  S'iP ;  that  ia,  it  ezoeeds  the  aogH  of  frio  between  sorfaoes  ol 
drenMd  itooe.  Therefore,  the  part  N  M  P  Z  moit  jtlide  along  the  joint  P  Z.  ThU  might  posslblj  \m 
prevented  by  good  mortar,  if  time  be  allowed  it  to  aolidifj  properly,  before  the  oentera  are  eased  M 


M  to  bring  (h«  pret  at  the  areh  apo*  the  abat;  or  bj  iron  orampa,  stone  Joggles.  *«;  bot  these  ar« 
expensive.  The  most  obvioas  remedy,  as  well  as  the  least  expensive,  is  simpiv  to  incline  the  joint 
P  Z  iuto  a  direction  somewhat  lilie  from  B  to  Z ;  so  as  to  receive  tlie  ores  of  the  resaltant  ey  mere 
nearlj  at  right  angles ;  at  least  so  nearly  a«  to  be  fairly  within  the  limite  of  the  an«le  oT  frio.  If  this 
is  done,  tttMUtif  is  saonred ;  for  the  part  N  MP  Z.  being  now  safe  against  both  sliding  and  overtem- 
ing,  oan  move  In  no  other  way ;  unless  the  atreruth  of  tbe  stone  composing  the  masonry  ia  insafloient 
to  bear  the  pres,  and  may  therefore  crush  to  pieoes  under  it.  Bot  this  is  a  question  of  Strength  of 
Materials.  The  point  i,  of  Pig  75.  oomes  mnoh  nearer  to  Z  than  would  be 

desirable  in  practice ;  for  it  might  eanse  crushing  at  Z.    See  Bern  8.  following. 

Baring  thus  provided  for  both  the  sliding  and  the  overturning  stability  of  the  abut  as  far  down  u 
the  Joint  P  Z.  we  will  now  examine  as  far  down  as  tbe  Joint  ¥  U.  Taking  the  entire  part  If  M  P  L  of 
the  abnt,  we  first  find  its  weight,  say  96  tons ;  and  this  we  aMune  to  act  at  its  oen  of  grsv  K,  and  ia 
the  vert  direction  «  K  {.  The  amount  and  direotion  of  the  threat  of  the  arofa  at  o,  of  oowae,  remaia 
as  before.  Therefore,  from  tbe  point  v,  where  tbe  two  directions  meet,  lay  off  v  e  to  represent  as 
before  tbe  30  tons  thrust  of  the  arch ;  and  « I,  the  26  tons  wt  of  the  abut.   Complete  the  parallelogram 

-.  . .  — ^  iraw  its  dlag  vsj  which,  measd  by  the  same  scale,  will  give  the  reMoltaat  of  ail 

n  the  part  N  M  P  L.  Now  we  see  that  the  direction  of  (his  resultant  does  nol 
PL;  bat.on  the  ooBtrary,  passes  oat  of  tbe  body  ati;  outside  of  whieh  tt  laeeti 
Oonsequently,  that  body  must  upset  aronnd  the  pout  L ;  or  around  the  nearpsi 
y  between  L  and  /;  and  cannot  continue  to  sUnd  of  itself,  nnleas  itt  bsse  ta 
^at  by  placing  earth  behind  it,  especially  if  well  compacted  by  ramming,  the 
might  be  made  to  stand  safely  even  upon  the  base  W  X ;  and  in  the  ease  •( 
pans,  this  aid  may  be  resorted  to  fbr  strengthening  the  abuts,  when  there  i»  M 
;h  may  be  washed  a-^ay  by  floods  or  rains,  and  thu«  expose  (hem  to  rein ;  eM 
I  properly  done. 

ame  manner  that  the  point  i  was  fbmid  In  the  Joint  P  E.  others  between  PIM* 
iso :  then  a  curve,  ntmmenolng  at  the  skewbsek  e,  and  drawn  threngh  tba^ 
e  of  prctmtm  or  of  roolattmcc,  or  q/  ihmst,  threegli  th* 

whatever  in  this  line,  say  at  i,  tbe  enttre  pres  above  mid  point  m^  be  snppoMf 
rhUe  the  entire  length,  as  c  y,  of  that  resnlunt  which  onto  said  point,  givw  M 
kt  that  point ;  and  the  direotion,  a«  ei,  of  the  sane  leeultant  la  also  lU  4h» 
M  acts  tvon  soM  jMinC.  See  Art  18  of  Hydrostatica.  p  »l. 
)f  pre*  enables  us  to  determine  another  very  important  point  connected  with  th* 
re.  It  is  not  sntncient  fa  practloe  that  this  line  shonld  strike  eMre^  witki»  th* 
it  a  eonHd«raht«  dUt  witbin.  If  the  structure  and  its  foundation  were  ahao- 
lo  oonceivable  force  oonid  bend  or  break  them,  this  would  not  be  necessary ;  bot 
e  or  less  weak,  so  that  if  great  pressures  come  too  near  to  their  edges,  there  is 
'  crushing  at  thorn  points ;  or  if  near  the  edge  of  a  base,  an  nnequsif  settlemMt 
ay  take  plaoe.  Therefore,  even  in  structures  of  but  small  site,  the  diet  1 Z.  Fif 
I,  nrem  the  outer  point  Z.  should  never  be  Uu  at  any  joint  than  ^  of  the  width 
,  perhapa,  in  a  ease  like  that  of  a  smaU  aroh  in  whieh  the  earth  fiUng  U  deper 
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Red  behind  the  abota  belbire  the  eenten  are  rtaiovei.  Is  important  iverks.  ft  shoald  not  be  lem  than 
about  M  of  the  width  of  the  joint;  and  It  is  stUI  better,  when  possible,  at  >^:  or,  in  other  words,  at 
the  center  of  each  joint.  When,  as  at  Q,  a  footing  U  Ir  added  at  a  bane,  W  X  shenM  be  taken  a«  the 
joint;  not  WQ. 

Rem.  3.    The  line  of  pressure  In  a  flat  arch,  as  H  J  N  T,  Fig  7.%  mar 

also  be  found  much. in  the  same  way,  thus:  First  divide  the  half  ait;h  H  J  N T, 
and  the  filling  above  it,  by  vert  lines  ru,wT,  Ac,  which  need  not  be  at  equal 
dists  apart.  We  then  consider  in  turn,  and  separately,  each  part,  r  «  H  J,  tr  x  H  J, 
N  D  T  H  J,  Ac,  which  extends  from  these  lines  to  the  center  H  J  of  the  half  arch : 
the  last  of  these  being  the  entire  half  arch.  The  oen  of  srav,  and  the  wt,  of 
each  of  these  parts,  must  be  found;  also,  (Ex. 2, p.  330 «)  thefaor  pres  at  the  key- 
stone. 

Now  each  of  these  parts,  like  the  beam  in  Bx  1,  or  the  half  arch  in  Ex  2,  p  8S0,  is  acted  apon,  and 
kept  in  eqaiUbrium,  bj  three  forces ;  nanielj,  the  hor  pree  at  the  keystone,  (see  Ex  6.  p  S41 ;)  its  own 
wt,  acting  vert :  and  Uie  reacting  force  of  the  part  next  behind  ft.  We  proceed  with  eaofa  part  sepa- 
rately, as  we  did  with  the  entire  beam  alluded  to,  thus:  Beginning  with  the  part  rt(  H  J,  freni  its 
een  of  grar,  m,  draw  a  vert  Hue  mf.  From  the  center  E  of  the  keystone,  draw  a  bor  line  K  n,  to  meet 
mf.  From  n  lay  off  nf  by  scale,  to  represent  the  wt  of  the  part  r«  H  J ;  and  from  /  lay  otT/g,  hor 
by  seale,  to  represent  the  hor  pres  at  the  key.  Draw  the  diag  n  q ;  which  will  give,  by  scale,  the  re* 
soltant  of  these  two  forces.  The  point  b,  at  which  the  diag  ng  intersects'  the  vert^M.  Is  a  point  in 
the  line  of  pres  reqd.  Next  gu  to  the  part  w  s  H  J ;  and  In  the  same  manner  And  another  point  in 
the  line  wx,  asing  the  cen  of  grar  and  the  wt  of  that  part.  Finally,  treat  the  entire  half  arch  N  I)  t' 
HJ  in  the  same  way.  A  eonre  drawn  by  hand  through  the  poinu  thus  found,  will  be  the  required 
line  of  pressure. 

Art.  73.  Tbe  stability  of  bodies  on  Inclined  planes*  as  regards 
OYertnming,  is  measd  in  the  same  way  as  when  the  base  ir  hor ;  namely,  by  mult 
their  wt,  by  the  perp  dist  (a  a,  or  c  t,  at  A,  B,  and  D,  Fig  76,)  from  the  fulcrum,  or 
turning-point  a  or  c,  to  the  vert  line  of  direction  {g  o)  drawn  from  the  cen  of  grar 


of  the  body.  Hence,  it  is  evident  that  the  body  B  has  less  overturning  stability 
about  its  toe  a,  ttian  the  similar  body  A  has,  when  the  force,  «.  tends  to  upset  it 
down  hill.  But  it  has  more  than  A,  when  the  force  tends  to  upset  it  up  hill,  or  about 
the  toe  c;  for  the  leverage  «  c  of  B  is  greater  than  that,  o  c,  of  A. 

The  body  C,  which  wonld  orertmrn  upon  a  level  base,  beoanse  the  Itne^  o  strikes  otrtside  of  the 
base:  wefud  be  stable  i^nst  overturning.  If  plaoed  as  D  upon  an  inclination,  where  the  vert  g  0 
strikes  wUMn  the  base.  In  oor  flg  the  longer  sides  of  D  are  supposed  to  be  rertloal,  so  that  tbe  line 
of  direction  ^  o  cuts  the  center  of  the  bane  ac.  The  two  leverages,  a  o  and  t  e,  are  therefore  equal,  as 
are,  consequently,  the  moments  of  stability  of  D  about  a  and  e  respectively.  Similarly,  a  given  up- 
ward vertioai  force  would  have  the  same  upsetting  effect  whether  applied  at  a  (to  npset  up  hill)  or  at 
e  (to  upset  down  hill)  because  Its  leverage,  ao  +  (  e,  is  the  ssme  in  both  cases.  But  a  horizontal 
force,  applied  at  any  given  height,  as  at  g,  has  a  greater  leverage  (  =  go)  when  pushing  down  hill 
than  when  pushing  up  hill.  For  in  order  to  upset  down  hill  the  body  most  rotate  on  the  corner  a, 
whereaii,  in  order  to  upset  up  iiili,  it  must  rotate  on  tne  comer  e,  which  gives  to  a  horlBontal  foro* 
applied  at  g,  only  the  shorter  leverage  ^gt, 

Strnetures  built  upon  slopes  are,  however,  liable  to  slltlet 

that  is,  they  are  deieient  in  frietUmtU  ttahitUg.  In  practice  this  is  remedied  by  cutting  tbe  slope 
Into  hor  steps,  as  at  B.  Bat  worki<  seeoastructed  are  not  as  strong  as  if  tbe  base  were  a  continuous 
hor  line;  because  tbe  vert  faces  of  the  ateps  hreaic  th«  bond  of  the  masonry ;  and  because  the  mortar 
la  the  higher  portions  $  d,  being  in  greater  quantfty  than  that  in  tbe  lower  portions  e  y,  neoessarilj 
aUews  more  seuiesMnt  of  the  masonry  in  the  former :  and  thus  readers  tbe  work  liable  to  eraok.  or 
split  open  vertleally.  The  ease  is  analogous  to  that  of  a  foundation,  firm  In  some  parts,  and  com- 
^essiUe  in  others.  Therefore,  when  lAroQflistances  permit,  the  foundation  should  be  levelled  off  aa 
at  d  v:  or  If  the  masonry  has  to  sustain  down-bittward  pressures,  v  shenhl  be  lower  than  d ;  and  tbrn 
esttsas  of  Stamnry  be  laid  with  a  oonesponding  incUnaUon. 


*  Cantion.  In  arches  of  considelrable  rise,  the  line  of  pressure  firequently 
panes  out  through  the  bade  of  the  arch  into  the  spandrels.  In  such  cases  the  method 
of  Ex.  2,  p.  ^,  Dased  upon  the  assumption  that  it  passes  through  the  skewbaok  <^ 
does  not  give  correctly  the  horizontal  pressure  at  the  keystone. 
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ARATITT,  TAImVLNG^  BODIES. 

Art.  1.  Bodies  fallinur  Tertleally.  A  body,  falling  freelj  in  vacuo 
from  a  state  of  rest,  acquires,  by  tiie  end  of  the  firht  second,  a  velocity  of  about 
82^  feet  per  second;  and.  in  each  succeeding  second,  ao  addition  of  velocity,  or 
amcoieratioD,  of  about  82.2  feet  per  second.  In  other  words,  the  Telocity  receivefl  is 
each  second  an  aceeleratioQ  of  about  32.2  feet  per  second,  or  is  accelerated  at  the 
rat*  of  about  32.2  feet  per  second,  p^r  aecond.  Tbia  rate  ia  generally  called  (for 
brevity,  see  foot*iiote,t  p.  310),  simply  the  SMSceleratlon  at  fprmyritf  (but  see  * 
iMiowj,  and  is  denoted  by  g^*  It  increases  from  about  32.1  feet  per  second,  per 
second,  at  the  equator,  to  about  32.6  at  the  poles.  In  the  latitude  of  London  it  ia 
32.19.  These  are  its  values  at  searlevel ;  but  at  a  height  of  6  miles  aboTe  tiiat  lerel 
it  is  diminished  by  only  abaut  1  part  in  400.  For  moAt  practical  purposes  it  may  be 
taken  at  32.2. 

fJanUon.  Owin^  to  the  resistance  of  the  air  none  of  the  follow* 
Ing  rules  give  perfectly  aoeurate  results  in  practice,  especially  at  great  vels. 
The  greater  the  specific  gravity  of  the  body  the  better  will  be  the  result.  The  all' 
iwstats  bntu  rial  OK  and  IkllInK  hodffrs. 

If  a  body  be  tbrown  vertically  upwards  with  a  given  yel,  it  will 
rise  to  the  same  height  from  wliich  it  inuHt  iiave  fallen  in  order  to  acquire  said 
vel;  and  its  vel  will  be  retarded  in  each  second  32.2  ft  per  sec.  Its  average  ascend- 
ing velocity  will  be  half  of  that  with  which  it  started  ;  as  in  ail  other  cases  of 
uniformly  retarded  vel.  In  falling  it  will  acquire  the  same  vel  that  it  started 
up  with,  and  in  the  same  time.    See  sbOTe  Caution. 

In  the  followingr,  the  DaIIs  are  in  ffeet,  the  times  in  seconds, 
and  the  velocities  and  accelerations  in  feet  per  second.  • 
Acceleration  acquired* 
in  a  given  time  =  g  X  time 

in  a  given  fall  ftrom  rest     =  y  2  g  X  Mh       See  table,  p  258 
in  a  given  fall,  from  rest  i  _  twice  tiie  fall 
and  given  time  i  ~        time 

Tiine  required 

^  .  ,      XI  acceleration 

for  a  given  acceleration    »  • 


g 


for  a  given  fall  from  rest 


Vfall 
fall 


fall 


^  final  velocity 

for  a  given  fall  from  resti  __       fall       ^ faU 

or  otherwise  )      mean  vel  ^  ^  (initial  vel  +  final  ▼«!) 

FaU 
in  a  givnn  time  (starting  from  rest)  —  Ume  X  H  ^"^  ^"^  *  ^i^o^'  X  }ilf 
ID  a  giTen  ««,.  (.tarltog ,  _  ^^^      ^^^  ^^,  _  „^^      inHl.l  Tel  +  Bn.l  t^I     1 

from  rest  or  otherwise)  i  ^2 

reqd  for  a  given  acceleration  >      acceleration* 

(starting  fj^om  rest)  /  ^  2g 

during  any  oiul  given  second  (counting  from  rest) 

=  y  X  (number  of  the  second  (Ist,  2d,  Ac)  —  Jj 
during  any  equal  consecutive  times  (starting  from  rest)  a  1,3,5,7,9,^. 


See  table,  p  258. 


Galling  a  - 
we  W 


—  32.2) 
ave         j 


At  the  end  of  the 

1st.   2d.    8d.     4th.    5tli.    6th.    7ih.     8lh.     9tb.     10th. 
seconds 


Velocity ;  ft  per  sec. 
Di8t  fallen  since  end 
'Of  preceding  sec;  ft. 

ToUldist fallen;  ft. 


32.2 

64.4 

96.6 

128.8 

161.0 

193.2 

225.4 

257.6 

288.8 

16.1 

48.3 

80.5 

112.7 

144.9 

177.1 

209.3 

241.5 

273.7 

16.1 

61.4 

144.9 

267.6  402.6 

579.6 

788.9 

1030.4 

1304.1 

822.0 
305.9 
1610.0 


♦  By  •'acceleration,"  in  thit  articU,  we  meiu  the  total  acceleration ;  u  e.,  the  whol. 
change  of  velocity  occurring  in  the  given  time  or  fkli.  JTor  the  nrfs  of  aeoeleratiob 
we  use  simply  thb  letter  g. 
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Art.  2.  DcM«nt  •■  laeUn^d  pl—n.  When  a  bodr,  U.  Is  placed 
upon  au  iucliii«d  plaue,  AC,  its  whole  weight  W  U  not  employed  iu  glviug  it 
Telocity  (as  in  the  ctise  of  bodies  falling  vertically) 
but  a  portion,  P,  of  it  (-  W  X  coeine  of  o  -  W  X 
cosine  of  a*)  is  expended  in  perpendictilsr  yressure 
against  iUe  plane;  while  only  8,  (=»  W  X  siue  of  o 
=  W  X  sine  of  a,*}  acts  upon  U  iu  a  direction  parallel 
to  the  snrface  A  C  of  the  plane,  and  U'Uds  to  slide  it 
down  that  surf.    See  Art.  60,  p  352. 

The  acceleration,  generated  in  a  given  body  In  a 
given  time,  is  proportional  to  ilie  force  acting  upoa 
the  body  in  the  direction  of  the  acceleration  (Art. 
^6,p.;iU)>  fienoe  if  we  make  W  io  rapraaei*  by  seal* 
.be  acoelaratioia  g  <aajr  S2.2  ft  pm  Mt)  mhkk  gtm 
would  give  to  U  In  a  sec  if  falling  freelv,  then  8  will   g. 
gire,  by  the  same  scale,  the  acceleration  in  It  per  ^^^ 
sec  whidi  the  actus!  slidiBC  force  8  would  give  to  U  In  one  sec  if  there  were 
no  friction  between  U  and  the  pUne.    We  have  therefore 

ikeonlieal  acceleration  down  tba  plane  <«  ^  X  ■!••  ^ts. 

Therefore  we  have  only  to  substitute  "a.  sin  o"  in  place  of  **af  and  the 
xfoptN^ distance  or  "slide**  AC  in  pince  of  the  corresponding  vertieai  distance 
or  "  fall "  A  £  in  tlie  equations,  p.  862,  in  order  to  obtain  the  accelerations  etc  as 
follows : 

••  an  inclined  Rlnne  wtHi^nl  IMMlMi. 

In  tke  feUowtnv,  tUm  slide*  AX  are  in  feet,  tbe  Umes  In 
•nils,  and  the  Telaeities  and  acceleratlonB  In  feet  per 
•ndlf 

Aeceleratlonfof  sliding  veloeHy 

in  m  <ri«»n  tima  «  ^^^  «<^«*  SCquircd  In  falling)  V  .111  ii 

in  a  given  time  -     ^^^^  ^^^^^  ^^^^  ^^^  ^^^  •  |  X  ttn  « 
a>  f.  sin  a  X  time 


in  a  given  atlde,  as  A  C, )        slide 
from  rest  f      H  tiia< 


time 

(vert  acoel  acquired  in  falling) 
»='<  freely  thro  the  corresponding  >=  l/T^TXE 
(.    vertbtAE  j 

a-  V^  2  ^.  sin  a  X  slide 

Time  required 
,.-,             ,      ,,          sliding  acceleration 
for  a  given  sliding  acceleration  — ^~siu  o 

for  a  given  slide,  as  A  C,  firom  ^  slide  ^    /     slide 

«»t  —  ^  ianal  gliding  velocity  "  V  H  ^.  sin  a 

time  reqd  to  foil  freely  thro  the  correspond- 

^ ing  vert  ht  A  F 

sin  a 

for  a  given  slide,  from  >  _^  slide slide 

rest  or  otherwise       /  "*  mean  sliding  vel  ~  ^  (initial  +  final  sliding  vels) 

horizontal  stretch,  as  E  C,  

^^  ^    base  E C    _      of  any  length,  as  A C         \/AC*  —  £T? 

'^••*"*  •  ~  length  A  C  that  length  ""  AC 

height  A  E  _  fall,  A  E,  in  any  given  length,  AC      I/XC^^TIT? 
Bine  a      "len^hAC""  that  length  ""  AC 

*  Because  o  and  a  are  equal. 
tQy  accdsratlent  in  iku  articU^  we  mean  tbe  tuuki  acceleration,  t*.  e.,  the  whole 
ehaB«s  io  velocity  oconrring  in  the  given  time  or  slide,   for  the  rate  of  acceleration 
ws  use.sim»ly  the  ktter  g. 

s  ,  27 
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«W>4^  OKAVITY-^PENDULUMS. 

MMe,  as  A  C 

in  a  glren  th»e,  slartiot;  fRraa  rest  =  time  X  %  final  slfcTiDg  rcl 

=  tini©»X  JipisiDa. 
io  a  giren  tfne,  startiog  frooa  reat      .j      ^^  ,.^, 

or  otherw \a%  =  *^»«  X  mean  sliding  rel 

=  time  X  K(JoHial  -f  final,  sliding  Teb) 

required  for  a  given  sliding  aeo^  -_  gliding  aeceleratiop« 
eratioD  (slanlug  tnm  leal)  2  fi  sin  « 


JSl!i  !!■  E??i***  ^  i*!?*"F  •"  *■*•  pl«ite  f  s  always  •»- 

-y  X  [sin  a— (cos  a.eoeir  fric>]  »  in  place  af -pt  siaa"  in  the  above  eqnaUons. 
Because 

Frletlau  =  FerpemKcntor  pfesswre  P  X  eoefficient  of  friction 

=  weight  W  X  cosine  «  X  eoeficieni  of  friction 
and 

reterdatlon  of  fl*ietfon  =ffX  cosine  «  X  ef>efficient  of  friction. 
(For  table  af  feap«eteiilli  ft>r  varf  inft  avhManc^,  see  p  TTSl) 
Kesvltani  slitff  ns  nceeleratf  oa 

=  tlieoretica)  sliding  accel  (due  to  the  sliding  force,  S)  —  retardatiea  of  fric 
=  {g.  sin  a)  —  {ff.  cosine  a.  ooeff  fHc) 

=  ^  X  [rfn  «  —  (cosine «.  coelf  fric)"j 

If  the  retardation  of  friction  (^  fu  cos  a  X  coeff  fric)  fs  nor  few  than  the  total 
or  theoretica)  accel  (**p.  sin  a  ")  the  body  cannot  slide  down  the  plane. 


FEHDULITMS. 


Tbs  nmnbers  of  ribrations  which  diffpendnlums  wiD  make  in  any  ij^ireti  place  iu 
a  given  time,  are  invtrsdg  as  the  square  roots  of  their  lengths ;  thus,  if  one  of  tliem 
is  4,  9,  or  16  tines  as  long  as  the  other,  its  sq  rt  will  be  2,  S,  or  4^i]aes  as  great ;  but 
its  number  of  vibrations  will  be  but  ^  >^  or  ^^  as  great.  The  times  in  which  diff 
pendulums  will  make  a  vibration,  are  directly  as  the  sq  rts  of  their  lengths.  Thus, 
if  one  be  4, 9,  OT 16  timeras  long  as  the  other,  its  sq  rt  will  be  2,  3,  or  4  times  as 
great ;  uid  so  also  virill  be  the  time  oecnpied  in  one  of  its  vibrations. 

The  length  of  a  pendulum  vibrating  seconds  at  the  level'of  the  sea,  in  a  vacnnm. 
in  the  lat  of  London  (51)^  North)  is  39.1393  ins;  and  in  the  lat  of  N.  York  (40^ 
North)  39.1013  ins.  At  the  eqiutor  about  jV  ^^^^  shorter ;  and  at  the  poles,  about  ^ ' 
inch  longer.  Approximately  enough  for  experiments  which  occupy  but  a  few  sec, 
we  may  at  any  place  call  the  length  of  a  seconds  pendulum  in  the  open  air,  89  ins ; 
half  sec,  ^  ins ;  and  may  assume  that  long  and  short  vibrations  of  the  same  pen- 
dulum are  made  in  the  same  time ;  which  they  actually  are,  wry  nearty.  For  meas- 
uring depths,  or  dists  by  sound,  a  sufficiently  good  sec  pendalum  may  be  made  of  a 
pebble  (a  small  piece  of  metal  is  better)  and  a  piece  of  thread,  saspended  from  « 
common  pin.  The  length  of  39  ins  diouM  be  measured  from  the  centre  of  the  pebble. 
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PENDULUMS^    ETC.  365 

In  starting  the  Tibrations,  the  pebble,  or  &r>5,  must  not  be  ftrovm  into  motion,  but 
mercdx  kt  dr^p,  after  es^teiwliog  the  string  at  the  proper  height. 

T»  JHmI  tlie  li^ngrtk  of  »  nendnlan  read  to  make  a  giren  nnthW  of 
Tlbratione  hi  a  miOf  diTMle  ^6  by  stud  reqd  nnmber.  The  square  ofthe  tinot  will  be 
the  length  in  ins,  near  enough  for  snch  temporary  purposes  as  the  foregoing.  Thus, 
ibr  a  pendulum  to  make  100  Tibratiuns  per  min,  we  have  ^^^  =  3.75 ;  and  the  square 
of  3.75  =  14.06  ins,  the  reqd  length. 

To  flmd  ike  ■nmlbeir  of  vtbrstlonii  per  mln  for  a  pendulum  of 
given  length,  in  ins,  take  the  sq  rtof  said  length,  and  dir  375  by  said  sq  rt.    Thus, 

for  a  pendulum  14.Q6  ins  long,  the  sq  rt  is  3u6 ;  and  r-=  =  lOQ,  the  reqd  number. 

Rbm.  1.  By  practising  before  the  sec  pendulua^  of  a  clock,  or  one  prepared  as  just 
stated,  a  person  will-soon  learn  to  count  5  in  asec,  for  a  few  sec  tn  snecession ;  and  will 
thus  be  able  to  divide  a  sec  into  5  equal  parts ;  and  this  may  at  times  be  ui^hl  for 
Tery  rough  estimating  when  he  has  no  pendulum. 

.   Centre  eff  OaclllmikMi  imd  PerewMlen* 

Akx.  2.  When  a  pendulum,  or  any  other  suspended  body,  is  yibrattngor  efldllattag 
backward  and  forward,  it  is  plain  that  those  particles  of  it  which  are  far  from  the 
point  of  su«>ensfon  move  faster  than  those  which  art  ftemr  i%  Bwt  UmreiB  always 
a  certain  point  hi'the  body,  such  that  if  all  the  particles  were  concentrated  at  it,  so 
that  all  should  move  with  the  same  actual  vel,  neither  the  number  of  oscillations, 
nor  their  angular  rel,  would  be  chan^d.  This  point  is  called  the  center  of  imiUa- 
Hon.  It  is  not  th^  same  as  the  oen  of  gnw^  and  is  always  farther  than  it  ftmn  the 
point  of  suspension.  2l^|8|Uso  ph^  centrt  of  ptt^iusion  of  the  suspended  vibrating 
body.  The  dist  of  this  poini  from  the'potnt  of  hu^p  is  found  thns :  Suppose  the  body 
to  be  divided  Ihto  many  (the  more  the  better)  small  parts ;  the  smaller  the  better. 
Find  th^  Wf ^ght  of  »MtV  P<M^  ^^  ^^^  ^^^  <^^  ^  8^  flC'tach  part ;  f^SQ^he  dist 
from  each  such  cen  of  gray  to  the  point  of  suSpj  «cpCMPe  each  of  these  dists,  and 
mult  each  square  by  the  wjt  of  the  corresponding  small  part  of  the-bodyr  Add  the 
products  togetlier,  and  call  their  sum  p.  Next  mult  the  weights  ^e  estiiB  bfSdy 
by  the  dist  of  its  cen  t>f  grav  from  the  point  of  susp.  Gall  the  prod  g.  Beside  p  hyff. 
Thisp  is  the  nK^meilt-  of  Inertia  ofthe  body,  and  if  divided  by  the  wtof  the 
body  the  sq  rt  of  the  quotient  will  be  the  lUMUue  ot  C}jrrat|ie^. 

An^nlar  Teloeitgr*  ^... 

When  a  body  revolves  around  any  axis,  the  parts  which  are  farther  from  that 
axis  move  faster  than  those  nearer  to  it.  Therefore  we  oaunot  assign  a  stated 
linear  velocity  iu  feet  per  seoond,  or  miles  per  lioar  etc,  that  shall  apply  to  every 
part  of  it.  But  every  part  of  the  body  revolves  around  an  entire  circle,  or 
through  an  angle  of  360i<^,  in  the  same  time.  Hence,  all  the  parta  have  the  same 
velocity  in'deateet  per  second,  or  in  revoltUioru  per  second.  This  is  caHed  the 
angular  velocity.  Scientific  writers  measure  it  by  tlie  length  of  the  arc  de- 
scribed by  any  poiut  iu  the  budv  in  a  given  time,  as  a  secona,  the  length  of  the 
arc  beipg  measured  by  the  number  of  times  the  length  iff  <to«<isn  iraited  Is  gpn- 
tained  in  it.    When  so  measured,  .    . 

Angular  velocity         linear  velocity  (in  feet  etc)  per  sec 
in  mdii  per  second  =       length  of  radius  (in  feet  etc) 

Here,  as  before,  the  angular  velocity  is  the  same  for  all  the  points  in  the  body; 
because  the  velocities  of  the  several  points  are  directly  as  their  radii  or  dis- 
tances from  the  axis  of  revolution. 

In  each  revolution,  each  point  describes  the  circumference  of  the  circle  in 
which  it  revolves  =  2irr  (ir  =  8*1416  etc;  r=< radius  of  said  circle).  Conse- 
quently, if  the  bodv  makes  n  revtnutions  per  second,  the  length  of  the  arc  de- 
scribea  by  each  point  in  one  second  is  2  ir  }*n ;  and  the  angular  velocity  of  the 
body,  or  linear  velocity  of  any  poiut  meamred  in  its  own  radii,  is 

a  =^     *^^*  »  2  vi»  »  say  6it832X  revs  per  second  =  say  .1047  X  rew  per  nvt/mOe, 

Moment  of  Inertia.  .i..^^    ,, 

Suppose  a  body  revolving  around  an  axis,  as  a  grindstone;  or  oscillating,  like 
a  pendulum.  Suppose  that  rhe  distance  from  the  axis  of  revolution  (which,  iu 
the  pendulum,  is  the  point  of  suspensiou)  to  each  individual  particle  of  the 
body,  has  been  measured ;  and  that  the  square  of  each  such  distance  has  beeii 
miUtlplied  by  the  weight  of  that  particle  to  which  said  distance  was  measured 
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MOXEXT  OF  INERTIA. 


The  tum  of  aU  tbeae  products  is  the  momeni  of  inertia  of  the  body.    Or 

KoMeai       J         the  an  m,         I 
9tiu9rUm  "  1  for  all  the  particles  | 

or,       I  =  2<i*<f. 

of  each  particle ; 


(  weight  sqoare  of  dist 

4     m     'K-ofiwrtfckifrMn 
(.punieh)     axisofcevuluiioia 


Scientific  writers  frequently  use  the  f 

. ita  weight  ^ 

*  *'  acceleration  (^)  of  gravity,  or  about  32^ 

*^^ITrictice%e  maywppose  the  body  to  be  divided  into  portions  *i«8ur!ng 
a  cubic  inch  (or  some  other  swaU  8iw»)each;  and  use  these  instead  of  the  theo- 
retical infinitely  small  particles.  The  smaller  these  portions  are  taken,  the 
more  eaarty  oorrect  will  be  the  result.  »  j /,     ♦    j    **u   »    #. 

Wlien  the  moment  of  inertia  of  a  mere  na:face  is  wanted  (Instead  of  that  of  a 
hodv)  we  suppose  the  surface  to  be  divided  iuio  a  number  of  Biuall  orea»,  and 
use  ihem  inswitf  t»f  tll»ltfrt#Ai^O#  tlwawal  portlo«a-of  ttoebiMy.    For  an  ei- 
-  attfiae,  see  p  406. 

weight  of  body,  square  of 


MiMneiit  of  iMerite  « 


aroa  of  surfkee 


radius  of  gyration  * 


Tor  deflnitioB  of  Radius  of  gyration^  see  p  440.    A  body  may  have  any  nHraber 
of  radii  of  gyration,  depending  upon  the  position  of  the  axis  of  revolution. 

Table  of  BaOli  of  «yr»tloii. 


Body 


Rewolvinir 


Any  body  or 


BSr»o< 


der 


ditto 

dHto,  iii(lnit«lv 

Bht>ri  (clASttlat 

Burfkpe) 

follow  cyl- 
inder 

ditto,  infinitely 
thin 

ditto,  of  any 
thiclcness 

ditto,  infinitely 
thin 

ditto,  infinitely 
thin  and  infinitely 
abort  {circumfer' 

ence  of  a  circle) 

Solid  sphere 


lUUIfafli  of  Clymtlon 


any  given  axis 

HU  longrtWHttid" 
a«ii-  .<.i  . 

a  diam,  midwar 
bet  WOOD  its  eiMs 

a  diametejr 


its  longitudinal 
axis 


ditto 

a  diam  midway 
between  its  ends 

ditto 


a  diameter 
a  diameter 


fmoiwen  t  of  Inertia  aronnd  the  given  axis 
/      wejs^bt  of  body^  or  ar^  of  surface 

radius  of  cylinder  X  '\~o~ 
=  radius  of  cylinder  X  about  .7071 


V  length* 
12 


radins»of  cyHndet 


V 


radius  of  cylinder 
2 

VInner  rad*  4-  outer  rad* 
2 

radius  of  cylinder 

'inner  rad>  4-  etuer  rad*       length* 
4  "^12 


V' 


radius*  of  cylinder     le n g t h« 


radius  of  cylinder  X 
s  radius  of  oyHnder  X 


12 


t  .7071 


■v= 


|fad!u8»  of  sphere 
2.5 

=  radius  of  sphere  X  \/^^ 
s  radius  of  ^ere  X  about  .63246 
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T»1>1«  of  Badii  of  e^yrmtlowu—CovmsvKD, 


Body 


Mronnd 


TfTTr^rrm 

Bmdins  of  «jrrfttl«M 


Honow 
•Inhere  of  any 

thicknetia 

ditto,  tblu 

ditto,  lufluitelv 

Uiin  (spherical 

surface} 

ab 


Solid  cone 

#     €tr«iil»v 
l^ato,  of  rect- 
angular cross  sec- 
tion 

Ctrc«tl»r 

rlBi^,  ofiectan* 
gular  cross  section 

Square,  rect- 

mngle  »nd 

otber  snr- 

flnces 


a  diameter 
ditto 

ditto 

any  point,  ftioiu 
length 

either  end,  aotb 

its  center,  e 
iUaxIa 


See  SoHd  cylin- 
der 


See  Hollow  cylin- 
der 


^. 


V- 


3  (outgr  radft  —  |ni>er  radft) 
5  (outer  rad*  —  inn«r  rad*) 
apiurox  (outer  rad  4-  inner  rad)  X  .4066 

radius  of  sphere  X  "V -^- 
SB  raditM  of  spliere  X  about  .9i6S 

tengthaftX-y-g- 
—  length  abX  aheni  ^775 

oe  X  -y-^- 

«  length  «6  X  al>o^it,,2W7  . 

radius  of  Iwise  of  oeoe  x  l/'IS' 
•-  radius  of  base  of  cone  X  ^477 


For  the  thickness  of  plate  or  ring, 
mMsured  perpendfcularly  to  the  pland 
of  tb«  circuni(Wence,  take  the  Utiglh  of 
the  cylinder. 


For  least  radlusof  gyration,  or  that  around  the  longest  ^xls, 
ee  p  440  and  441. 
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CENTKIFIJOAI.  F^J^E.^, 

When  a  body  a,  Fig.  1,  moves  in  a  circular  i>atli  <i&<f,  it  tends,  at  each  point,  as 
(I  or  ft,  to  move  in  a  tangent  a<  or  M'  to  the  circle  at  that  point  But  at  aach 
point,  as  «,  etc.,  in  the  path,  it  is  ^^Aected  from  the  tangent  by  a  force  aqtipg 
toward  the  center,  c,  of  the  cbde.  ,Tnis  force  may  be  the  tension  of  a  string,  ea, 
or  the  attraction  between  a  planet  at  e  and  its  moon  a.  or  the  inward  pressure 
of  the  rails,  ab,oma  cnrre,  etc.,  et«.  Like  all  force,  it  is  an  action  between  two 
bodies,  tending  either  to  separate  them  or  to  draw  them  closer  together,  and  act- 
ing equally  upon  both.  (See  Art.  5  {6),  p.  308).  In  the  case  of  the  string,  it  vttUx 
the  body  a,  Uno0trd  the  center,  c,  and  the  nail  or  hand,  etc.,  at  <;,  Coward  the  body 
at  a  or  6,  etc. ;  i.  e.,from  the  oenter.  In  the  case  of  a  car  on  a  curte  it  pushes  the 
car  Uncord  the  center,  and  the  rails  from  the  center.  The  pull  or  push  on  the 
rei'olvinff  body  toward  the  center  is  called  the  eeutrlp«)t«i  ffotftic?  whfidthe 
pull  or  push  tending  to  ^ove  the  deflecting  body  from  the  center  is  called  the 
e«ntrlrair»l  ft»re«.  These  two  ''forces,"  being  merely  the  two  '* sides  '*  (as 
it  were)  of  the  same  stress,  are  necessarily  equal  and  opposite,  and  can  onlv  exist 
toffether.  The  moment  the  stxefs  or  tension  exceeds  the  strength  (or  inherent 
conesive  force)  of  <the  string,  etc.,  the  latter  breaks.  The  centripetal  and  oentrif. 
Ui^il  forces  theiefiire  instantly  cease;  and  the  body,  no  longer  disturbed  by  a 
deflecting  furce,  moves  on,  at  a  uniform  velocity,*  in  a  tangent,  at  or  btf^  etc.,  to 
its  circular  path ;  i.  e.,  at  right  angles  to  the  direction  which  the  centrifugal  force 
had  at  the  moment  it  ceased. 

{a).  A  iifns'le  rewolwlng^  body,  a,  Fig.  1.    Let 
/  =  the  centriffigal  or  ocntripetal  force,  in  pounds. 
w  =  the  weight  of  the  body  a,  in  pounds, 

R  =  the  radius  ca  of  the  path  of  the  center  of  gravity  of  the  body  ff,  in  ftet,       • 
V  =  the  uniform  velocity  of  the  body  a  in  its  circciUr  path  abd^  in  feet  per 

second, 
n  =  the  number  of  revolutiona  per  minute, 
g  ^  the  acceleratioft  of  gravity  =  say  32.2  feet  per  second  (p.  362).  90Q  ^  =  abput 

v  =  circumference  -s-  diameter  =  say  3.1416.    (See  p.  123.)    «•«  =  about  9.8696/ 
Then,  for  the  eentrlftafri^l  foree,  /: 

If  we  have  the  verity  v  iu  feet  per  second :  /  =^  W  ^*- 1  <;  .  .  (i) 

If  wt  have  the  number  n  of  revolutions  per  minute :  /  =  W  ^^~- 1  .  .  .    (2) 

/  =  about  .0008406  WRw«{   .  .  .    (3). 

*  Neglecting  friction,  gravity,  the  resistance  of  the  air,  etc. 

t  For  let  at.  Fig.  1,  represent  the  amount  and  direction  of  the  velocity  v  of  the  body 
at  a  in  feet  per  second.  Then  at  the  end  of  one  second  the  body  will  have  reached 
the  point  b  (the  arc  ab  being  made  =  at),  and  the  amount  and  direction  of  its 
velocity  at  b  will  then  be  represented  by  the  line  bt'  =  at  in  length,  but  differing  in 
direction.  Drawing  cu  and  cw'  at  the  center,  equal  and  parallel  respectively  to  at 
and  bt'y  we  find  that  the  change  in  the  direction  of  the  motion  (». «.,  the  acceleration 
toward  the  center)  during  the  second  is  represented  by  the  arc  ««';  and,  since  angle 
acb  =  angle  kck',  we  have  the  proportion,  radius  R  or  ac :  ab  or  at ::  cm  or  at:  are 
mm'.  In  other  words,  the  acceleration  mm'  in  one  second,  or  rate  of  acceleration,  is  — 
at*  V* 
^  =  ^  ;  and,  for  the  force  causing  that  acceleration,  we  have  (see  Art  9,  p.  310) : 

/  =  mass  of  body  X  nite  of  acceleration  =  mass  of  body  X  ^  *=  W  -^« 

B  Kg 

JByfonnula(l),/=W^-.    But i,  = -^^ ; and .«  = -^^^^— ^ ^^^. 

Hence, /=W'~?^  =  W?^^*. 
••'  900  By         ^    90»i7 

3  Formula  (3)  is  obtained  from  (2)  by  substituting  the  values  9.8C96  and  28980  for 
•ud  «JU0  g  respectively. 
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{b)  'Wheelfi  Mud  dines.  Suppose  the  rim  of  a  wheel  to  he  eat  into  yery  Ami 
slices,  as  shown  (mueh  exaggerated)  at  a,  F^.  2.    Then  for  each  slice,  as  a,  hy 

formula  (1) :  /=  weight  W  of  slice  X  ^r-  ;*  and  if  each  sliee  were  connected 

Rff 


Fig.  5 


n   m      e      n 
Fig.  7 


with  the  center  hy  a  ^parate  string,  the  sum  of  the  stresses  in  all  the  strings 
(n^ecting  friction  between  adjacent  slices)  would  be : 

F  =  sum  of  centrifugal  forces  of  all  the  slices  f  =  weight  of  rim  X  w~  •  •  •  (*)• 

But  the  stress  with  which  we  are  usually  concerned  in  such  cases  (viz. :  the 
tenHioii  fit  tlie  rim  itoelf  in  the  direction  of  a  tangent  to  its  own  cir- 
cumference) is  mveh  less  thau  the  theoretical  quantity  F  obtained  from  formula 

(4),  being  in  fact  only  rzj^t^o^  H-    For  suppose  first  that  the  same  thin  rim  is 

cut  only  at  two  opposite  points  m  and  n,  Fig.  3,  and  that  its  two  halves  are  held 
together  only  by  the  string  S. 

*  If  the  rim  is  very  thin  in  proportion  tO  its  diameter  mti,  we  may  take  the  center 
of  gravity  of  each  slice  as  being  in  a  circle  mn  midway  between  the  inner  and  outer 

.       ^^.       .          *,.  * «      inner  radius  +  outer  radius     _  .       ^  ^,, 

edges  Of  the  rim,  so  that  R  = ^ .    In  a  rim  of  appreciable 

thickness,  this  is  not  the  case,  becansS  each  dice  is  a  little  thicker  at  its  outer  than  at 
its  inner  end.  See  Fig.  6.  Hence  its  center  of  giuvity  is  a  little  outside  of  the  curved 
line  ma.  Fig.  2. 

t  In  a  perfectly  l>alanced  rim  (i.  e.,  a  rim  whose  center  of  gravity  coincides  with  its 
center  of  rotation,  as  in  Fife.  3)  the  centrifugal  forces  of  the  particles  on  one  side  of  c 
counterbalance  those  on  the  opposite  side.  Here,  too,  R  » 0.  Hence,  <m  a  whofe^ 
such  a  rim  has  tio  cenbiivgal  force  ;  i.  «.,  no  tendency  to  leave  the  center  in  any  one 
direction  by  virtne  of  ite  rotation.  But  if  the  tM'o  centm«  do  not . coincide  (Fig.  4), 
then  the  rim  is  a  single  revolving  body,  and  its  centrifugal  force  is :  /  »  weight 

of  entire  rim  X  :s~"  J  where  R  is  the  distance  between  the  two  centers,  and  r  the 

velodty  of  the  center  of  gravity  a.  The  force  /  acts  la  the  line  Joining  the  two 
centers.  •  ■ 
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Then:* 

F 

semi-circumference  mzn  :  diameter  mn::  —:  pull  on  the  string  S ; 

so  that 
pull  on  ^  half  weight  ^  _?L  y  A_  weight       _H!__  I!_     F 
Btrlns  S  ~    ,  of  rim      ^  R^  ^  ir  ~  of  rim  ^  »  jrir"  »~  3.1416 '  '  *  ^  '* 
and  if  the  rim  is  now  made  complete  by  joining  the  ends  at  in  and  n,  and  if  the 
string  S  is  removed,  then  the  pull  ou  the  string  by  formula  (5)  will  be  equallv 
divided  between  m  and  n.    Hence  each  cross-section,  as  m  or  n,  of  the  rim,  will 
sustain  a  teniiile  stress  equRl  to  half  the  pull  on  the  strlAg ;  or 
^        .        -        -  F  F  weight  of  rim  X  f*  /-. 

**""••»  •■  '*—-^  =  .5:2^  "  6.2832  Bf, <*'• 

The  centripetal  foroe,/,  Fig.  2,  holding  any  part  0  of  the  rim  to  its  circular  path, 
is  the  resultant  of  the  two  equal  tensiont.at  the  ends  of  that  part. 

For  the  »tref^]^r  square  him  of  cross-section  of  rim,  we  have : 

_^ ■> tension  In  rim''  ^_^ 

on         ress  —  ^^^^  ^  ^^  cross-section  of  rim,  in  square.  in(^e^ 
F       ^  weight  of  rito  X  V*  ... 

^6.2832  A  6.2832  A  Ri^         ^  ^' 

We  shall  arrive  at  the  same  result  if  we  i«flect  that  the  pull  in  the  string  S, 
or  the  sum  of  the  two  tensions  at ^i»«nd  n,  is^equal  to  the  centrifugal  force/ of 
either  ht^  of  the  rim.  revolving,  as  a  single  body,  about  the  center  c.  Find  the 
center  of  gravity  G  of,€ne  half  rim,  and  tnen,  iu  formula  (1),  use  the  velocity  of 
that  point,  and  the  ntdius  cG  instead  of  velocity  at  z  and  radius  c»  respectively ; 
thu9: 

pun  ,„  .trint  =  /=  '^"^^t^^^^r-  '•^•'tof  ".If-rim X  -^*^': 

and  hftif  of  this  is  the  tension  in  each  cross-section  of  the  rim.f 

If  the  rim  were  infinitely  thin,  cG,  Fig.  3,  would  be  0.6366  ez.  See  (8),  p.  851  a. 
If  its  thickness  must  be  taken  into  consideration,  and  if  it  is  of  rectangular 
crofls-section,  fi  nd  t  be  centers  of  gravity  &  and  ^,  Fig",  ft,  of  the  whole  semielrcolar 
segment  cz  and  of  the  small  segment  <»  respeotivdy  {eg »  0.4^4  ez,  and  ej/  => 
0.4244  cb.    See  (19  a),  p.  351  d.)  Then  (p.  350) : 

^i^        _/  vx  *''®*  ^^  entire  segment  cz 

For  rims  of  other  than  rectangular  cross-section,  use  formula  (4),  (5)  and  f6). 

In  n  disc,  sncli  aa  »  srrlndstone,  the  tension  in  each  full  cross-section 
mn.  Fie.  7,  is  equal  to  the  centrifugal  force  /  of  half  the  disc.  Let  W  «  weight 
of  halt  dise.  The  distance  cG  l^om  the  center  c  to  the  center  of  gravity  G  of 
the  half  disc,  is  cG  =  0.4244  cz ;  and  the 

*  In  Fig.  2,  let  the  centrifngal  force  of  any  slice,  o,  be-represented  by  the  diagonal, 
/,  of  a  rectaafile,  whose  side^  H  and  V»  are  respectively  parallel  and  perpendicular 
to  the  given  oTameter  trii.  Then  H  and  V  represent  the  components  of  /  in  those 
two  directions.  The  equal  and  opposite  horizontal  components  H,  of  o  and  of  tli** 
oorrMpondiitg  aUee  e',  being  parallel  to  mn,  have  no  tendency  to  pull  the  rim  apart  at 
m  or  n.  Hence,  the  pull  on  a  string  S,  Vi^.  3,  perpendicnlar  to  mn,  is  the  sum  of  the 
components  Y  of  Srll  the  slices.  For  e»ch  very  thin  slice.  Tig.  6  (greatiy  exaggerated) 
we  Ittve  ^ftce  angle  A  ^^  angle  A') : 

Length  I  ,  its  horizontal  . .  centrifugal  force  .    its  vertical 
of  slice   •  projection,  j»   * '        /,  of  slice       *  component  V. 
Hence,  for  the  ei^re  half-tlm  nm^  Fig.  3  (made  up  of  such  sUce^,  we  have: 

Length  mm  .  its  liorinontal    . .  J?ili"  wl^of  ?n  ^t*!^: .  ^^^^^^ 
ofhalf-rtm   -prnjecdon-^.  '' T^'lT^.^'i^U^^V  ^l^^^^ 
which  is  identical  with  the  proportion  at  top  of  pa^. ' 

tTbti  riMt  Of  revolving  wheek  are  umilly  made  strong  eooush  to  resiat  the  teniloo 
due  to  the  centrifugal  force,  without  aid  from  the  «po*M,  which  thus  have  merelv  to 
support  the  weight  of  the  wheel.  But  if  the  rim  hrtaks^  the  centrifhgal  forees  of  it« 
rragmenU  oonie  entirely  upon  the  spokes;  and,  since  the  breakage  is  always  iiregn- 
lar,  iQme  of  the  spokes  will  always  receive  more  than  their  share. 
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^•-•*M;W«»«      „,0.4244«(vel.atg)» 


0.4244  ir«  »<  Og 
900y 

The  stress  |>e7'  sqitare  inch  in  any  full  Bection  mn  is 
teneion  in  «nn 


(8). 


=  W 


(9). 


HMli  slreiu*  = 


area  of  cross-section  in  square  inches 


=  W 


=  W 


0.4244  (yelocity  at  z)* 


dlam.  i»fi,  ins.  X  thick  neas,  ins.  XczX§ 

a4244  »«  n*  eg 

diain.  mtif  ins.  X  thickness,  ins.  X  900  ^ 


.  .  .(10). 


.(11). 


Fi0,S 


Fig.  7 


f  =t  the  eentnpeUl  force,  in  pounds,  acting  upon  a  sincle  revolving  body,  a, 

Fl»9.  i;  2, 4  and  5,  or  upon  the  half-rim  or  half-disc,  Figs.  8,  C  and  7 

» the  centrifugal  ^rce  exerted  by  such  body. 
F  =  the  sum  of  theewitrirugilfotoee/,  «f  «U  the  particles  of  a  rim.  Fig.  3. 
W  =  the  weight  of  the  body,  itt  pounds. 
R  *.  the  radiua  ai»  Figs.!, 4  and  5,  of  the  path  of  the  center  offfrmitj^ot  the 

bodar. 
«  »  ih«  «nilbna<feiM(iiy  of  the  body  in  X\»  circular  path.  In  feet  per  second, 
n  «  the  nutnt^f'  of  nioltttioiis  per  nimite. 
a  =  the  aoceleiiition  of  gravity  =  say  82.2  feet  per  second.    900  jr  «  about 

M9W. 
_  circumference  _        ^  j^,^    ^  ^  ^^^^  g  g^, 

diameter 
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Art.  1*  When  one  rough  body  reetc  upon  another,  the  projections  and  de- 
pressions forming  tlie  ronghaciMgi  of  their  surfaces  of  contact  ijMt<erl*clL 

to  a  greater  or  less  extent;  and,  in  order  to  slide  one  over  the  other,  we  must 
expend  a  portion  of  the  sliding  force,  either  in  s^tarating  the  bodies  (as  by  lift- 
ing the  upper  one)  sufficiently  to  dear  the  projections,  or  in  breaking  off  some 
of  I  he  projections  aud  clearing  the  others. 

Tbuit,  lei  B  I'ig.  la  p.  318  «,  r«pre«ent  on«  of  the  minote  projectioDs  (highly  magni- 
fied) on  the  snrf  of  the  lower  body:  a  one  of  those  cf  the  upper  body;  and  Fg 
a  force  tending  to  slide  the  upper  body  hor  over  the  lower  one.  To  do  so  it  must 
depurate  the  two  bodies  (by  pushing  the  Uf^r  one  up  the  inclined  plane  st)  un- 
til  a  clean  /;  but  it  may  reduce  the  height  of  this  lift  by  grinding  or  krcaking 
off  a  part  of  /  or  of  a.  It  is  immaterial  whether  the  surf  of  contact  is  hor,  in- 
clinea  or  vert-.  The  separation  of  the  two  liodies  must  take  place  in  opposition 
to  whatever  ^rce,  acting  perp  to  the  surf  of  coatact,  tends  to  hold  them  to- 
gether. 

Ttie  surfs  of  nil  bodies  are  more  or  less  rough.  Hence  this  interlockiDg  takes 
place  to  some  extent  between  even  the  smoothest  surfs.  Without  it,  tite  most 
powerful  vise  could  not  prevent  the  lightest  wt  from,  falling  out  of  its  jaws;  and 
the  smallest  conceivable  force  would  slide  the  greatest  conceivable  wt. 

The  resistance  which  the  sliding  force  thus  encounters  is  called  fM«(l#Bu* 

Art.  8.  Friction  always  tends  to  prevemi  rdatUoe  moHim  of  the  two  bodi^ 
bHtoetn  tohich  it  act*;  i  «,  motion  of  one  of  the  bodies  relatively  to  the 
other.  In  doing  so.  however,  it  tends  equally  to  cause  relative  motion  be- 
tween each  of  those  two  and  a  thirtl^  or  mUside  body.  Thus,  the  fric  between 
a  belt  and  the  pulley  drivm  by  it,  tends  lo  prevent  slipping  between  tAtm; 
but  thus  tends  to  make  the  belt  slip  on  the  drioinff  pulley,  and  sets  the 
driven  pulley  and  its  shaft  in  motion  rilaHvely  to  the  bearing  in  which  the  shaft 
revolves.  Tkit  motion  is  resisted  by  the  frib  betieeen  journal  and  bearing  ;  and  this 
fric,  In  turn,  tends  equally  to  make  the  bemrittg  revolve  with  the  jourual,  and  to 
niuke  the  belt  slip  on  the  driven  pulley. 

Art.  8.  The  fric  between  two  bodies  at  rest  relatively  to  each  other  is  called 
iltatic  flriction,  or  fric  of  rest.  TIrat  between  two  bodied  in  relative  motion 
is  called  fcinetle  friction  or  fric  of  motion. 

Art.  4.  (a).  The  nltimate  or  maximnni  static  frie  betweeo  two 
bodies,  as  U  aad  L  Fig  1,  (or  the  greatest  fric  resistance  which  they  are  capable 
of  onposing  to  any  slraing  force  when  at  rest)  is 
equal  to  a  force  (as  that  of  the  wt  F)  which  is  just 
upon  the  point  of  making  U  begin  to  slide  upon 
Uf  Thus  fric,  like  other  Jorces,  may  be  expressed 
in  weights^  as  in  lbs. 

(b)  A  renistce  cannot  exceed  the  force  which  it 
re:»i8is.^    Therefore  if  F  is  less  than  the  ult  static 
iri».  1  fric  between  U  and  L,  th^ frictiowU  resislee  aetuaihf 

exerted  by  them  is  also  less.  When  F  Is  =  the  ult 
fric  (and  U  is  thei^fore  on  the  peint  of  sliding)  the  actual  resistce  is  =  the  ult 
Stat  fric.    If  F  exceeds  the  ult  stst  fric,  the  excess  gives  motion  to  U. 

Art.  9*  If,  when  a  body  is  in  motion,  ail  extraneous  forces  and  resistoes  are 
removed  or  kept  in  equlflib.  It  moves,  at- a  uniform  vel.  Ilelirp,  If  the  force,  F 
Fig  1,  is  just  s=  the  ult  kinetic  fric  between  U  and  L,  their  vel  is  uniform.  If  F 
exceeds  this,  the  excess  accelerates  the  vel.  If  the  nit  kinetic  fric  exceeds  F,  the 
excess  retards  the  vel.  Thus  tlie  actual  fric  reaiatcc  exerted  by  tw«> 
bodies  in  relative  motion  is  =  their  nit  kinetic  frftc  »>  that  force  (as  F)  which 
can  just  maintain  their  relative  vel  uniform. 

Hence,  if  the  hor  surf  S  upon  which  L  rests,  could  be  made  perf^tly  friction- 
less,  the  pres  of  L  against  the  lug  m  (which  vrould  then  always  be  =e  the  actual  fric 
resistce  between  tJ  and  L)  wouM  aho  be  «■  their  «2l  friesnloBgasVettniitiuedki 
motion  over  L,  and  might  therefore  be  greater  or  leas  than  or  =>s  F;  but  when 

•  "Friction"  (me«oinK  rabbing)  tn  a  mlnnomer  Id  aoflir  as  It  impUeii  tliat  nihMvg  mutt  ta>« 
place  in  order  to  proauoe  the  resiauiice.  For  we  meet  this  reststanoe,  not  00I7  during  rahbtng,  lyit 
alM  before  motion  (or  mbbing)  latM  place.  "  BaeisUnee  af  roue luieas  "  waald  batMr  axprees  iu 
nature. 

t  We  here  neglect  the  Me  of  tlte  string  and  puller,  and  assume  that  all  the  fMnee  of  the  wt  F  If 
transmitted  by  the  string  to  U. 

Ur  a  reaUUng/bre«  exceeds  the  force  resisted,  the  ezccM  It  not  resLstoe.  but  MoUva  foraa. 
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YuefSut^  "»e  P^  against  m  would  be  =•  F,»i>d  lew  than  (fr  At  mo«t  just  =) 

A»i.  ••  8iBoe  no  nirfaee  can  be  muds  ^ks(dviefy  smooth,  some  separation  of 
the  two  bodies  must  in  all  cases  take  place  in  order  to  clear  such  projections  as 
®**^  i.??"*^  \^*  '*?*  *•  always  wore  or  lose  affected  by  the  amount  of  the  perp 
pres  which  tenfeis  to  keep  them  tofl;Bther. 

Tlie />rop«*ion  which  the  iilt.  fric,  in  a  given  case,  bears  to  the  perp  pres.  is 
called  ihecoefflclent  of  ft-ictton  for  that  case.    Or,  t^  f  f    'h 

Coefficient  of  friction  = ultimate  friction 

perpendicular  pressure 
and 


Thus,  If  a  force  F  Fii 
and  if  the  wt    ""  '  " 


Ultimate  friction  «  perp  pres  X  coeff  <rf  fric 

^7w^/*S^i*2fc^.?J^4'l?^  balances  the  ult  fric  between  U  and  L, 
of  U  (tb«^J)r>r^!irl«ift  cAseslute  the  surf  between  U  and  Lis 

Aor)  is  50  818,  then  tlieeoeffef  Me  between  U  and  L  is  «  H^  -  A 

.  Til©  epeflr  Is  uu|)|jr  eunneseed  decimally,  oivby  a  common  fraction: 
but  sometimes,  as  in  the  case  of  railroad  cars  and  engines,  in  lb»(of  frici  ner  ton 
(ofperp  pres).  ^  Or  by  the  "  angle  of  fric  "  in  degs  anci  mins.    (Art.  61,  p^.\ 
JlSSJ^S^  ^^^^  ^^^  ^'J^  materials;  and.  in  a  giren  materfaf.  varies  with  Ihe 
tetootlittess,  cleanness,  dryness  et6  of  th^iurf. 

^^fJ«'>J'»*«p«*'®^  static  trie  maybe  fonnil  experfmentallr, 
oi!'^^*'.^*'^'*i^'^,^******'*»"*  l»ri»ielin!nR  tV  surf  of  comact!asIi»  Ai^.Vl 
p  353.  li^xptD  on  fric  witli  unguents  cannot  well  be  made  on  a  small  scale  hi  tM 
latter  way ;  on  account  of  tlie  stickiness  or  cohesion  of  the  unguent. 
Art,  8.  (a)  To  find  tUe  coeffof  kinetic  ftric,  allow  on  e  of  the  bodioa, 
U  Fig 2,  to  slide  down  an  inclined  plane  AC 
formed  of  the  other  one  and  having  any  con- 
venient known  steepness  ACE  greater  than 
the  angle  of  fric  (Art.  61,  p  353).    l^ote  the  vert 
dist  AE  through  which  U  descends  in  sliding 
any  dist  as  AC,  (AE  =  AC  X  sine  of  ACE 
table  of  sines  etc,  pp  60  etc) ;  also  its  aetual 
_     sHding  vel  in  ft  per  >ec  on  reaching  C.    Calcu- 
-ETig^fd  late  thetwr/di^t  AD  through  which  it  would 

have  to  descend  (ilong  the  fiane  (from  A  to  B) 
to.c^aiwthatvelt//*e«t«T««oAi«.    (aD»^    velocity«lnftper  sec     \ 
,  .  .  \  twice  the  accel  ff  of  grav*/ 

FindDE(  =  AE— AD),and  thehordistECcorrespoudlBgtOiAC  (£€=«  A€>^ 
cosine  ACE  »  i/A<?  —  JTE*).   Then 

DE 
Coeffof  tht  average  fric  in  sliding  from  A  to  C  =  -=^ 

because,  i€  we  let  A  E  rapresent  the  tofat  sliding  force  expended  (in  moving  U 
from  A  to C and  in  OT^renming  tlie  fric);  tl»en  A  D  represents  the  portion  of 
A£  expended  on  mt;  and  DE  that  expended  on  /He,  and  therefore  =>  the  fric 

„  DE        friction  - 

Hence   ^£.7=-  = :«  eoeff* 

EC       perp  pres 

(l»)  Ok,  find  the  sine  and  the  tangent  (table  pp  60  etc)  of  A  C  E ;  and  the  dist 
A  C  ( —  time*  in  sect  Xiff*X  sine  of  A  C £)  through  which  U  toauld  slide  in  a 
given  time  ifUmt  lasrs  mfrie.  Measure  the  djat  A  B  tlurough  which  it  aduaibe 
•tWef  inthatiime;  apdflndBC'-AC^  AB.    Then 

fric  in  sHding  from  A  to  Bi  AC 

beeaiise 

•  gss  aboat  82.2  ;igts  about  64.4. 
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(lit)    AO:AB:10    ::    AK:AD:DS 

..the  theoretical  yeloc 
*  *  due  to  totfti  didiotf 


the  theoretical  T«>«*g^  :  the  motnaX  Tetodty  :  the  frtoliottia    retenlMton 


iMiaff  force  employed     the  Mctioa,  or  the  tUdii^; 
: :  the  total  sliding  force  :   in  glting  the  echul    :    lote^  veqaiFed  to  betoace 
Telocity  the  frictfon. 

And,  if  A  E  is  —  the  toUl  sliding  force,  then  E  G  is  »  the  perpendicular  presrare; 
Hud  (Art.  ©2,  p.  363.)    DB  _  ^  ooeftcieut  of  fricfion  -  tangent  of  D  0  B. 
EC 
(2nd)  Owing  to  the  simihui^  of  the  two  triangles,  A  B  D  and  A  C  £,  we  hare 
AG:BC::AE:I>E  :?  ^ :  ^  ::  tangent  ACS  :  ta&geot  D  C  X. 

Art.  9,  In  1831  to  1884,  G«n'l  Arttiiu  MmHm*  e^Mrinentod  with 
pressures  not  exceeding  about  30  lbs  per  sq  in ;  kdd  arrived  at  the  following 
couclusioita  in  rc^rd  to  sHdiair  Irlo  w>here  the  pmr^  ptea  to  ooUBjdArably  Iwi 
than  would  be  neceesarj  to  abrade  the  surfs  appreciably.  These  were  for  aluuf 
time  generally  regarded  as  constituting  th«  tlii^  MiMfanBMiMriiii#fc%f 
frle.    Bat  see  Art  11,  p  874. 

1st.  The  uU  fric  between  two  bodies  is  proportional  to  the  total  nerp  force 
which  presses  them  together ;  <  e,  the  coefT Is  Ukdepeiuleiit  €»f  tne  perp 
pres  and  of  its  iatensiijf  (pres  j^er  unii  of  surf).    Hence 

dd.  For  any  given  Mat  perp  pres,  the  ooeff  is  Uidepend^Bt  •f  tlie 
are*  oC  surf  in  contact* 

If  upon  a  bor  support  we  lay  a  brick,  measuring  8X4X2  ins.  first  upon  its 
long  edge  (8X2  ins)  and  then  upon  lis  side  (8X4  ins),  we  double  the  area  of 
contact,  while  the  total  prca  (the  wt  of  t)i«  bricks  remains  tfav  tfanfe,  am  dkmt  r«- 
duce  the  pres  per  sq  in  by  one-half.  Consequentlv  (the  coeff  remaining  practically 
the  same)  we  hare  only  half  theyWcper*  ^  in.  ButWe  have  twice  as  many  sq  ins 
of  contact,  and  therefore  the  same  total  ttic. 

But  if  we  can  increase  or  diminish  the  area  of  contact  toithoi^  affecting  the  pres 
per  sg  in,  the  totai  pres  will  of  course  vary  as  the  area^  and  the  totM.fric  will  vary 
in  the  same  proportion,  for  the  cOelT  remains  the  Bame.  Tb«»,  if  w»'^Iaoe  two 
similar  sheets  or  paper  between  the  leaves  of  a  book  (taking^ave  not  ro  place 
both  sheets  between  the  same  two  leaves)  and  then  equeeae  the  book  in  a  leUe^ 
eopyfbg  press.  It  will  require  about  twioe  as  much  force  to  puU  out  both  sheets 
as  to  pull  out  oqly  one  of  them. 

Sd.  Althouirh  the  Coeff  of  static  ttle  between  t w«  hndiea  it  often  mach  greater 
than  their  coeif  of  kinetic  fric;  yet  tlie  coeff  of  kinetic  firic  is  inde- 
pendent of  the  wei. 

This  applies  also  (approx)  to  the^He,  and  hence  to  the  ir9r^(in/oo^popnda  etc) 
of  overcoming  fric  through  a  given  dist;  for  tnen  the  work  (  »  resistce  X  dist)  is 
independent  of '^the  vel.  But  in  a  given  timet  the  dist  (and  consequently  the 
work  also)  of  course  varies  as  the  vet    See  Art  tl,  p  874/. 

Art.  lO.  (a)  Some  kinds  of  surfocea  appear  to  interlock  their  projections 
much  tnore  perfectly  when  at  rest  relatlvoly  to  eaeh  other:  fliAitf  when  in  even 
very  slow  motion ;  and  In  some  cases  the  degree  of  Ineertoekiiiq  aeeras  to  in- 
crease  with  time  Of  contact.  Hence  there  fa  often  a  great  diff  is  amount  betwerS 
fric  of  rest  and  fric  of  motion.  Thus,  Oen'l  Morln  found  that  with  oak  apoa 
oak,  fibres  of  the  two  pieces  at  right  anglea,  the  resistce  tO  slldtng  while  still  at 
rest,  and  after  being  for  **  some  time  in  contact,"  was  about  one  eighth  greater 
than  when  the  pieces  had  a  relative  vel  of  from  1 1^  5  ft  per  sec. 

b)  But  expct^ienoe  shows  that  even  very  slight  iarring  suttcet  to  remove  thli 
^,  and  since  all  atnictareB,  ettn  the  heavle^,  un  snhffct  to  oceaalonci  5trrlhf> 
(as  a  bridge,  or  a  nelghborinig  building,  or  even  a  hlU,  daring  the  pasaage  of  ft 
tiraln ;  or  a  large  fietory  by  the  motion  of  tta  machlnenr ;  er  in  nmnberleii  easM^ 
by  the  action  of  the  wind)  it  fa  ezpi>dient.  In  conatrucilon,  not  to  rely  on  frie  f>r 
atabiliiv  any  further  than  the  coeff  for  movina  fric  will  justify.  When  it  is  to  be 
reearded  aa  a  reslstca,  wMeh  we  lauat  provide  force  for  overcomlog,  it  should  be 
taken  at  considerably  more  than  our  tabuhir  statement,  p»  898. 


a.ff?\ 


t.^  ^  y*  •' 'und^nienui  IdeM  of  Meohaales",  transUted  by  Jot.  Bennett;  D.  Applttoa  *  0^ 
"•w  York,  1880. 
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TAble  •fmoTinc  frietlon,  otj^vtoetiy  smooili.  ele»n,  And 
<hrjr,  iMane  snrfhees,  chiefly  from  Morin. 


lUtMialt  IzperltnMited  with. 


Coeffof 
Prio:  or 

tioBOf 

Frio  to  the 
Pre«. 


Angle  Q 
Fric 


OakonoAk;  «U  tlie  fflben  parallel  tp  tli«  motion 

"  "      morlli^  fibre*  at  right  angles  to  the  others ;  and  to  the  motion . . . 

••  ••      all  the  fibres  at  right  angles  to  the  motion 

"  "      moving  fibres  on  end ;  resting  fibr^  parallel  to  the  motion 

' '        o«at  von ,  fibres  at  right  angles  to  MotiM >. 

Elm  on  oak,  fibres  sll  parallel  to  motion.... « 

Oak  on  elm, 


BIm  on  oak,  moTing  fibres  at  right  anf^s  to  the  others,  and  to  motion. , 

Ask  on  oak,  fibres  wl  parallel  to  motion 

Fironoak,        '*    •♦  "  ««       ., 

Bee^  on  oak    "    "  **  "       ......».•«.•«.......«.... 

Wre«ght  Iron  on  oak,  fibres  parallel  tometlon-!».,.«.l,*.«|.il!!Il]!l!] 

Wnmght  iron  on  elm,     "  "       "      '*      

Wrought  iron  on  cast  iron,  fibres  parallel  to  motion 

*•         •*    on  wroaght4ron,  fibres  all  parallel  to  motion 

ITreo^it  iron  4q  brass , , 

Wrtftaght  Iron  o|i  soft  limestone,  well  dressed...., , 

>         "     -  hard-      "    '       "       "       ....!...« , 


"     -"     "  ^  ••       "        wet 

"    or  steel  on  hard  marble,  sawed.    By  the  writer about. . 

"     "    "      *'  smoothfj  planted,  an4  rubbed  mahoganj,  fibres  par- 
allel to  motion. 


••         "     "    "      "  raroothly  planed  wh pine... ^...^.^ 

Cast  iron  on  oak,  fibres  parallel  to  motion , 

"      ••     "  elm,     "  '•       "       "     , 


Ste^oncast  Iron , ;. 

Steel  on  sted.    By  (he  writer , 

Steel  on  brass *....,*»,► ,*,.^»...,, 

Steel  on  polished  glass.    By  the  writer , about.. 

"    qniteameeth.  bnt  not  polished;  en  per«6etly  dry  pluied  wh  ptee,  fibres 

parallel  to  motion about . . 

**    qnite  smooth, bat  not  polished;  on  perfectly  dry  planed  and  smoothed 

mahogany,  fibres  parallel  tomoUoa about.. 

Yellow  copper  on  oast  iron , 

"  "      onoak.....-.*. 

Brass  on  cast  iron , 

"     •nwiwigbttNii,fil*«s  parallel  te  motion 

"     OB  brafa.,....4.» » 

"     cm  perfectly  dnr  planed  wh  pine,  fibres  parallel  to  iqotion.. «...  .aboai. . . 
"      •*         "        **^       "     and  smoothed  msliogftny,  fibres  p«^le1  to  a^op 

tion , ....about.. 

fftlfefcBd  autMeeo  peilshed  marble.    By  the  writer ATorage 

"  "       on  common  brick. ««      

Common  ltti«k en, common  brick... •«      ..^.!... 

Soft  lime«tone  wen  dresMd,  on  the  same 

Common  bHek,  on  wellWlressed  soft  Umestone 

••       ••     "       "       hard       "       

Oaka«nie«thegral9,onsoft  limeRtone.  well  dressed ., 

.j-~5a—   ,.  «^      ^.  H^4       •       •«      .«      ; 

flatti  AneeMBe  on  bard  limestone,  both  "         ••      

"  '•  "soft  "  ••     "        "      

Soft         *'  '»  hard  "  "     "         •'      

Wooden  metal,  generally,  .2  to  .82 mean.. 

Wood,  very  smooth,  on  the  Mnte,  generally,  .2&  to  .5  "    .. 

Wood,    "        "        on  metal,  ••         .2   to  .62 "    .. 

Vetail  on  metal,  very  smooth,  dry       "         .15  to  .22 "    .. 

Masonry  and  brickworkf  dry  "         .6   to  .7 "    .. 

"         *•  "  With  wet  mortar. about.. 

"         •'  "  "     slightly  damp  mortar "     .. 

"      ondry  clay •«    .. 

"      "  moist" , ••     .. 

Marble,  sawed ;  on  the  same ;  both  dry.    By  the  writer.* average   " 

"  "         "    "       "       both  damp "    ,,» ••         •«     .. 

"  ••       on  perfectly  dry  planed  wh  pine.    "    ..• •'         ••    .. 

"  •*       on  damp  planed  wh  pine "    ..# «•     .. 

••     pnltshed.  on  perleoAy  dry  planed  wh  pino    "    , "    .. 

White  pine,  perfectly  dry ;  planed :  on  the  same ;    all  the  fibres  parallel  to 

motion  .......,...^n about.. 

"       **     damp,  planed ;  on  Uie  same "    .. 


.48 
.82 
.34 
.!» 
.87 
.48 


.86 
.86 
.62 
.25 
.1» 
.14 


.18 
.16 
.49 
.30 
.15 
.15 


.15 
.11 


.18 
.19 
.62 
.22 
.16 


.24 
.16 
.44 
M 
M 
M 


.67 
.65 
.41 
.88 
.41 
.18 
.65 


>eg.  Min. 

&  88 

17  46 

18  47 
10  46 

20  19 
28  17 
14  8 
24  16 

21  49 

19  48 
19  48 
81  47 
14  8 
10  46 

7  58 
9  89 

26  6 

13  80 

16  42 

9  39 

10  12 
9  6 

26  6 

11  19 

8  82 

8  .32 

11  19 
7  59 
6  82 
«  17 

9  6 

10  12 

10  46 
81  48 

12  25 
9  6 

11  19 
»  46 


18 


80 

9  6 

M  45 

82  88 

Si  S8 

33  2 

81  00 

SO  48 

20  48 

20  48 

S3  50 


22 


22  18 

10  12 

38  2 

25  30 

86  30 

27  00 
18  15 
21  49 

28  49 
24  14 
81  00 
U  85 

21  48 

31  00 


•  B«t  after  a  few  trials  the  surfaces  become  so  much  smoother  as  to  reduce  the  angles  as  mneh  as 
from  2°  to  60;  the  sUding  blocks  weighing  aboot  80  lbs  eaeh. 
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Art.  11.  Recenfc  experimeDtB,  wkh  raucli  greater  Tftriatioas  of  prw  and  of 
Tel,  and  with  luore  delicate  apparatus  for  detecting  slight  cbaugea  in  the  tmttft  i 
although  giving  coufliciing  resulu,*  show  that  (ke  ttare«  laws  In  Art*  9 
are  far  from  correct  fur  surfs  moving  at  high  yels,  and  under  great  pres;  and 
that  they  are  only  approximately  eorreet  for  ordinary  vels  and 
pressures;  for  tlie  cot;ffi8  found  to  vary  both  with  the  intensity  of  the  pres  and 
with  the  vel,  as  also  with  ttie  temperature.*  But  in  the  cases  with  which  the 
civil  engineer  luis  mostly  to  deal,  slight  difb  in  the  character  of  the  surfs,  or 
even  in  the  dampness  of  the  air,  will  oft-en  cause  mnch  greater  changes  of  coeff 
than  th^sedue  to  any  probable  changes  of  pres.  vel  and  temp:  so  tnat,  within 
the  limiU  of  abrasion,  we  may  generally  take  Morin's  rules  as  sufficiently  cor- 
rect for  such  cases. 


Vel««it7  •t  BlldlHSt  i»  Uielie*  per  aee«M4. 

Line  A  shows  coefia  at  diff  veil  under  a  prea  of  1.98  lbs  per  sq  in. 
I.     B  "  «  "  1.59     •*        ^ 

«     C  "  "  **  1.60     ••  « 

«     D  **  "  •*  1.61      «  « 

"     E  •*  **  **  4.17      "  ** 

Tt  will  he  seen  that  at  low  vels  the  coeff  decreased  when  the  prea  per  sq  in  was 
almost  imperceptibly  increased;  but  this  diff  disappeared  as  tlie  Tel  increased. 
At  vels  from  4  to  1*20  ins  per  sec,  the  ewft  generally  decreased  as  the  Tel  in- 
creased ;  rapidly  at  first,  but  more  slowly  as  the  vel  became  greater.  This  agreea 
with  other  recent  expts.  But  at  very  low  vels  (.08  to  5  ins  per  aeo)  Prof.  Kinball 
found  the  coeff  (line  £)  increasing  very  ramdly  with  the  vel. 

We  have  made  the  scale  of  coefl^  large  in  order  to  show  their  Tarlations.  which 
are  so  slight  that  they  would  otherwise  be  scarcely  perceptible.  Less  aellcate 
ezpts  would  haTe  failed  to  show  them  at  aU. 

Art.  13.    (m)  In  1878  Capt.  DoafrlM  Ctatlton  and  Mr.  Ctoorm  "West* 

Inf^lioas*,  Jr,9  made  carefhl  experiments  In  Bngland  to  ascertain  tlw  eftet  of 
friction  in  connection  with  rallTrajr  brakea.  X    The  friction  and  pressnre  were 

•  Tbl8  Is  not  surpriiiiDg  In  view  of  the  extent  to  whleb  the  eoeff  is  affented  bj  tbe  natore  of  th« 
snrf.  If  tbe  shape  of  tbe  minute  projectioDs  ia  suob  that  thej  fit  into  eacb  other  as  perfectly  under 
small  pressures  as  under  great  ones,  and  if  they  are  ton  strong  to  be  broken  bj  tbe  pressures  applied, 
the  coeff,  as  suted  in  tbe  1st  law,  should  be  independent  of  tbe  pres.  But  if  high  prea  wedges  tlie 
pn^eotions  of  one  body  moreelosely  between  those  of  the  other,  tbe  ooetT  should  Increase  under  such 
pres.  On  the  other  band,  if  tbe  higher  pres  breaks  down  the  prqjeetions  while  tbe  lower  ones  are 
nnable  to  do  so.  tbe  coeff  should  decrease  under  tbe  higher  pres.  The  particles  thus  broken  off  unj 
either  act  ss  a  lubricant  and  thus  still  further  r«duee  the  frio  and  its  coeff,  or  (If  angular  and  hard) 
may  inereaae  iu  Change  of  area  of  contact,  under  a  given  total  prea,  may,  by  alhetlng  tbe  intetut^ 
of  the  pres,  make  changes  in  the  coeff  Kimilar  to  those  Just  mentioned. 

At  high  veU  the  roughnesses  have  not  time  to  interlock  ss  perfectly  as  at  low  Tela.  Hence  we 
should  expect  a  less  coeff  at  blah  vels.  But  high  vel  generally  increases  tbe  number  of  projections 
broken  away  ;  and  these  mar  either  increase  or  diminish  the  eoeff,  as  explained  above.  High  vel 
often  indtreetly  affects  It  by  increasing  the  ttmpgrature. 

t  Hllliman's  Journal  (Amerlciin  Journal  of  Science)  March  18T6  and  May  18TT. 

I  8m  Pme,  lastn  ef  Meohl  Kngrs,  l<ondnn,  June  and  Oct  lft78  and  April  1879 :  and  "  Knglneerw 
tog,'  London,  UTS ;  veL  li,  pp  48«.  4fi»,  490 ;  rol.  M.  pp  168, 888,  SI6. 
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rnitomatically  ivenrdnl  bj  mMms  of  hTdnvTic  sniiffn*.  WHb  cftfft  Iron  bmke-Uockt 
and  nteeMirml  wooden  wh«ekv  43^  inebas  tn  diameter,  they  fonnd  ooeflcivntt  about 
«A  nhowD  in  Fiff.  4. 

The  pofnta  in  lines  A,  B  and  C  sliow  the  ayerage  brake  co(>iE$,  or  coelEi  of  slid- 
ing fric  between  the  tread  of  a  rolling  wheel  and  the  brake-block, 

Sveed  •€  Car.  la  adle*  ver  h««r. 


I 


I 


Spaad  •r  Gar,  la  mUea  p«r  JM«r« 

Line  A  shows  brake  eoel&  obtained  immed'r  after  applieatioB  of  brake 
"     B  "  "  6  sees  " 

«     C  *•  **  16    •*  *•  ** 

•'    T>  shows  rail  coeiEf  or  coetti  of  sliding  fric  between  the  tread  of  a  slid- 
i$tg  <yr" skidding"  wheel  (held  fast  by  the  brake)  and  the  rail. 

(b)  From  Hnes  A  B  and  G  it  appears  that  the  brake  eoeff  obtained  at  a 
given  length  of  time  after  the  application  of  the  brake  was  generally  greater 
»t  l«iv  (k»ii  at  blgrb  Tela.  But  where  the  Tel  was  maintained  uniform 
the  brake  eoeff  dlmlnlsked  as  black  and  wheel  remained 
l«B«er  in  eantaet.  Thus,  lines  A  and  B  show  that  at  87|  miles  per  hour 
the  Drake  coefTwas  .154  when  the  brake  was  first  applied  (point  g),  but  fell  to 
.096  in  5  8ecs  (x).  Line  A  (immed'y  after  application)  shows  a  higher  brake.coeff 
(.132  at/)  at  47|  miles  than  line  B  (5  sees  after  application)  shows  at  v37|  miles 
(.096  at  x). 

The  diminution  of  the  roiTeoeff  with  length  of  time  of  application  of  brake. 
was  scareely  noticeable. 

(e)  When  the  brake  fric  (owing  to  the  reduction  of  rel  and  consequent  in* 
crease  of  coefT)  becomes  *»  the  "adhesion '*  or  static  fric  between  the  rail  and 
the  tire  of  the  rolling  wheel,  the  yel  of  rotation  rapidly  falls  below  that  due  to 
the  Tel  of  the  car;  i  e,  the  wheel  begrins  to  '^ skid''  or  slide  along  the 
rail ;  and  in  from  .76  to  Ssecs  the  rotation  of  the  wheel  censes  entirely. 

(d)  The  rail  eoefl;  line  D,  Is  generally  mneh  less  than  the 
brake  e€»elll  lines  A,  B  and  C.  The  pres  on  the  rail  (  »  the  wt  on  a  wheel) 
was  about  SdO^Aa  per  sq  tn,  or  greatly  in  excess  of  the  limit  of  abrasion.  That 
at  the  brake  was  about  'iOO  lbs  per  sq  in.  A  few  expts  were  made  witli  brake 
blocks  haTinw  but  ^  of  the  usnal  area  of  contact,  ana  therefore  3  times  the  pres 
per  sq  in  under  a  given  total  pres.  They  failed  to  show  conclusively  that  this 
caused  any  marked  change  in  the  coefT. 

<e)  Tke  rail  eaeff,  line  D,  like  the  brake  coedT,  increases  as  the  Tel 
diminishes;  slowly  at  first,  but  much  more  rapidly  as  the  speed  becomes 
less:  until,  at  the  moment  of  stopiping,  it  is  generally  even  greater  than  tlie 
brake  eoeflTjust  before  skidding.  With  steel  tires  on  iron  rails  at  high  vels  it  was 
somewhat  greater  than  on  steel  rails,  but  this  diff  disappeared  as  the  vel  dimin- 
ished. 


(ff )  Iiacamotiwes  overcome  resistces  «  from  }  to  )  or  more  of  the  wt  ou 
all  the  drivers;  i  e,  they  have  a  coelTof  .S3  or  more,  although  the  experimental 
eoeff  for  steel  on  steel  in  motion  at  low  pres,  is  only  about  .15.  But  the  cases  are 
•o  dilf  that  a  similarity  in  their  coeflb  could  hardly  be  expected.  The  great  wt, 
■ay  from  2  to  6  or  eren  7  tons,  on  a  driver,  is  concentrated  on  a  surf  (where  the 
wheel  touches  the  rail)  about  2  Ins  long  X  about  \  inch  wide,  or  —  say  1  sq  in. 
The  prea  per  sq  in  thus  greatly  exceeds  not  only  that  upon  which  the  tables  are 
based,  but  also  the  limit  of  abrMion.    Beaideft».any  poiat  in  the  tread»  during 
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the  l»8t«Dt  when  it  ii  acting  m  the  fulcrum  for  the  Rteam  pros  in  the  eyi,  is 
ttatkmarp  upon  the  rail.    Its  fric  (inis^iUed  *'  adheston  ")  is  therefore  *iati6, 

Capt.  Cialtou  round  that  the  coeff  of  '^aclliesioii  '*  was  independent  of 
the  vei,  and  depended  only  on  the  character  of  the  surfs  in  contact.  With  a 
four-wheeled  car  having  about  5000  lbs  load  on  each  wheel,  it  was  generally  orer 
.20  on  dry  rails :  in  son^e  caaes  J2d  or  even  higher,  Ou  wet  or  greasy  rails,  with- 
out sand,  it  fell  as  low  as  .15  in  one  case,  but  averaged  about  .18.  Wltlt  sabcI 
ou  wet  rails  it  was  over  .20.  Sand  applied  to  dr^f  rails  before  starting  gave  .36 
and  even  over  .40  at  the  start,  and  an  average  of  about  .28  during  motion  ;  but 
sand  applied  to  dry  rails  while  the  car  was  in  motion  was  apt  to  be  blown  away 
by  the  movement  of  the  car  and  wheels. 

(S)  Owing  to  theconstancy  of  the  coeff  of  '*  adhesion  "  under  eiven  conditions 
of  tire  and  rail,  the  brake  fric  necessary  to  "skid"  the  wheels  in  any  case  was 
also  practically  constant  for  all  vels.  But  at  high  vels,  owing  to  the  lower  brake 
co02f,  a  higher  brake  pre^  was  read  to  produce  this  fixed  amount  of  brake  JHe 
Tiie  slcidding  also  reqd  a  longer  nme  than  at  lovsfieeds. 

Art.  14.  If  the  pres  is  sufficient  to  produce  abrasion  (indeed,  while  it  is 
raticli  less)  the  fric  often  varies  greatly,  out  no  precise  law  has  yet  been  diacOT- 
ert*d  for  estimating  it.  Bennie  gives  the  following  table  of  eoeflli  of  fMc 
of  dry-  surface*^  mider  pressures  g^raonally  Inereased  an  to 
tbe  limlta  of  abrasion.  It  will  be  noticed  that  In  tbls  table  «lie 
eoeff  yenerallsr  Increases  with  the  intmHty  of  the  pres : 

<?oellli  of  frietlon  of  dry  surfaces,  nnder  pressnres  iprad- 
nalljr  inereased  np  to  the  limits  of  abrasion.  (By  O.  Benni«,  C  E  ) 


FrecluLte. 

Wrought  Iron 

Wroogfat  IfM 

Bted 

%nm 

per 

on 

on 

on 

on 

Sqaare  Inch. 

Wrought  Iron. 

OMt  Iron. 

Cast  Iron. 

Cwt  Iron. 

Si.& 

.140 

.174 

.Wi 

.157 

186 

.250 

.27* 

.300 

.225 

»4 

.tsi 

.292 

.S.^ 

.219 

836 

.312 

.333 

.847 

.215 

• 

448 

.376 

..%5 

.354 

'S 

5S0 

.409 

.367 

.358 

Wt 

.Mt 

.408 

ftn 

709 

.494 

Mi 

784 

.m 

821 

.273 

Art.  IS.    (a)  Rolllngr  friction,  or  that  between  the  circumf  of  a  roll- 
ing iKxly  and  the  surf  upon  which  it  rolls,  is  somewhat  similar  ta  that  of  a 


in 

of 


r)in{on  rolling  upon  a  rack.  In  disengaging  the  interlocking  projections,  or 
ifting  the  wheel  over  an  obstacle  o,  Figs  5  and  6,  the  motive  force  F,  instead  of 
dragqing  one  over  the  other,  as  in  Hg  2,  p.  318/,  acts  at  the  end  of  a  bent  lever 
FR  w  Figs  6  and  6,  the  other  end  W  of  which  acts  in  a  direction  perp  to  Uie 
contact  surf;  and  in  oractical  cases  of  rolling  fric  proper  the  leverage  R W  c^ 
the  resisting  wt  of  the  wheel  ana  its  load  is  very  much  less,  in  proportion  to 
that  (F'B)  of  the/orce  F,  than  in  our  exaggerated  figs.  Henoe  the  forop  F  read 
to  rou  a  wheel  et5  is  usually  very  much  less  than  would  l>e  neceaaary  to  Uidt  it. 
(b)  There  are  usually  two  wajrs  of  appljrlnir  tlM  Csree  ia  oTereoaa- 
ing  rolling  fric :  1st  (Fig  5)  at  the  ofti*  of  the  rolling  body ;  as  the  force  of  a 

horse  ia  applied  at  the  axle  of  a 
wa^on-wbeei;  or  (hatof  a  man  at  the 
axle  of  a  wheel-barrow :  2d  (Fig  6)  at 
the  circumf;  ss  when  workman  push 
along  a  heavy  timber  laid  on  tap  of 
two  or  more  rollers;  or  as  the  enoUof 
an  iron  bridgei-truss  play  liackward 
and  forward  by  contraction  and  ex- 
pansion, on  top  of  metallic  rolleraor 
balls  (p  614).  In  Fig  &  we  have,  in  ad- 
dition to  the  rolling  fric  of  the  cir- 
cumf of  the  wheel  on  its  sapport^  the 
sliding  fric  of  the  axle  in  its  tHMiring. 

V.  ♦    *  V  .V  *  J  u  .X         -  I"  F^g  8  ^e  i»**e  oniy  rolling  fric, 

but  at  both  top  and  bottom  of  the  wheel.  ^  b    *-«, 

aiiSth*^i!Si*'^35*^*^*®'r*  *'*®  ▼err  small,  as  in  the  case  of  cart-wheela  on 
amooth  hard  roads,  or  of  car-wlMels  oti  iron  or  8t«el  rails,  the  leverage 
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(F  R)  of  F  becomes,  pnAifcally,  in  Fig  6  the  rmHmt  and  in  Fig  6  the  cUam,  of  tlie 
whe^l;  while  that  (RW)  of  the  resUtce  is  very  small.  Heuce,  n^leeiiog  axle 
flic  in  Fig  0,  the  force  F  reqcl  to  OTereome  rolling  fric  in  such  casea  is  directly 
aa  the  wt  W  of  and  on  the  wlieelf  and  inrersely  as  the  diam  of  the  wheel. 

The  few  ezpts  that  have  been  made  upon  the  coeffs  of  rolling  fric,  apart  from 
axle  fjric,  are  too  incomplete  to  serve  as  a  basis  for  practical  rules.  See  Art  20, 
and  ••Traction,"  p  875. 

(<l)  The  fric  (or  *<  adbeslon '')  between  wheel  and  rail,  which  enables  a 
locomotive  to  move  itself  and  train,  or  which  tends  to  make  a  car-wheel  revolve 
notwithstanding  the  pres  of  the  brake,  Is  a  reslstce  to  the  $liding  of  the  wheel 
on  the  rail ;  and  is  therefore  not  rolling  but  sliditig  fric ;  tttUie  when  the  wheels 
either  stand  still  or  roll  perfectly  on'  the  rails :  and  kinHie  when  they  slip  or 
•*  skid  ".    See  Art.  13  (c,  d,  e  and  /). 

Art  !«•  The  friction  of  liquids  moving  In  contact  with  solid  bodies 
Is  Independent  of  the  pressure,  because  the  ••ftfYing**  of  the  particles 
of  the  fluid  over  the  projections  on  the  surf  of  the  solid  body,  is  aided  by  the 
pres  of  the  surtounding  particles  of  the  liquid,  which  tend  to  occupy  the  plsces 
of  those  lifted.  Hence  we  have,  for  liquids,  no  coeff  of  fric  corresponding  with 
that  (=  resistoe  -i-  pres)  of  solids.  The  reslstce  Is  believed  to  be  directly  as  the 
area  of  surf  of  contact.  Rpcent  researches  indicate  that  Reslstce  =  a  coeff  X 
area  of  surf  X  ^cl",  In  which  both  n  and  the  coeff  depend  upon  the  vel  and 
upon  the  character  of  the  siirf :  and  that  at  low  vels  n  =  1,  but  that  at  a  certain 
** critical "  vel  (which  varies  with  the  circumstances)  n  suddenly  becomes  »  2, 
owing  to  the  breaking  up  of  the  stream  into  marked  counter  currents  or  eddies. 
The  resistance  of  fluid  fric  arises  principally  ft^m  the  counter  currents  thus  set 
in  motion,  and  which  must  he  brought  into  compliance  with  the  direction  of 
the  focae  which  is  urgiiig  the  stream  forward. 

Art.  17.  TnMe  ef  e«eflielents  of  mowing  ftrletlon  of  smootli 
pinne  snrfiaces,  wlhen  kept  perfectly  lubricated.    (Morin.) 


OakonoAk.  fibres  parallel  to  noUoa 

•*    "    **     fibres  perpendicular  to  notion 

"  on  elBL,abres  parallel  to  motion 

"  on  east  iron,  fibres  parallel  to  motion 

"  on  wrought  iron,  "        '*        " 

Reeeh  on  oak,  fibres  *'       "       "      

Bimonoak,        "  ••       "       "      -... 

"onelm,        "  "       "       "      

••  oaMiron.     "  ••       "       "      

Wrottght  iron  en  oak,  fibres  parallel,  greased  and^wet,  .25^. 

**         "      "    **     fibres  parallel  to  motion 

•*         "    onelm,     "  • 

••         ••    ottoastiron.         "       •'       "     

••         **    OB  wrongbt  irea.  **       ••      "     

•«    •abiwm.flbMs    m       «       ..     

Oaailroa  on  oak,  fibres  parallel  to  motion 

•«     •.      ••    "       •«  ••         «•       ••    greased  aud  wet.  .218 

*•     "    on  elm,    •*  "        *•       "    

"     **    on  oast  iron,  wltk  water,  .9U 

"     "     on  brass. 

Copper  on  oak,  fibres  parallel  to  motion 

ToUow  <iopper  on  east  iron 

Brass  on  east  iron 

"     on  wronght  iron 

••     on  brass 

Sled  on  east  iron 

*'    OB  wrongbtiron 

"    on  brass 

TsBBoa  oxhide  on  oast  iron,  greased  and  ver;  wet,  .S6» 

•»  '•      on  brass 

*•  *•      OB  oar,  with  water, 
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.075 
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.100 
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.066 

.072 

.068 
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.086 
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.081 

.058 

.07S 
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.003 
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.06S 
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Tke  lannelilng  IHctlon  of  the  wooden  frigate  Princeton  was  found  by  a 
eommittes  of  the  Franklin  Institute  in  1844,  to  average  about  .067  or  one-fifteenth 
of  the  pressars  during  the  first  .76  of  a  second  and  .022  or  one  forty-fifth  for  the 
next  4  seconds  of  her  motion.  The  slope  of  the  ways  was  1  in  13,  or  4  degrees  24 
minntea.  They  were  heavily  coated  with  tallow.  Pressure  on  them  » 15.84  Sw. 
per  square  inch,  or  2280  lbs.  per  square  foot.  In  the  first  .76  of  a  second  the  vessel 
slid  SL6  indies;  in  the  aazt  4  seoopds  16  feet  6.6  inches ;  total  for  4.76  seconds  16,76 
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Art.  19.  TiM  flrietl«B  •f  labvleatecl  unrtlneea  Turies  ^rreatly  wUh 
the  character  of  the  tmrfs  and  wiih  that  of  the  lubricant  and  the  luanDer  of  ito 
applicstioD.  If  the  lubricant  is  of  puor  quality^  and  scaotity  and  uaeveDly  ap- 
plied under  great  pres,  it  maT  w«ar  away  in  pnoes  and  leave  portions  of  the  dry 
surrs  in  contact.  The  conditions  then  approximate  to  those  of  unlubricated 
surfaces.  But  if  the  best  labricants  for  the  purpose  are  used,  and  supplied  reg- 
ularly and  in  proper  quantity,  so  as  to  keep  the  surfs  always  perfectly  separated, 
the  case  becomes  practically  one  of  liquid  M9  (Art.  16^  ^nd  the  resistco  is  very 
smaU.  Between  these  two  extremes  there  is  a  wide  range  of  TariatioDS  (see 
table.  Art.  19  (d)),  the  coeff  being  affected  by  the  smallest  change  in  the  condi- 
tions. Where  any  degree  of  accuracy  is  reqd,  we  would  refer  the  reader  to  the 
experimental  results  given  in  ProC  Thurston's  very  exhaustive  work,*  devoted 
exclusively  to  this  intricate  subject. 

Art.  19.  im)  ExpU  by  Mr.  Artbnr  fi,  Wellington  upon  the  Arte  of 
labricated  lonraAlsf  gave  a  gradulu  and  confinuous  increase  or  6oe3r  as 
the  \e\  of  revolution  diminished  from  18  ft  per  sec  (  =  a  car  speed  of  12  mfles 
per  hour)  to  a  stop.  This  increase  was  very  slight  at  high  vels,  but  much  more 
rapid  at  low  ones ;  as  in  Figs  3  and  4.  At  vels  from  2  to  18  ft  per  sec  the  coeff 
was  much  less  under  high  pressures  than  under  low  ones;  but  at  starting  there 
was  little  diff  in  this  respect.  The  coeff  Increased  rapidly  as  the  tempera- 
tare  rose  from  100°  to  120°  and  150°  Fahr. 

(%)  Prof.  Thurston,  also  experiinentisg  with  Inbrleated  Jeiiraals,t 
found  that  at  starting,  the  coeff  increased  with  increase  of  pres,  as  it  did  aL>o 
when  In  motion,  if  the  pres  greatlv  exceeded  the  max  (say  5U0  to  600  lbs  per  so 
in)  allowable  in  machinery.  He  also  found  that  at  high  vels  the  coeff  increast^ 
very  slowly  (instead  of  continuing  to  decrease)  as  the  vel  increased. 

(c)  Prof.  Thurston  gives  the  following  tKppr^x.  f(frmiii1«e  for  J  ««imal 

Mcm^d: ' 


fMetion  at  ordfnarv  t«fn|>eratures:i)res8i/reft'«t]d  8|M!^'>rfth  joliv«Brand 
bearing  in  good  condition  and  ittfi  Ittbnir — '   " 


CoeflT  for  0tartlii8r  =  (-015  to  .02)  X  ^pres  in  lbs  per  sq  in. 


CoeflT  when  the  shaft 
is  reTOlvingr 


.  (.02  to  .03)  X 


X^    vel  in  It  per  min 


V^pifes  in  l>s  per  sq  in. 

At  pressures  of  about  200  lbs  per  sq  !n : 

Temperotare  of  iiiliiinaititit     ,^  ^  *»>— n — k — 

trie  ;  in  Fahr  degs  -  IS  X  |/vel  in  ft  per  mm 

€i»atloii.  Tbe  leverafre,  with  which  journal  fric  resists  motion,  in- 
creases with  tlie  diam  of  the  journal. 

(d)  The  following  figures,  selected  frdiii  a  table  of  experimental  results  given 
bv  Prof.  Thurston,  merely  show  tbe  extent  to  wliieli  tlie  eoeflTof 
J'onrnal  ft*ic  is  aflfeeted  by  pres,  vel  and  temperatnre;  and 

hence  the  risk  incurred  in  rigidly  applying  general  rules  to  such  cases.  In 
these  expts  the  character  of  journal  and  bearing,  the  lubricant  and  its  method 
of  application,  remained  the  same  throughout.  Where  these  vary,  still  further, 
and  much  greater,  variations  in  the  coeff  may  occur. 

Steel  Joamat  in  bronse  bearingr*  Inbrieated  witb  standard 
sperm  oil. 


9 

h 

If 


180° 
90° 


Speed  of  resolution 

30  feet  per  minute  1 100  feet  per  miniOe  |500  ft  per  mt'n|1200  ft  per  faifi 


200   I   100   I     4 
lbs  per  sq  in 


Coeff 
.0160 
.0066 


Coeff 
MM 
.0031 


Coeff 

.J25 

.094 


200   I    100   I     4 
lbs  per  sq  In 


Coeff  1  Coeff 
.00^7  .0019 
.0040  I  .i0019 


Coeff 


200'     loo 
Ihs  per  sq  In 


Coeff 

.0053 
.0075 


Coeff 
.0037 
.0061 


2d0   I   100 
Tbs  per  sq  In 


Coeff 
.0065 
.0100 


Coeff 
.0075 
.0150 
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l$B  on  «ile  opMiHtesi^^,  m  in  omiik  imMm, Um>  frk  U  ki» 
«  raouHaDt  pTM  it  iUwiivm  ubMi  om  sUv.  m  Iu  Jlf-wb«rl  •Uafu; 


.  «iis«r 


•f  patent  Joarnal -  fric  of  3*  io  joomal  X  ^iS^rulUri  RR^Iu 


MllttWf  tiMSI 

than  wh«re  tlie  raoulUiDt  pWB  H  tUwnym  ubMi  omi  8U«.  ai   

bMacMe ia  Mm  ffomer  ewetbeoillMftitaMiio«pfM4 iMT alkMUMUielr  upM  bulk 
tides  of  the  JowniRl. 

(f)  rH«tt0ti  rollers.  If  a  Journal  i,  In- 
stead of  i^rolvlng  on  orMnary  beftrtngs,  be  «n^ 
ported  on  fWctton  rollers  R,  R.  the  fbree  reauirad 
to  make  J  revolte  -wiW  be  re^ieed  in  nenffif  Cte 

o  of  &  raUen,  is  l«»  tbMi  lk«  dlMV  of  Uie 
rollers  themselves. 

•  *  MMytMnitHiii.  eaferinm^toiiPitfl  f^  M^t 
.l«nrli«»*ni«iiU  M^ntiple,  inTented  by  Mr.  A, 
Higley.  Diam  or  nailers  RR,  8  ins;  of  their 
axles  ooli  ins ;  of  the  Juumal  o,  8|  ins.  Her^ 
theoretionUy,  •'   •  ' '  '  .  i*«.i.  .- i  ►-•hi 

I  ins 
^Ins 

or  as  1  to  4.6.  tJnder  a  load  of  27«  lbs  per  »q  in,  Mr.  WeUington  foiHid  it  abeni 
as  1  to  4  when  starting  from  (est ;  and  nbout  iw  1  to  a  at  a  oar  speed  of  10  miles 
per  hour. 

Art.  SO.  (a)  Resteteneoor  vftllrMid  rolllBflr  stock.  This  con- 
sists 6f  rolling  Irtc  betirefn  tto.troMls  of  the  irlie^ls  and  fbe  rails  (the  treads 
aldo  sometimes  slide  oo  tiie  cailf,  »»  in  going  around  curves);  of  sliding  fric  be- 
tween the  Journtis  and  their  beariagn,  and  bAween  the  wheel  flanges  and  the 
rail  heads;  of  the  reaisice  of  the  air ;  and  of  oscillations  and  concussions,  which 
consume  motive  powc^  by  th^ir, lateral  ^pd  vert  motions,  and  also  increase  the 
wheel  and  JQurual  fries. 

Its  amoOn^  depends  greatly  upon  the  cpodltion  at  the  road-t>ed  and  rails  (M 
to  ballast,  alignment,  sitf f.  snaces  nt  th«  Joints,  dryness  et<0;,  upon  that  of  tne 
rolling  stock  (as  to  wt  carrlea,  kind  of  spring  used,  kind  and  quantity  of  lubrl- 
sant,  coMlKlao^Mt«xi}fito««8loi8f  e#lii%esl#  InH  atflk's  4ftin  4fp«S  |radl»M«l'  Airr- 
atnre;  upon  tiie  direction  nnd'foreeof  the-wlnd;  aura  upon  aianf  mtaor non- 
sideratlofis.  Bkperlmentsgire  ^er7oo»iictli>|rirM*lis. 
^.4b)J[)uriDg  the  summer  of  1878,  Mr.  WetlltiitftOB  experimented  vtth 
RKBaecraiid  empty  box  and  flat  freight  cars,  pAMst^nger  and  sleeping  cars,  Anokt 
speeds  varying  from  0  to  85  miles  per  hour.  The  cars  were  starts  rollihg 'Tny 
grav)  down  a  nearly  uniform  grade  of  .7  foot  per  100  feel,  or  36.5  feet  ^r  mile, 


and  6400  ft  long.  Their  resistces  were  ci^lculated  as  in -Art.  8  (a).    "The  rails 

n,  60  lbs  per  yd,  and  the  track  was  well  ballasted  and  in  good  line  and 

surf,  hot  not  strictly  4rstolass»*'    The  folloirii«  approx  Asutret  are  deduced 


were  of  iron. 


I  per  yd,  and  the  track  was  well  ballasted  and  in  good  line  and 
ctiy  nrst  class**'    The  folloirii«  approx  Asutret  are   ~  ' 
from  Mr.  Wellington's  ezpts  upon  cars  ftttod  with  ordinary  Journals:^ 


Cor  Keslptanee  In  poonds  por  ton  (9240  lbs)  of  welgrbt  of 

)  straight  and  level  track  in  good  oopn^tief.     ■     ,      '  i 


train,  on  i 


£mpty  cars 

, 

Loaded  cars 

Speed  of 
train  in 

J 

1 

Oacilla- 

Oscilla- 

miles per 

Aale, 

*lon 

Axle, 

tion 

itour 

tire  and 
flange 

and 
•on- 

Msa'tt 

Air 

Total 

lire  and 
flange- 

mid 

eon- 

euss'n 

Air 

Total 

0 

K 

0 

0 

14 

18 

0 

e 

18 

t» 

,.  « 

.6 

A 

7 

4 

.6 

.4 

5 

20 

6 

2.7 

1.3 

10 

4 

2. 

1. 

7 

30 

6 

M 

2.7 

14 

4 

I     4.7 

2.3 

U 

(t)  With  tiie  Higley  patent  anti-fric  roller  journal,  the  resistce  to  <tor^'n^  was 
but  about  4  ll>s  per  ton.    But  see  Art.  19  (f ). 

(d)  About  midway  in  the  track  experimented  upon,  was  a  carw«  of  1^  de- 
flection angle 4578»  ft  rad)  8000  ft  long,  with  ito  outer  rail  elevated  8  to  4  ins 


•  TransaottottS.-AlMrieM  'SMtety  of  OiVit  tngtneei^.  9*b  18T». 


yVjOOgle 


874/ 


FBicnov. 


abot«  tb«  timer  01)^  Tlieftoevf  MMOiil«r««ilwMbeg«woBik«UHifleat,ftboai 
000  ft  before  reacbing  the  cunre.  I«  the  irti  fiOO  ft  of  Hie  ourve  the  nslstce  w9B 
greater  than  that  envountered  just  before  reaohing  tlie  ewnrey  by  from  .6  to  2Jl 
(average  1.1)  Ibe  per  too.  Id  the  lastMOit  of  thecurve  this  exeeat  bad  diminished 
to  from  .2  to  .9  (averaae  .6)  lbs  per  ton.  Owing  to  the  continuance  of  the  down 
crade  on  tbecurve»tiie  Tel  incraaaed  aa  the  train  traTereed  the  curve;  but  it 
iotts  not  dearly  appear  whether  the  decrease  in  curve  reaistoe  was  due  to  the 
Increase  in  vel,  or  to  tha  fact  that  the  oaeiUations  caused  ijr  entering  the  curve 
gradually  ceased  as  the  train  went  on. 

,  J  Mr.  Fk  M.  D«M«i',  eaperimeating  with  hts  *^ &jmmgrm^lk^*  ob- 

lined  i«sulu  froat  which  the  foUowiug  are  deduced ; 


tained 


TMaH  ilMltetftBC«  te 


trttfin,  lii«liMUiB9  gTTCMlcs. 


»r  t«li  (9240  lbs)  ^f  weiirltt  «r 


Hescrlptton  of  train 


Loaded 
cars 


29 
87 
35 


Empty      Weight  tons 
cars  (2240  lbs) 


626 
688 
458 


Trip 


Toledo  to  Cleve- 
land.   95hiile8 

OevelMidtaErie 
96.5  miles 

Erie  toBuffklo. 
88  miles 


Average 

Miles  per 
hour 


20 
20 
20 


Avers  $re 
reaist- 
atnee. 


8.34 
7.«7 
8^ 


**  With  the  lonjr  and  heavy  trains  of  the  L.  S.  A  M.  S.  Ry,  of  600  t/>  690  tone,  it 
read  less  fuel  with  the  same  engine  to  run  traius  at  18  to  20  miles  per  hour  than 
it  did  at  10  to  12  miles  per  hour^,  owing  to  the  fact  that  at  the  nigher  speeds 
steam  was  used  expausfvely  to  a  greater  extent,  and  l^uce  more  economically. 

Art*  %U.  Tk«  work^  te  ft-lbs,  re^  to  oif«reoaie  ftrtc  through 
any  dial^  ia  m  the  fric  in  lbs  X  the  dist  in  f%.  In  order  that  a  body,  started  slid- 
ing or  mlliiig  freely  on  a  bor  plane  aad  tlien  left  to  ilaelA  vmj  do  this  work ;  ie, 
iMsy  slide  or  roll  thrpusli  thegiv^  di^Lits  kinetic  energy  (=  its  wt  in  lbs  x  its 
veF  in  ft  per  sec  -i-  2^ "must  —  Cne  6fst-named  prod.  Conversely,  tKo  dlst 
tn  It  through  which  such  a  body  will  slide  or  roll  on  a  bor  plane,  la 

its  kinetic  energy  in  ft-lhs,  at  start 

"  fric  in  lbs 

wt  of  body  in  lbs  X  Initial  vel*  in  ft  per  sec     Initial  veP  in  ft  per  aec 

"      wt  of  body  in  lbs  X  coeiT of  fTic  X  2^     "    coeff  of  fric  X  2^ " 

•    _      .,        _  ,  .        dist  in  ft,  so  found  dlst  In  ft 

The  time  r««d,  in  sees,  is  » ~ — 


mean  vel,  in  ft  per  sec     |  initial  vel  in  ft  per  sec 

Suppose  two  simflar  locomotives,  A  and  B.  each  drawing  a  train  on  a  level 
Btraiglit  track ;  A  at  10  miles,  and  B  at  20  miles,  per  hour.  The  total  resistce  of 
each  eng  and  train  (which,  for  convenience,  we  auppose  (o  be  independent  of 
vel)  is  1000  lbs.  Hence  the  force,  or  total  8t«am  pres  ia  the  two  cyls  reqd  to 
iNilance  the  trie  and  tlius  maintain  the  vel,  is  the  same  in  each  eng.  In  travel- 
ing ten  milet  this  force  does  the  same  amount  of  work  (1096  1(9  X  10  miles 
■B  10000  pound-miles)  in  each  eng,  and  with  the  same  expenditure  of  steam  in 
each ;  although  B  must  supply  steam  to  its  cyls  twice  at  faai  aa  A.  in  order  to 
fnaifUaim  in  them  the  same  pres.  In  one  hour  the  force  in  A  does  10000  lb-miles 
as  before,  but  that  in  B  does  (1900  lbs  X  20^mi)ea  »)  20090  lb-miles,  %ttd  with 
twice  A's  expenditulie  of  steam. 

But  in  fact  the  resistce  of  a  given  train  is  much  greater  at  blgfaer  veK  See 
table  Art.  20  (5)  And  even  if  we  still  assumed  the  resistce  to  be  the  same  at 
both  vels,  B  must  exert  more  force  than  A  in  order  to  acquire  a  vel  of  20  miles 
per  hour  while  A  is  acquiring  10  miles  per  hour. 


cxeru  upon  the  trftin.  ^^ 

t9KMMdenUeaorgnTit7BMjt2.S:tfsMy6i.A.    Baap  lO. 


y  Google 
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ttaiMriyMW**.  OMtMswpM4idftl«Mk«Uora«h«iapMsiDgeT«rSoasVlM>iishMTMortlwt 
dl«m ;  with  wnMciit-inm  Jovaals,  vorktaf  te  hnm  kmhrngt,  veU  eUad.  «av«  A  •T  Ue  vtighl;  w 


^r  n25  V?r  •*•  We  ©r  »  .led  M  diy jTMMl  la  UH  tM  mm..  «a|>kpf»  rtiU^a  that  *  lilpek  of  ttap* 
of  lOBOfta  vaa drawn  atoof  a  roek aarftMM  bj  TdSlba:  or  (Helo per oH on  a  wooden  mtfoTrfwwifcm 
S;i2!ti?iI?L*^*/  "ILV**^!'**^  •■''*«•  ff*«««l.««4y«  per  Of»t;  and  with  the  Woek  on  top  er 
woedearoIleraSlnadUM.<m^S4peroent.    labMe aaaaonrjM  vet olay  ^ to  .8ft. 


TBAOTIOH. 


The  fellewliif  table  sbows  tolerable  a] 


a«  aaoertafned  by 
leaulu  are  given 


kaMe  ibowa  tolerable  approxiButlena  to.tbe  foree  I9  fta  per  to*,  teqd  to  draw  «  etMt 
«en.  op  aMonu  on  tbe  Boljhead  tnrapUie  read  In  KncUnd.  (a  fine  road,)  b;  bortM  : 
r  mean*  of  a  djMmometer.  The  entire  weight  wae  IX  »on» ;  bnt  io  the  uble.  tW 
per  aingle  ton.    From  the  nature  of  tuch  caaee,  no  great  aoonraev  la  attainable. 


Proportional 

Ascent  In  Ft. 

At  4  If  nee 

At6Mllee 

AtSMIlea 

AtlOKIleo 

Aaeeau 

per  Mile. 

per  Bodr. 

perHonr. 

per  Boor. 

per  Roar. 

Lbe. 

Lbe. 

Lbe. 

Lbe. 

!*?  i5^ 

840.T 

210 

X16 

226 

240 

1  "    » 

964. 

186 

03 

213 

229 

1  •*   Ji 

M8.1 

155 

60 

166 

176 

1  ••   so 

176. 

187 

143 

147 

154 

1  "    40 

1S2. 

114 

20 

124 

ISO 

1  •«    04 

83.6 

100 

15 

130 

126 

1  ••  118 

44.7 

101 

07 

lis 

139 

1  ••  188 

884 

99 

08 

109 

117 

1  »•  156 

88.9 

98 

101 

106 

119 

1  •»  845 

8k6 

93 

96 

101 

107 

1  "600 

8.8 

81 

86 

*1 

96 

Level. 

0. 

It 

89 

86 

91 

•76. 
•  76. 


VlM9»nowtagraa«Ka. aMMttf  theBwttlitbeeaBeinBtnnneat.aren)eotaftBpert«a;  wUhafiwr- 
wheeled  wagon,  at  a  slew  paoe,  00  a  level ;  and  the  roade  in  fhtr  eonditlon. 

On  a  enbleal  bloek  pavement Si  lbe  per  ten.*...«4«»«Jo  SOu 

••      IfoAdam  road,  or  eaall  broken  etone 63"     "    "    probably  to  76. 

"      gravelntad. 140  "     "    " 

'•     Tellbrd  road,  ef  email  « 

"      broken  etone.  on  a  bed  of  e 

'*     eommon  earth  reed*.. JlOtlnSOO.  On  •  plank  road  SO,  to  50  fte. 

Tke  tractive  Mwer  of  n  lionie  illsnliitolie*  aa  lkl«  iipggJ  las* 
ereawies  ;  and  perhnpO,  wittitn  cerUtin  limits.  Bay  from  ^  to  four  roileo  per  hour, 
nearly  in  Inveree  proportion  to  It.  That,  the  average  traction  of  a  none,  en  a  (e»e<,  and  aotnaliy 
pnlllng  for  10  hoars  in  the  day,  may  be  assumed  approximately  as  follows: 

Milee  prr  boor.       Lbe.  Traeftott.                 Milee  per  hear.     '  Lbe.  Vrnetien. 
H'"^ SSS.3S  thi 111.11 

1 350.  2M 109. 

IH S06.  *H 90.91 

IH 166.66  8    88.99 

IH 143.86  iH 7l.a 

2    135.  4    62.59 

If  he  werin  Dor  a  smaller  nwnbei'  ofhonrs.  his  trttetlon  may  inorease  as  the  honrs  diwinish  ;  down 
la  nhont  6  honrs  per  dnj  and  for  speeds  of  about  from  IM  t|0  S  mlle«  per  hour.  Thus,  for  6  boars  per 
day  his  traodon  at  2H  mtlee  per  honr  idH  be  909fts.'*e.    When  aeoending  n-him  bte-pewtr  dtalln, 


B  on  a  pnvlng  of  spa#lB    46  " 


lnhee  so  rapidly,  f^om  having  partially  to  raise  bis  own  weight,  <whieh  averagro  abent  1909  te  1199 
fts.)  that  np  a  slepe  of  6  to  1.  heean  barely  sUnggJe  nieng  wkhsntt  any  lead.  On  snoh  an  aseent.  <ee« 
--■     |»  964,  ef  Feree  in  Blgid  Bodies,)  he  oMMt  eaert  n  foree  cqnnl  lo  439  Bmi  per  ton,  or  of  196 fte  for 


Me.pJ 

B  1069  »sef  his  own  weight.  Ai 
ingaeart  and  lend,  together  weighing  1  ton,  faaveteexert  a  Iraei 


ling  that  en  n  level. picee  of  nsed  turnpike,  he  would  when  haul- 
inon  of  60  fts :  then  on  ascending  a 


MH  of  40  IneUnation,  for  1  In  14.8 ;  or  809X  ft  per  mile.)  ho  wouM  here  to  eaert  166  fts,  against  tbe 
gravity  of  the  I  ten:  and  67  fts.  agalnat  that  of  his  own  weight :  or  328  fts  in  all.  He  may,  for  a  few 
adns,  exert  withont  Ihfufy.  about  twice  bis  ngnlar  traction.  This  calculation  skews  that  up  a  hill 
ef  40.  an  average  horse  is  fully  tasked  In  drawfug  a  total  load  of  one  ten  rend  sboiMt  aovelorft,  be 
allowed.  In  sneb  a  ease,  Io  cheoee  his  own  gait :  and  to  redt  at  short  intervale.  A  Mr  lead  far  a  single 
berse  with  a  eart,  at  a  variable  walking  pace,  working  10  hours  per  day.  on  a  eoaamon  nndulaiteg 
rsad  in  good  order,  te  about  half  a  ton,  in  addition  to  the  eart.  which  iriU  be  about  b<^  a  ton  more, 
inth  two  horeee  10 Ihlt  same  cart,  the  h/M  alone  may  be  about  IH  tons. 

Sinee  the  action  of  gravity  is  the  same  on  gond  mads  and  bad  ones,  It  IbHows  that 


aaconla  be«49oi9e  more  objectionable  tbe  better  tbe  iroad  la. 

P^  or  184.4  ft  per  mile,  gravity  alone  requiree  a  traction  of  78  fte  per  ten ; 

Digitized  by  VjVJ^ V  IC 


Thne,  on  an  aaeent  of  S°,  ( 
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Khlch  b  iibni  10  timef  tbst  on  a  level  r^flrsad  m«  B  MIm  ft*  hMr ;  M*  mlif  rt^atv^iMl «« tluiC«*  « 
level  commoa  turnpike  road,  at  the  saiuetipeed:  Vberefor*, (U>  if>e^  aeaMwtaat  atTawiaiar.)  IV  wnwid 
require  10  looeiu4tiv«a  iaMaad  of  1 ;  ttiit  oiiAj  i  bor»M  ioatead  ol  I,  ▲  grade  of  I  io  39;,«r  160  ft  torn 
mile;  or  1°  38',  i«  about  the  Mteepest  that  p«rmita  horsea  to  be  drivea  dowu  a  hard  smooUi  roa<l,  Io  a 
faat  trot,  without  danger.  It  ehoold,  therefore,  uot  be  exceeded  eaoept  when  ftbeolutelj  ■eooaaiMy, 
espeeiaUr  on  turu  pikes. 

Oa  cmuds  mud  oikei^  WAterS;  tbo  liquM  is  the  resistiDg  mecHom  that 
take*  the  place  of  friction  on  level  roadik  But  unlike  fk>iotieu.  Its  reslatanoe  vftriei  ft*  th«  Sifomrea  ol' 
the  Vela :  (aee  Art  'M  dfpage  IB^)  at  leaat  from  the  vW  Of  t  f  t  per  eee,  or  1.IW4  toilee  per  hoar :  « 
that  of  11  >^  ft  per  sec,  or  7.84  m  per  h.  As  tb«  sp«^  ^^^  beK>«r  1)^  m  per  b,  the  fesMtaooe  varies  Icm 
and  less  rapidly ;  and  this  is  the  case  whether  the  moved  bodj  floats  partlv  above  the  surface  ;  or  la 
entirely  immersed.  In  towing  along  stagnant  canals,  Ac.  the  vel  is  nauaUy  from  1  to  2H  m  per  h; 
for  freight  most  frequently  from  1^  to  2.  Leas  force  is  required  to  tow  a  boat  at  say  3  m  per  h,  where 
there  is  no  current,  than  at  say  1^  m  per  h,  against  a  current  of  ^  m  per  h,  because  in  the  Uwt  «aae 
the  boat  has  to  be  lifted  i<p  the  very  jraduaJ  inclined  fdane  or  slope  which  produces  the  onrreat. 

The  force  required  to  tow  a  boat  ftWigt^  Vulil  itoe*da<»«niy  upon  the  comparative  traaererae 
sectional  areas  of  the  channel,  and  oi  Ak  mmerhd^iODatm  tM  boat.  Wheu  the  width  of  »  oeaial 
at  water-line  is  at  least  4  times  that  of  the  boat;  and  tbeareaof  its  trans  va«e  section  as  great  aa  attleast 
§H  times  that  of  the  {maiersed  transverse  section  of  the  boat,  the  towing  at  asnal  canal  Tela  will  be 
ateet  aalBfcy «i« mk^r itohieytytOw., W^i»in  <Jliy»<M»*fMIII'»"IWI  I^MHK AP^»»- 
lw^«»B.V>  llttBk.alM4apaMU  m  mm  ahu*  «C  ib*  bow  and  other  parip  of  Ihe  boaC  ]  •nAtm  «|m  proper- 
tiou  of  if  length  tolts  breadth  and  depth.  Hence  it  is  seen  that  the  mere  weight  of  the  loaia  ia  bj  nm 
mt%V  ^  ttwtrollinf  9XX  elemeut  as  it  i«  on  land.  The  whole  suljject,  however,  is  too  Intricate  to  be 
tfSjed  of  Sere.  M^rio  sthtes  &)tt  naval  Mnstfaeton  Mitlntate  the'  heBistitiiee  to  sMltegrwMt  sMtaa 
teisels  M  sea,  »(  ba(  from  abot^  .5  to  .7  of  a  A  for  erery  sq  ft  of  Immersed  tvansterae  weeVktm,  whea 
the  vol  is  3  (t  per  see,  or  2.046  mites  per  hour.    It  is  far  greater  oh  ofthali. 

Oi»  the  Sgliuylktll  Navifir^tion  of  Penosylvauia,  of  mixed  canal 

and  sla^w^Mr.  for  106  milM.  the  r^uiar  lyad  for  3  horsea  or  mules,  is  a  boat  of  very  full  build ; ,  and  ao 
keel :  100  ft  Ipng,  17^  ft  beam;  and  8  ft  depth  of  hold  i  drawing  &M  ft  when  loaded.*  Weight  of  boet 
about.  fi6  tons:  load  175  tons  of  coal,  (2240  lbs ;)  total  weight  240  tons,  or  80  tons  per  horse  or  male. 
On  the  down  trip  with  the  loaded  boats,  for  i  davs,  the  animals  are  at  work,  actwwt  towing,  Xexoept 
at  the  lock*,)  for  18  hours  out  of  the  24;  thOA  exceeding  by  far  the  limits  of  time  nsn«Uy  aUowed  for 
continoous  aObrt. 

On  the  canal  sections.  ( wlUch  have  60  ft  vater.lihe ;  and  6  fl  depth.)  the  speed  it  19^  aiilea  per  hoar  ; 
and  on  the  deep  wid^  pools,  2  miles. 

On  the  «p  trip  with  the  empty  45-ton  boats,  the  average  speed  ia  about  ^H  mtlei  per  hour.  The 
empty  boabi  draw  16  to  18  ins  water ;  and  frequently  keep  on  without  sto(>ping  to  reit  da.]r  or  nl#ht 
through  tbe  entire  distance  of  106  taailes.  Ilhe  animals  geherallv  have  2  or  3  days'  reA  at  each  end  of 
the  trip ;  but  are  materially  detericfriiied  at  the  end  of  the  boating  seasgoa.. 

If  our  pneoeding  assumption  of  143  lbs  traction  of  a  horse  at  IH  )ptiies  per  hour,  ta  borreot,  the 

traction  of  (he  loaded  boa^  on  the  canal  aectiont  b    -.         =1.83  Ibaper  t<m. 


»neerm\iM.  atMierateor  imtle:  hy  tweeoMaia,  atiMnUe«:  and  by  thraa  ftt  IX 

per  hour.    When  four  animali  aroused' the  sain  of  time  ia  VMv  trifling.    Ata  time  of  rivalry  a 

the  boatmen,  one  of  ibem  weed  8  horses ;  but  with  these  could  not  eaoeed  2K  miles  per  hour  ia  the 
canal  portions,  iw^at  more  horses  together  cannot  fee  hoara  pall  as  mneb  aa  when  wosfcins  •^>a> 
rately. 

If  our  preeedtng  ^ort  table  Of  the  iraetlofi  ef  a  barse  at  dUT  vela  fbr  10  heart  It  eorreol,  thea  the 

tr vtion  of  the  above  loaded  coal  boats •(240  tons)  oat  the  -eanal  aeotioas  of  the  navigation,  is  aa  follows  : 

llie  hM  eolaimiihvwttlM  iHunlealH  leper  tq  ft  of  ana  of  inunertedtrantveRseteetioa  where  lai^eBt; 

vi^sfhimife^fV.    ;      .     .       :    ,      ,,,      I,     ,,  „,^j    .l>4t   'WftiM.        .  ,,       ..^ 

floraet.  Miles  per  Hour,  U)t.perTo^t  Ibc^S^'frt; 

1.. 1. M*- 1.04 £« 

2.  „.,..„.^..4,>.lH.,,,„^.....,...,.i|J.... .l.Sd... 8.S0 

« .' ;..!«..... iff. 

•onpeolt 2   , fJJ.. 

8 ..........2X.. , m- 

««ptrip ....2M.. »v.,i^- ..w *..4«4,..,i.».,..*.,i  IM*       >. 

lAeliliM  Canal,  baoAda,  120  ft  wi4e  nt  water-line;  80  ft  at  bottom:  depOl 

(to  faiitr«ailla«fft;  4  horses  tew  loaded  tohoopwrsarithjease.. 

Befbretbe^targement  6f  the  Brie  Mi W ■  I ,t Ita diroeasiaps  were  46  ft  wa(er.linc ;  28  ft  bettoMt 
i  ft  depth  of  #ater.  The  avera^ tralgbt  oTthe  boaa  aaa  about 80  tons.  With  76  toes  of  loaMl,  or  105 
tons  total,  ttaey  were  towed  by  2  hoNBa.  at  the  ra«e«(at«Mt  2  milea  par  tour ;  which  I9  our  tebia  ei  vaa 
H  traottoo  of  (yearly  2.4  Ax  per  toe.  The  boaM  werwabout  80  ft  long :  H  ft  beam :  full  »i  ftdraMKht 
lOided ;  hence  the  tractien  by  onr  uble  would  be  aboet  5.7  Im  per  tq  ft  of  Inunevsed  traatveiae  aoatina. 

•  «eai  mt  bodtts,  1884,  (3ohuyIkil]  Cftnal)  about  $1800.    Annual  repafm  abotit 

•86.  BoaU  latt  16  to  20  j«ar«.  Length.  102  ft;  beaqt,  11^  ft;  draft,  l>ii  t0  53i  ft;  capacity,  180 
toasfwaigbi.  about  58  toot  i»p«ad,witb  6  Mules,  IHw^leiMf  hour.  r—v. 

t.'*"«^!li!iL"'"^*  ae«fciI96803»r.«ile,  The  anlarged  canal  haa  70  ft;  #3  a ;  And  T ft  Of  water: 
and  cost  tDOSOO  per  mile  for  ib4-eniai«ement  oojiy.  tbf  Mf»of  the  teveral  eaoalt  th  PeniUTlvanla 
has  nH»gt«  botweea  ^vmo  and  aeOOOOper  mUe.     /""T**^     '  **  ^'***  in  renoajivaan 


l.8d.., 

.........1.78.... 

1.56 

8.81 

-t  I 
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WliU«.  Cor  82-toii  UmOtA  twatton  «  nnallere«iml^  (the  ImmU  nearly  touebtof  bottom,)  tlw  iriMttoa  at 
1H  Btilea.  would  be  SH  ftit  per  ton ;  or  aboat  tvkM  at  great  a*  the  abore  1.78  At.  It  alaa  wooM  M  6.7 
1>8  per  eq  ft  of  ImmerMd  teetloa. 

For  tnu*tioiB  on  imllroada,  see  Art  90,  pp  374  €  and  374/ 


ANIMAL  POWER. 

Art.  1.     So  fkr  «8  r^iurds  horset,  thto  subject  hu  \»en  pMtWly  eoiwldeird 

_j„  ., jt —  w..-^  m .__      . «  — . .w < jjj  ^  a^rtala  extent  be  vague, 

i  wen  at  to  the  extent  of  their 
differ  wlddj ;  aod  eometime* 
taiDg.  We  bellere,  bowever, 
il  averaget  at  the  natare  of 
a  good  average  trained  berte. 
tf.  wbaa  aetiiRlij  waltd^g  for 
wih  aa  tbe  towftath  of  apioaU 

I,  dmui^t,  power* 

aaMiMM 


Or,»0Wft-lbcyerviB,«rSMKft-Ibioeraee.t1 

day  toi  <^  M  200000  Ibt  1  foot  high ;  or  1 92t<IOO  B>a  lOfeat  bigk  i  or  19S  000  »•  100  ft  high,  Ae.  Ha  mlj 
exert  this  ftwceelther  in  tttetwn  (faanHog)  or  in  Uftin§  loada.  if  be  has  to  raiae  a  sMall  load  to  a 
great  helsht,  the  machiaer/  through  which  he  doet  U  must  be  ao  geared  at  to  gain  tpeed.  at  tbe  Iota 
(cnmoMHiry  hut  improperly  so  expretsed)  of  power.  Witether  be  Ilflt  tbe  great  weight  through  a 
tman  height,  or  the  aman  weight  through  a  great  liclght,  he  exertt  preciaelj  the  aame  aaiount  of 
force  or  power. 
Kxperienee  ehowa  that  wlthfai  the  IfinHt  of  9  and  M  twon  per  4i^,  (the  speed  renahilag  (he  aaaw.) 

tli«  draft  of  m  horse  mny  be  tnerensed  lo  aboni  tlie  same  pro* 

portton  A«  tile  time  1«  OiaiilllSliefl ;  to  that  when  working  tnm  A  to  10  hourt 
per  dar,  U  wiU  be  about  at  shown  la  the  foUewlag  UMe.  Henee,  tbe  totol  amoMt^T  »  nOOBO  ft-»# 
per  «aj  may  be  acoampUthed,  whether  the  ttoem  it  at  work  5. 0,  or  «.  4e,  hears  per  dfey.t  This,  of 
ooarsa,  snpposes  hte  to  be  aacaalty  lifting  or  haaliog  «K  |*«  Am  ;  and  takes  ao  aUowanee  far  stop- 
pages  tw  •dy  finrpss*. ' 

iPiiM«  of-Arafff  4fr  m  iHMne,  mt  ft}^  wrtles  per  lN»«r,  «a  n  level. 

Honrt  per  day.               Lbs.                                Boart  per  day.  Lbt. 

10 100  7 1*2$ 

» wij  e loi^ 

8 12$  5  100 

Experlenee  also  KlMftws  tlubt  mt  speed*  between  %  and  4 
miles  an  lionr,  liis  feree  or  drauffht  wiH  be  lnT<ers«43r  In  pro' 
portion  t4»  His  speed.    TIiqb,  at  2  miles  an  hour,  for  10  ixHira  of  the  day,  fai« 

draught  will  be 

aflat    nOn         St  tbt 

3   :    S}^    ::    100   :    U5  draught. 
AtlH  miles,  U  would  he  leejlj  At;  at  S  miles,  aS)i  lbs;  and  at  4  mflet.  tSK  Ita;  m  per  table  iv 
Traction. 
Therefore,  in  tbla  case  al90.  the  entire  amount  of  bis  day's  work  remains  tlie  same ;  §  and  within 

'- f — • — — — • — — *— 

•  To  enable  a  horee  to  work  srUh  ease  In  a  eirenlar  liorse-walic,  its  diam 

should  not  be  lets  than  35  ft;  «0  or  8»  would  be  stiH  better. 

t  A  nominal  liorse*power  is  83000  ft-R>s  per  minute;  this  being  the  rate 
assamed  by  Bouiton  and  Watt  in  aelltng  their  enginet;  so  that  purchasers  wishing  to  tubttitutt 
steam  for  horses,  tfaonid  not  be  disappointed.  Their  astomptloa  can  be  carried  out  by  a  very  stroog 
horse  day-  after  day  for  fl  or  tO  hours ;  but  at  the  engine  vnn  work  day  and  nl<{bt  for  months  without 
•topping,  whkHi  a  horse  cannot,  ft  It  pMn  that  a  one-horse  engine  can  ^o  much  more  work  than  any 
one'  such  horse.'  Betiee  many  oitjeet  to  the  term  iMrse-power  at  applied  to  engines :  but  since  every- 
body understands  itt  plain  meaning,  and  tnch  a  term  is  convenient.  It  is  not  In  fact  otjectionable. 
Bouiton  and  Watt  meant  that  a  one-horse  engine  would  at  any  monaent  perform  the  work  of  a  very 
strong  horse.   Aa  «eeni^e  horse  will  do  bat  npOO  ft-fte  per  mfn. 

t  It  Is  plain  that  althongh  the  Av**  labor  will  be  the  same,  that  of  aa  hoar,  or  of  a  mln,  will  vary 
with  tbe  dumber  of  hoars  taken  as  a  day's  work.  It  t»mp  ^  xpnyamltweA  th«t  »  nwi^fft^'ni  f*  » 
given  number  of  hours,  by  no  means  implies,  in  every  case,  thtit  number  or  hours  of  Actual  t/iork; 
but  includes  intermttsinns  and  rests. 

^Tliis  remarfc  abont^ipcsd  wlH  not  itpfMy  tO' loads  towed 
tiir<»n|[^  tke  water.    lamstlf  his  drangbt  e*  '2  mileikin  hour  be  126  fits ;  and 

St 4  miles,  03^  ft« :  he  will  on  lim4  draw  loads  In  these  proportions ;  but  in  hsnllng  a  boat  throuffh 
(ke  waUr  at  the  frreater  speed,  be  has  to  enoountsr  tbe  increased  resistance  of  the  uxUer  itself;  which 
lesistaaea  at  4  asjles  i«  nvneh  more  than  twice  as  great  ns  at  2  mileax  probably  4  timea  as  great. 
Tben>ft»re,  at  '^mUa«  on  a  eanal.  bis  dranght  of  02H  fta  woald  not  sulBoe  for  •  to<id  half  as  grsM  ae 
he oouM  tow  wUhhbi dcaft of  Itf  Sm ^  S mUas. 
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ftU  tiM  foregolnf  Umita  •#  hovn  ud  speed,  may  be  pmotieaUj  Ukea  to  be  abovt  13)00000  ft-ftey« 
day ;  or  tiOOO  ft-lb*  per  mln  of  a  day  of  10  boun.  Bat  it  does  not  follow  that  tbe  horM  oan  alwavi 
Id  praotioe  aotoally  U/t  loads  at  tbat  rate ;  becaote  generally  a  part  of  hi*  power  ia  expended  is 


J  praotioe  aotoally  lift  l«ad»  at  tbat  rate;  becaote  generally  a  part  < 

OTerooiniDg  tbo  friction  of  tbe  maehiuery  wbleb  he  p«ta  in  aettoo ;  and  moraever,  the  natare  of  tbe 
work  maj  reqoire  him  to  stop  f^aeotly ;  so  tbat  In  a  mtrUng  day  of  b  or  10  boors,  tbe  borse  may 
not  aotoally  be  a<  work  more  than  5,  6,  or  7  taovrs. 

As  a  roogb  approximation,  to  allow  for  the  waste  of  foroe  In  orerooming  the  fHodoii  of  bolsUnc 
maohioerr.  and  the  weight  of  tbe  hoisting  chains,  bookets,  4e,  we  may  say  that  the  Ufftefttl 

•r  payinip  daily  net  work  of  n  home.  In  lioistlngr  by  »  eon- 

mon  ipln,  is  about  10000000  rt-fts.  That  is.  he  wOl  raise  eqoiTalent  to  10000000  fee  net  of 
water,  or  ore,  kc,  \  fsoi.  Tba  load  which  he  can  raise  at  onoe,  Indoding  obaina,  boctet.  and  aa 
allowance  Ibr  friction,  will  be  as  macb  greater  than  his  own  direct  force,  as  tbe  diam  of  tbe  hor» 
walk  is  greater  than  that  of  tbe  winding  dram;  and  it  will  more  tbat  mncb  slower  than  he  dee*. 
Bis  own  direct  fbroe  will  vary  according  to  tbe  number  of  hours  per  day  that  be  may  be  required  to 
work,  as  in  tbe  foregoing  table.  WUb  these  daU.  the  sise  of  the  buckets  can  be  decided  on ;  and  of 
these  there  shoold  be  at  least  two»  so  tbat  tbe  empty  one  at  the  bottom  may  be  ttlled  while  the  fulloti 
at  top  is  bring  emptied ;  so  as  to  save  time.    The  same  when  tbe  work  is  done  by  men. 

Art.  8.  A  prM«tl9«d  liblKM'er  liAalliifr  »l0Mir  m  level  r<«d»  by 
A  ro|»e  over  his  slioalders;  or  in  a  circular  path,  pnshing  before  him  a 
hnr  lerer.  at  a  speed  of  from  1^  to  S  milee  per  hour,  exerta  about  %  part  as  moch  Ibroe  as  a  bone; 
or  i  JOO  000  n-lbs  per  day ;  or  3066^  ftlbs  per  min  of  a  day  of  10  bastfs  of  actoal  hadHaf  «r  pwhiaf. 

Bot  laborers  fkvqaeotly  have  to  work  onder  etreomstaaees  less  adTantageoas  Ibr  Um  exerttoa  el 
their  force  than  when  hauling  or  f^asUaff  la  tbe  osanaar  jost  aUoded  to  ;  aad  in  ai;ob  onses  tbey  eaaast 
do  as  mooh  per  day.  Thus  in  taming  a  winch  or  crank  like  tliat  of  a  grindstone,  or  of  a  crane,  the 
ooodnoal  bendlug  of  tbe  body,  and  moUaa  of  Che  arms,  b  mora  fluigaing.  The  Sise  Of  II 
Wineh  lihoald  not  exeeed  18  ine,  or  the  rad  or  a  elrole  «f  S  n  dlaa ;  and  against 
it  a  laborer  can  exert  a  force  of  about  IC  Bs,  at  a  Tel  ^  S^  ft  per  see,  or  150  ft  per  mla.  aiaklag  reiy 
nearly  16  toms  per  mia ;  for  8  hours  per  day.  To  thesa  8  boars  an  addltioa  most  be  wade  of  about 
H  part,  for  short  reste.  Or  If  a  tsorMi^  day  Is  taken  at  8.  or  10,  Ao,  boore,  4  part  most  feaerally  be 
takea  from  it  for  snob  resta.  On  tbe  foregoing  daU  an  boar's  lasrk  of  W  adn  of  aefMal  hoUttng 
wocldbe 

»s        ft        mtai 
16  X  150  X  flO  =  144000  ft-lbo; 
or.  dedoettag  ^  part  for  rests.  115J0O  ftlbs  par  boar  of  Oms,  imelm4b»ii  rem.    U  praeUee,  howenr, 
a  farther  deduction  must  be  mwle  for  tbe  trio  of  tbe  maebine,  and  for  tbe  wtef  tbeboistiagebalas; 
and  In  ease  of  raising  water,  stone,  ore.  *o.  from  pito.  for  the  wt  ef  tbe  baeketo  else.    As  a  rsofh 
average  we  may  assume  that  these  wUl  leave  but  100000  fVlbe  ef  pajlag.  er  uaaAU  work  per  boor; 

that  is.  that  A  ukAn  At  A  wlneh  will  AetnAlly  lift  eonlvnlent  to 
1O9OO0  ibo  of  WAter,  ore,  Ae,  1  foot  hi«h  pev  how's  Unto,  ta- 

elndiUfp  rests.  TbU  is  equal  to  19»H  ft  lbs  per  mln  of  a  day  of  10  hours.  Inelnding  retts. 
Therefore,  in  a  day  of  10  working  boors  he  woold  raise  1 000000  lbs  net,  1  toot  high ;  or  Jnst  JL 

mrt  of  whAt  a  horse  would  do  with  a  ipin  in  the  same  time.  We  have 
before  seen  that  in  hauling  along  a  level  road,  he  can  at  a  slow  pace  perform  about  ^  of  tbe  daily 
duty  of  a  bone.  He  may  also  work  the  winch  with  greator  foroe,  say  up  to  90  or  even  40  Ss;  bat 
ha  «UI  de  it  at  a  pr<m(>rtioaate|y  slevsar  rato;  tbna,  aoaompltohing  ealy  tbe  aaaM  dally  dAj. 

With  A  iTln*  Ilhe  those  fi»r  horses,batHfbtor,irttbsor«f»bQobeto^apt». 

Used  laborer  will  in  a  working  day  of  10  hours,  raise  fhMa  1 900600  tQ  1400000  ft-IN  net  of  vater,  era. 

*o.    With  a  shallow  well  or  pit.  more  time  is  lost  In  emptying  buckets  thtn  In  a  deep  one ;  bat  tbe 

deep  one  will  require  a.greater  wt  of  rope.    To  save  time  in  all  such  operations  on  a  large  scale,  there 

should  be  at  least  two  buckets ;  the  empty  one  to  be  flUed  while  the  full  one  is  being  emptied.    It  U 

alio  h»)t  to  employ  2  or  mors  men  to  hoist  at  the  same  time,  by  wioches.  at  both  ends  of  the  axis; 

and  the  men  w«l  work  with  more  ease  If  the  winches  are  at  right  angles  to  eaeb  other.    fCaob  wlaeb 

handle  mav  be  long  enough  for  *i  or  S  men.    An  extra  man  should  be  employed  to  empty  the  boekets. 

He  may  take  turns  with  tbe  holsters.    Tbe  same  temarks  apply  in  some  ot  tbe  foltowlag  easwi. 

On  A  troAdw^heei  a  practised  laborer  will  do  abont  40  per  cent  more  dally 

duty  tbaaata«laah;eriaatrariciiwdar''-"''" ' " ^  --_-..--- OOOOOft- 

Ibs.    And  he  can  do  this  whether  he  woi  poa  foot> 

boards,  or  tread-boards,  oa  a  level  with  it 

he  acts  by  bis  wt.  usually  about  130  to  140 
... jjj_  ^j^  ^  . 


at  the  level  of  tbe  axis,  bis  wt  aou  more  m  wheel; 

but  in  the  Arjt  case  be  has  to  perform  a  i  Im  op  s 

ooDtlouous  Bight  of  steps;  while  In  tbe  s«  ghtly  Is* 

olined  plane;  which  be  can  de  muoh  roor  nm:  end 

this  rapidity  compensates  for  the  leas  dire  [perisnss 

hat  Ahown,  he  aooomplishes  aboat  tbe  san  m  5  to  S 

ft  la  diam.  according  to  the  nature  of  the  at  owe, 

and  may  at  times  be  advantageously  used  u  *e. 

By  A  Kood  eonkmon  pnnkp,  properW  proportioned,  a.  practised  laborer 

wni  in  a  day  of  10  working  bonm.  raise  about  1000000  fl-lbs  of  water,  net.t 

BAillnir  with  A  llffht  bnehet  or  seooi»,  ha  can  aMunpltah  aboat 
noooo  ft-lba  net  of  water.  By  A  bnohot  And  SWABO.  (a  bMg  lercr  redklaff  seHtatWy : 
and  weighted  at  one  end  so  as  to  balanoe  the  faU  buoket  bung  from  the  other;  efica  aaoa  at  eooatrj 


•  The  working  day  must  be  understood  to  Include  neemwary  resto.  and  saeb  latormlseiewi  as  the 
aatnre  of  the  work  deasanda ;  bot  does  not  Inolode  time  leet  at  meals.  A  tserMny  ifay  of  14>  bears 
may .  therefore,  have  hot  8.  7,  or  6,  Ac  boors  of  netual  tahor.    This  will  ba  eadorstoed  whoa  we  bere- 

♦  iA**^''  *'  *  working  dav.  or  simply  a  day. 

T  Desagolier's  estlmatoe  of  daUy  work  of  men  and  horses  exaeed  tbe  above,  bat  are  eaUreiy  tee  great 
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Mill.)  WOOOO  to  800«Wi  Ib  the  tut  be  hM  0BI7  to  pall  down  tbe  enpty  iNMkct.  and  thereby  raise  the 

aaanterweight   BjT  2  bticketo  »t  tbe  ends  ef  m  rope  ftospended  over 

m  pulley*  SOOOeo  to  eoOCOO.    Uere  he  work!  the  buckeu  bj  pulUng  the  tope  by  band. 

Bjr  m  tjrmpaii,  or  tympanam,*  worked  by  a  treadwheel,  about  1 200000 

By  m  Persiao  wlieel.t  m  chAin-puiiip,  a  ebatn  of  baclcets4  or 

an  Arebimedes  iierew,  all  worked  by  a  treudwheel,  from  800000  to  1 000 000 
ft-fts.  or  ibeae  foar,  tbe  lint  three  loM  aeerul  «ffect  by  either  Bpilling.  leaking,  or  the  neoea»ity  for 
ruining  the  water  to  a  level  somewhat  higher  than  that  at  which  it  is  discharged. 

WUen  any  of  the  five  foregoing  machines  are  worked  by  men  at  winches,  the  resnlt  wUl  be  abent 
3<  less  than  by  treadwheels.  They  aie  all  frequently  worked  also  by  either  stoaw,  water,  or  horse-power. 

Bjr  walbtiigr  backward  aod  forward,  on  a  lever  wbicb  roefcs 
on  Its  eenter,  a  man  may,  according  to  Robigon's  Mech  Philosopby,  perform  a 
Buch  greater  duty  than  by  any  of  the  preceding  modes.  He  stotes  tbat  a  yeang  man  weighing  136 
fts,  and  leaded  with  90  fts  In  addition,  worked  la  this  manner  for  10  hours  a  day  withoat  Ihtigue; 
sad  raised  9^  eabio  fioet  of  water,  11^  ft  high  per  min.  This  is  equal  to  SiW4000  ft  lbs  per  day  ef  M 
hears;  er  MM  ft- lbs  per  ain ;  or  nearly  -^  ef  tbe  net  daily  work  ef  a  horse  In  a  gin. 


y  height  0 
i  own  efbaprratlaB.  tbat  4prMtlsed  men  rali«A  a  dolljr  (a  wooden  beetle 
or  rammer,  of  wood;  with  4  bor  prelecting  round  bars  for  handBs)  weighing  120  lbs,  4  ft  high,  at  thb 
rale  of  M  times  p«r  mln,  far  4ii  min ;  and  then  rested  for  4H  mln :  and  so  on  alternately  thfougli 
the  10  hours  of  their  working  day.  Therefore,  6  of  these  hours  were  ^t  in  rests ;  and  the  da^  pen 
fprmed  by  each  man  daring  the  other  6  hours,  or  800  mins,  was 

I»XO<^MX800^^^^^^ 

In  tbe  oM  mode  of  driYiny  piles,  wk«v«  ik*  mm of  400  «•  1200  ft* 

■espended  fV<»s  a  pulley,  was  raised  by  10  to  40  men  pulling  at  separate  cords,  from  36  to  40  lbs  of  tb« 
lam  were  allotted  to  eaoh  man.  to  be  Ufled  from  IX  to  18  times  per  min.  to  a  height  of  SH  to  iH  feet 
cadi  tisse.  for  about  3  min  at  a  sprtl,  and  then  S  min  rest.  It  was  very  laborious ;  and  the  gangs  had 
te  be  ohanged  •b9ut  hnurlf ,  after  performing  but  3i  an  hour's  actual  labor. 

Hanllnir  bjr  b< 

hoars,  the  average  rate  i 
the  empty  vehicle,  Is  aboi 
to  take  it  at  but  nbout  1 
and  anloadlng,  may  usual 
be  hauled  to  any  given  dJ 
iog  empty.  Thus :  div  ti 
tbe  length  in  ft,  of  the  roi 
tion  during  eaeh  round  tri 
sum  is  the  total  time  in  i 
(800  mia  io  a  day  of  10  wo 
annber  of  trips,  or  of  loa^ 
Kx.  How  many  loads  w 

1920 
Here.  900  X  2= ISM  ft  of  round  trip  at  each  load.    And  -  —  =  12  min,  occupied  in  walking.    And 

160         goo         mto  in  lO  hours 
12+15  in  loading,  *o)=27  min  reqd  for  eaeh  load.    JJnally,  ~  =      J^ "      ~-  =22.2,  or 

say  22  tripe;  or  loads  hauled  per  day< 

Table  of  nnmber  of  loads  hanled  per  day  of  10  worblnir 
bonrs.  The  fint  cot  is  the  diitance  to  which  the  load  is  actually  hauled ;  or  half 
the  length  of  the  round  trip.  The  cost  of  hauling  per  load.  Is  supposed  to  be  ft>r  one-horse  carts;  the 
driver  doing  the  Innding  and  unloading ;  rating  the  expense  of  horse,  cart,  and  driver  at  $2  per  day. 
See  Cost  of  Earthwork,  page  742. 

*  The  tymp«n  revolves  on  a  hor  shift :  and  la  a  kind  ef  lacge  wheel,  she  spokes,  anas,  er  radii  ef 
whidi  are  gwttera,  trengha,  or  pipes,  which  at  their  enter  ends  terminate  In  scoops,  which  dip  Into 
the  water.  As  the  woMor  is  gradually  raised.  It  flows  along  the  arms  of  the  wheel  to  ito  axis,  where 
it  is  diashd.  The  sooop  wheel  is  a  modlfloallon  of  It.  It  is  an  admirable  machine  for  raising  large 
qoaatltles  of  wnter  to  moderate  helghte.  We  cannot  go  Into  any  detoil  respecting  this  and  other 
hydranHo  machines. 

t  A  kind  ef  large  wheel  with  baekete  or  pote  at  the  ends  of  its  radiating  arms ;  revolves  en  a  hor 
nis;  dlsehsas*«  "t  top.  The  buoketn  are  attached  loosely,  so  as  to  hang  vert,  and  thus  avoid  spill, 
hig  until  thev  arrive  at  the  proper  point,  where  they  oome  Into  oontaot  with  a  contrivance  for  tilting 
sad  emptying  them.  The  ntuia  Is  similar,  except  that  the  baekete  are  firmly  held  In  place,  and  thus 
■VHI  mneh  nmtor.    H  is  therefore  intprtor  to  the  Persian  wheel. 

I  An  eadleaa  levtavlng  vert  diain  of  bneketa.  D'Aubaluoa  and  lOme  othen  erroneonsly  oaU  this 
tbtMria.   ttlaandhotfveiBaoUiie. 


y  Google 


960 


SPBCIFIC    GBAVmr. 


DUt. 

Ho.  of 

CoaipflT 

DUt. 

No.  of 

dottpor 

DUC 

No.  Of 

"nr 

Fee^ 

LoMls. 

Lokd. 

Feet. 

LoadM. 

Load.         Uil«9. 

Loads. 

CM. 

Cts.' 

Cu. 

SO 

SB 

S.tt 

IfOO- 

1! 

11  ai 

1   ■ 

9B.57- 

100 

87 

6.« 

aooo 

13.33 

l^ 

J. 

33  » 

yjo 

Si 

5.88 

2500 

3 

15.3» 

io.So 

300 

83 

e.35 

3000 

I 

18.18 

50.00 

400 

M 

«.67 

3500 

0 

20.00 

66.67 

•00 

27 

7.41 

iOOO 

9 

22.22 

100.00 

1900 

33 

».0J^ 

5000 

T 

28.57 

300.00 

If  Um  l«adiii«  mod  ODloadiog  U  auch  at  cannot  be  done  bj  U>«  ddver  alone;  bat  require*  the  hdp 
of  oranea.  or  otbar  naobinery,  an  addition  of  from  1 0  to  50  ou  per  load  maj  become  necwssarj.  Haal- 
lac  MQ  flineraUj  be  More  obeaplj  dene  b^j  using  2  or  3  borac^.  and  one  driver^  to  a  vehicle.  The  0 


load  per  bor«e.  io  addition  to  the  vebiole,  will  usaallr  be  f>-Qm  }{  to  1  ton,  depending  on  the  oonditioa, 
and  grades  of  the  nad.    From  13  to  IB  eub  ft  of  solid  efene ;  or  Pnm  33  to  i?  ckb^  fbet  of  brakes  stone, 

m>telie«.    In#mUimMlivf«r  liAyU|3pfm|||.fllHH^|>XS<^MV^ 

4»lkHMi«  eslverto,  ^fce,  bear  la  mind  that  «ach  eub  fwl  ot  mmuMn  seabbM  rtiHI» 
maeenrf.  reqniree  the  hnaliag  «f  aboafc  1.2  eub  yds  dC  (be  stene  as  usuaUr  pUad  ap  for  ante  In  AM 
quarrj ;  or  abont  %;a  a  e«ib  yd  ef  the  original  rock  in  plaoe.    A  CUb  jrcL  OI  ••IM  Si^Mie, 

When  brokMl  lilt#  pieeen^  iwiuUljr  •ceN|»ic«  aboiU  1.9  cnb  j4m 

perteetXy  loose ;  or  about  \H  when  piled  up.  A  strong  eart  for  stene  hanting,  win  weigh 
about  ^  ton :  or  1500  lbs ;  and  irill  hold  stone  enough  for  a  perch  of  rabble  ninsonr7 ;  or  any  1.3  pns 
of  the  rough  stone  in  piles.    Tbe  arerage  weight  of  a  good  working  horse  is  about  ^  a  ton. 

morlo  irivesihe  folio winfc  resultA  from  careful  experiments  made  by 
him  for  the  French  Gorernmentk  Tbe  dnftjof  the  same  wheeled  vehicle  on  a  road,  may  in  praotice 
be  considered  to  be, 

Ist.    Hit  1i*r«  tivrti|»lk««(  «lMgl4Hi¥#i*^ito4*lni9i1«9rtiMirtQ.tfM 

leads ;  InvA-sely  as  the  diams  of  tbe  wheels  t  and  nearlt  indepenitot  of  the  width  of  tine.  It  iaoreaaes 
to  uncertain  extents  with  the  Inequalities  of  tbe  read;  the  sttthiess  (wani of  •prtm) of  tha  yhldst 
and  the  speed ;  (eonslderaMy  less  than  ad  ths  aquarc  roots  «f  the  last.) 

2d.  On  soft  roads,  the  draft  is  less  wtth  wide  tires  thak 
With  narrower  ones;  and  for  farming  purpo0e«if»'MO#lnniiidiaiRiilticf 
4  Ins.    With  speeds  hrom  a  walk  to  a  fast  trot,  ti^  draft  does  not  nry  sonslbly. 


........    ■SBEOJFIO. .GJlA.V.ItlC, 

Tax  tp  grar  of  a  body,  is  its  weig;lit  as  compared  with  that  of  an  eq«al  hollivf 
soma  otl^r  body,  wbieh  is  adopted  as  a  standard  of  comparison.  For  other  sabstances 
than  air  and  gases  generally,  pure  water  is  the  usual  standard ;  and  since  the  weight 
of  a  giren  balk  of  water  varies  somewhat  with  its  temperature ;  and  also  with  the  state 
hf  tfie  air,  th»  fomer  is  asMMned  he  be  ft^  lah ;  and  the  latter  at  30  ins,  at  sea-level. 
On  the  continent  of  Europe,  water  at  its  grentest  density,  or  at  a  tamfMntove  of  iP 
Centigrade,  =>  39.2^  Fahrenheit,  is  taken  as  the  standard.  But  whew  extrea* 
scientific  aeciiracy  is  not  aimed  at,  all  th«se  considerations  tnay  be  neglected ;  and 
any  clear  fresh  water,  at  any  ordinary  temperature,  say  from  60°  to  So^.  oiay  bo 
used.  At  70P,  the  resulting  sp  ^r  is  bat  1  part  in  1176  greater  than  Ht&aPW;  ttt  ISP, 
X  to  670;  at  80^,  1  in  454;  at  85^,  1  in  886;  at  90^,  1  in  264.  At  62°  par»  water 
weighs  62.355  lbs  avoir  per  cub  ft. 

To  Oxtd  the  sp  sraF  of  a  iKidy,  heavier  than  watev.  Weigh 
it  first  in  the  air;  and  then  In  water;  and  And  the  diff.  The  diff  is  what  the  body 
loses  in  water ;  and  is  the  weight  of  a  bulk  of  water  equal  to  the  balk  ot  the  body* 
Then  say,  Diff  :  wt  in  air  : :  1 :  sp  gray  of  body. 
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red  froB  iu  tp  g~    ""■ ' ^  * ' '' .----.- 


liifemMl  f¥«B  iu  tp  gr.  Thoa  pore  rlv«r  sftod,  li  pare  quant';  and  of  ooorae'hat  tbc  sune  ip  gr ;  vet, 
a''sond  eob  ft  of  quam,  waigha  nearl;  twice  as  mueb  mm  a  eub  flof  aaod  *.  on  aoooont  of  tbe  Interaueea 
or  mt  IMter.  ▲  briok,  «om«  aaadjtonM,  A%  absorb  w«lw:  fp  Uiat  (beir  »  gr  will  not  fimUsb  tba 
wefffct  of  a  dry  *ais  of  tbe  iibi.-  Itf'idbb  oaa«t.  the  MAgfiMnr  wfirgenefaUy  first  meaatire  the  oon- 
tciNEi  or  a  pieoe  of  tbe  snbstance.  ir  a«olfet;  MdHbab  wttjb  M ^  mu»  ■■ii»  i  MMlii |: i»  Might  per  enb 
ft,  *0.    Ir  it  1«  In  graini,  or  dust,  be  will  meaiure,  and  then  weigh,  a  cub  ft  or  It.    Footnote  p  184. 

To  find  tlie  Sp  vra  V  of  m  liqaid.  Plrat  car«rall7  weigh  aAme  Mild  bodT.  aa  % 
pieoe  of  Aetal,  in  the  air.  Then  weigh  it  la  water,  and  note  the  loss,  taj  L.  Then  weigh  It'Ai  tb* 
.^.^ ^ .....  _^  .     TbeftMioML,  latoloetl.  eolil.  or  lb««pgrorwater,  totho 


•li^t  34  to  M  PM^*  if  green. 

Table  of  specific  ffr»¥ltiea«  And  weigUtM* 

In  this  table,  tbe  gp  gr  of  air,  and  g»a6$  also,  are  compared  with  tb»t  of  water, 
Instead  of  that  of  air;  which  last  is  usual. 


The  specific  gravity  of  any  substance  Is  ^  Its  weli^t 
In  srauM  per  enMc  ocnttnMtre. 


Air,  atmoapberie ;  at  00°  Vnb,  «a4  nndcr  tbo  prasauo  of  can  atmoi|tbew  or 

14.7  ^  per  sq  inob,  weigba  j^  partas  mneb  aa  water  at  60° 

Aleohol,  pure ,.» 

••        or  commerce 

"        proor  aplfit 

Aab,  perfeetlj  di7.  <8ee  rootnoie^  p  381) average.. 

1000  ft  board  meaaore  weigha  1.746  ton*. 
Aah.  AsMriean  white,  dr; 


1000  ft  board  measure  weighs  1.414  ti 
arbles. . 


Alabaatar,  fklwly  so  called ;  but  really  Marbles. . 

"  real;  a  compact  white  plaater  of  ^aria ......average. 

Alominiam 

AatiBoay.  eaat.  <.«•  to  9.74.. . . 
"  native 

Anthracite.    See  Ooal.  below. 

Aaphatoopi,  1  to  1.8... 

Ba«alt.    See  Limaaton 

Bath  Stone.  Oolite. . . . 

BiaoHttb.  east.    Alao  native , 

Bitumen,  aolid.    See  Aapb^tom. 

Braaa,  (<3op|>er  aa4  Zinc.)  east.  7.8  to  8.4... 


Bronsn.    Copper  8  p»rta ;  Tin  1.    (Qun  metal.)   8.4  to  8.6. . 
Briok.  beat preaaed^., ,,.,,,.., 


•'  •ort.lnrerior, 
Brickwork..  Seelii 
Boxwood,  arj 


Calelto,  traoapartnt. » ..........   *' 

CarboMO  Acid  Oaa,  ialH  ttmeaaa  heavy  aa  air " 

Charcoal,  or  pines  and  oaka " 


Charcoal,  or  pii  „ 

Chalk.  S.S  to  1.8.    See  Urooatonea,  qoarrle4. .^.....»   - 

aay,  pnAter'a.dry,  1.8toM-<* ,t. ..,...».,..'  "     . 

"     ary.  In  Inmp,  looao., "    ' 

Coke,  Inoao.  or  peood  coal. "    . 

*     a  heaped  bofth«l.  loqse.  86  tn  41  Iba, , "    , 

**     a  ten  oeeoplea  80  to  97  cub  rt. ,.., ,,.,...»,.    "    . 

In  coking,  co«|a  swell  from  25  to  SO  per  cent. 
Bqnal  woigbu  or  eoke  aad  coal,  evaporate  about  equal  wtaoT 
water :  and  each  abt  twice  aa  much  aa  tbe  same  wtof^ry  wood. 

Oemmlnm. j>qf» 8.8 to  4 

Uberry.  peritoeu^  er^^.  .^^^ ';;^^f^  weighe'i JWi  toM. •▼••'M* 

Ooal,  Aaibraolte.  14  to  1.84.     Of  Penn'a.  1.3  to  1.7 UHually. 

<• .  •<  broken,  or  any  else.    Looae average. 

*•  •'  "        modarately  abaken "    f 

**  **  heaped  bnabol.  lo«>ae,  77  to  tf  lbs. 

A  cubic  yard.  aolTd,  averages  about  1.75  cub.  yda.  when  brokeo  to 

any  market  aiie,  and  looae. ' 
A  ton.  looae.  averagea  from  40  to  43  oubifl  feet. 
At  54  Iba.  P4T  oubic  foot,  a  cable  yard  watgba  1458  lb«.s  0.651  to». 

Ooal,bltnmiBoaa.1.Stol.6 " 

•^  ••  broken,  or  any  also ;  loose " 

••  «•  moderately  shaken " 

•«  '•  a  heaped  bnsheL  loo«e.  70  to  78  lbs. 

**  "  a  ton  occuplea  43  to  48  anh  ft. 

A  enblo  yard  solid,  averagea  shout  1.75  y&rds  iTben  broken  to  any 
murNt  ■ise,  sod  Ioom. 


fS.5 
£2  to  56 

56  to  60 
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TaM«»  «f  0|»Mifl«  vn^vMlM,  mm^  welffMs~(0(nittii«ed.) 


The  fpeciflc  graTity  of  way  latMUuice  it  =«  its  weti^li^ 
ill  ymiM  per  «aM«  eenUnaetre. 


Cbesloat.  perfBoaj  drj.    (See  footBoM,  p  181.) 

1000  feet  bcwrd  aeiuare  welgha  1.525  toni. 
Ctfiueiit,  bydrftoUo.    Aaieriean.  Boeead^ 


ue;  grooM.  Ummm......  • 

U.aStrMkbMli.TO»a. 
••  "  LovtovUte.  "         ••      M.... 

"  •*  Copier,         •*  ••      61.... 

"  iDgllah  Portland.  U.S.  stroek  bath,  bj  Gillaiore.  100  to  138 
*•       "  ••       Varioat.  weighed  br  writer,  » to  lOJ.. . . . 

**       '<  «       ab«rr«l4itw«»1bfc 

"  Preneh  Boulogne  Portlaod.  ttmok  basb,  96  to  UO 
IMIferMMee  off  or  5  poanda  eltlier  more  or  lew  than  w«  bare  gire  per 
leoee Mrack  US.  biub, often  occur  in  the  eement  tram  the  eame 
manofMtory.  owing  not  onljr  tA  the  difBealtj  of  measuring  exactly, 
bat  to  the  want  of  nnlformitj  in  the  eompontion  of  tlie  atone,  de- 
gree or  burning,  grinding,  drrneac,  ke.  Moreover,  the  term  'Hooae" 
U  indeflulta.  mt  mentt  by  It  thn  srente  looeeneaa  wbteh  It  hMi 
when  thrown  by  *  aeeop  fntos  bnlT bwilMl  vftcn  wnhfenrinrtU* 
quantity  for  aale.  Bt  ahaklng  it  may  easily  be  oompaeted  about  H 
pari,  eo  a«  to  weigh  ^  more  per  bush,  or  enb  ft.  And  by  ramming, 
about  }i  part,  so  as  «•  weigh  ahont  H  autre.    8a  wUh  lime,  plas* 


at 8.6  to  8.8.. 

lied 8.8to«.0.. 

Crystal,  pure  Quaru.    See  Quarts. 


Diamond,  S.44  to  »M 
Earth  ;o 


.  uauaUv  8.S1  to  S.55. . 
loam,  perfeetiy  dnr. 
•»  tt  tf   , 


pMi.) 


l.S< 


"  •*  "  ••  moderately  packed 

"  **  **    aa  a  aoft  flowing  mud.'...- 

"  **  "    as  a  aoft  mud.  well  preaaed  into  a  box.. 

Kther 

Elm.  perfbetly  drr.    (SetK 
1000  ft  bom 

Ebony,  dry 

Emerald.  S.6StoS.76 

Kat , 

Flint 

Feldspar,  S.6toS.8 

Oaruet.  8.&to4.6;  Preeieua,  4.1  to  4.8... 

Glaaa,«.5toS.45 

••    oommoa  window 

"     MillviUe,  New  Jeran.    Thick  flooring  glaaa  . 

Granite,  S.66  to  2 JB.    Bee  LimaatODe,  160  to  180. 

~     -  I.  eommon.  161  to  S.T6 

in  loose  piles 

UomMendie.. 


Gypsum.  Plaster  of  Paris,    S.M  to  t. 


quarried,  ih  loose  pile 


in  irregular  lumps., 
ground,  k 


[.loose,  per  struck  bushel,  70 

well  shaken.  "        "       80 

"      Oaldned,  looee,  par  stnMk  bash.  66  to  76... 

Greenstone,  trap,  t.8  to  S  S 

'*  "      qnarried,  in  loose  piles 

GrsTcl,  about  the  same  as  sand,  which  see. 

Gold,     east,  pare,  or  14  carat. 

"        aatlre,  pure.  19.3  to  19.84. . . 


frequently  oontaining  silver,  15.6  to  19.S... 


»d.  19.4  to 

GatUPeroha ** 

HcmMebde.  black,  S.l  to  3.4. **      .. 

Hydrogen  Gas,  is  14M  Umes  lighter  than  air ;  and  16  times  lighter  than 


lydry.  (Pootaole.  p  383.) 

lOOO  f^eet  bo^rd  roeasura  weighs  .9S6  ton. 


Hickory,  perfMUydrv.    (See  ftootoote,  p  38S.)c 
1000  feet  board  measure  weighs 
Iron,  east,  6.9  to  7.4. , 

allyi  

a  cub  iucb  weighs  .3004  lb ;  8601  6  cub  Inohes  a  ton ;  and 
^  =  S.8400  cub  inches ;  oast  irou  gjmm  in>tal 


SpOr. 


i.n 

3.7 
.16 
f.6 
1.66 
4.1 
1.98 
3.61 
1J8 
1.71 
1.6B 


1.8 


ATOcaffa 

WtoTa 

CubR. 

Lba. 


a. 

6C 


53.6 

81  to  161 
76I0  81J 


15.6 

Tlte  89 
8tt*  91 
90  to  199 
TOta  M 
66to  68 
76  ta  96 
99  la  199 
104  to  lis 
110  ton* 


16J 

68L 

163. 


167. 

168. 

»    176t 

168. 

96. 
176. 
166. 
141.6 

81 

86. 

64. 

•lloC 
18T. 
167. 


1117. 
614 


16.  \ 

17.  J 


•  See  tablos,  pp.  806  and  896. 
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aPBCIFIG  GRAVITY.  383 

TKMe  of  s|>eclSe  ffMiviUcs,  aiMl  wei|:IKs*«(ODiitiMi«d,) 


The  apecifie  gmvity  kt  uiy  MtMtance  ia  »  Its  weiClli 
in  svftBM  |»er  c«Me  •enltHieti^ 


Iron,  WToasht,  T.ft  to  7.9 ;  th«  parMt hM  the  grealMft tpgr.. 
••    large  nriled  ban I  a— ,««  .inA»-,««        h 

••    aheat.    (See  pp.  410. 411) ••      -. 

At  480  Bta,  a  cub  ineb  weigiis  .ttH  ft ;  aad  a  »  =  ».60U0  oab  los. 
Light  iroa  ladioatea  impurity. 

Ivory average.. 

Joe.  .917  to.922 "      .. 

ladia  robber ••      .. 

Lignam  vita,  dry ** 

Lard ««      .. 

Lead,  or  eoBuneroe.  11.90  to  11.47;  either  relied  or  oaM "      .. 

Umeetonee  and  Marbles,  t.4  to  1.86, 150  to  178.8 

••  ••  "       ordinarily  about... < 

**  *•  •*       qaarried  in  irregular  fragmentn.'l  eob  yard  solid, 

makes  about  1.9  eeb  yds  perfeetly  loose :  or  about 
1|<  yds  piled.  In  this  last  ease.  .STl  of  the  pile 
is  solid;  and  the  remaining  .429  part  of  it  is 

▼olds piled.. 

Lima,  quick,  of  ordinary  limestone  and  marbles  99  to  96  ftf  per  eob  ft. . . . 

**         "    .  either  in  snail  irregular  lumps ;  or  ground,  loose  60  to  68. . . . 

b  either  oase  1  solM  measure  makes  aliout  1.8  meas  loose;  and  then 

M6  of  the  mass  is  solid,  and  .446  is  toMs. 
Tb  measure  dorreotly,  none  of  the  lumps  should  exceed  about  ^  or 
■J>fr  of  the  smallest  dimension  of  the  vessel  used  for  measuring. 

UoM,quioB.  ground,  loose,  per  atmok bualMl  63  to 70 &«...». 4*,*. 

"  "  "       w^n  shaken,    "       *•    ....80      "   

♦•         "  ••       thoroughly  shaken.  "    ....93K  " 

Mahogany,  Spanish,  dry*... ...^«, .....* average.. 

"  Honduras,di7 " 

Maple.  dry» ••      .. 

Marbles,  see  Limestones. 

Masonry,  of  granite  or  limestones,  weHi^essad  throngbeut.... 

•*         «•       •«      wdl-seabMed  mortar  rubble.    About  ^  of  the  mass 

will  be  mortar 

••         ••       ••      wdl-scabbled  drv  rubble : 

*'         •*       **     roughly  soabMed  mortar  rubble.    About  H^H  pvt 

wlU  be  mortar 

"         *'        **     roughly  seabbled  dry  rubble 

At  165  lbs  per  cub  ft,  a  cub  yard  weighs  1.868  tons ;  and  14.46  cub  ft, 
1  ton. 
Masonry  of  sandstone;  about  H  part  less  than  the  foregoing. 

"       "  brickwork,  pressed  brick,  fine  Joints average.. 

••       "         "  medium  quality •• 

"        "         ••  coarse ;  inferior  soft  bricks ••      .. 

At  125  fts  per  cub  ft,  a  cub  yard  weighs  1.507  tons;  and  17.92  cub 
ft.  1  ton. 

Iferonry,  at  32°  Pah 

"  60O    ••  

"  2120    «' 

Mica.  2.75  to  3.1 

Mortar,  hardened,  1.4  to  1.9. 

Mud,  di7,  olose : 

**    wet,  moderately  pressed. 

•'    wat,  fluid 

Haphtha '. 

Ritrogan  Oas  is  i^ut  -^  part  lighter  than  air. . 
ry,  .86  to  1.0 


1.02  ». 
.88.. 


Oak,  live.  perfeeUy  dry, 

"    whita,     " 

••    red.  Mack,  Ac*.. 
OUs,  whale;  olive 

"    oftnrpcntite 

Oolitaa.  or  Boe^oes,  1.9  to  2.6 

Oxygen  Oas,  a  Hfttle  more  than' JL  park  heavier  than  air. . 


Peat, dry.  unpressed u... 

Pine,  white,  perfeeily  dry,  .85  to  .46* 

1000  ft  board  measure  weighs  .830  ton.* 

"     yellow.  Northern.  .48to.62 

1000  ft  board  measure  weighs  1.276  tons.* 

"         •*       Southern,  31  to  .80 

1000  ft  board  measure  weighs  1.674  tons.* 


Average 

Average 

Wtofa 

8p0r, 

Gob  Ft. 

_ 

Lbs 

7.n 

485. 

C7.6 
J  7.69 

474. 

480. 

485. 

1.8X 

114. 

.92 

57.4 

JO 

56. 

1.83 

83. 

.96 

59.S 

11.18 

700.6 

2.6 

»t.4 

2.T 

168. 

96. 

1.5 

96. 

58. 

•  r........ 

OB. 
64. 
75.  • 

.85 
.56 
.7» 

53. 
S3. 
49. 

165. 

154. 

IM. 

150. 
125. 

140. 
125. 

100. 

13.62 
13.58 
18.38 
2.98 
1.66 

849. 
846. 
836. 
188. 
103. 

80  to  no 



no  to  ISO 

104  to  120 

.848 

62.0 
.074i 

.95 

.77 

"m  " 

.87 
2.2 

.00186 

69.3  - 

48. 
82  to  45 

57,8 

54JI 
137. 
.0646 

.878 

54.8 
20  to  SO 

.40 

25. 

A5 

34.8 

.72 

46. 

*  C^reeH  tiail»«rs  usually  weigh  from  one-fifth  to  nearly  one-half  more  tha^ 
diy ;  and  ocdinary  building  timbers  wben  t<?erably  seasoned  about  eaesixtb  moretUn  perf»eUy  « 
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lM»le  «ff  mp^9i0m  mmtiwkUum^  mnA  wti^lUf  ^tContiAaflC) 


The  specific  gmrlty  f  f (i^.  wbi |«nce  is  -  its  welfflit 
in  ^rmwMM  per  cwMb  <wit*i€  ^ 


Pioc,  heart  of  loog-leafed  Sootheni  yellow,  iBf»»     (TMCavte,  p  ltt.)r<* 

lOOO  ft  boiird  iuv»aor«  wpighii  2.41H  toiu» 
Pitch.  .  .-. 


Pliwtor  9t  Pad* ;  •««  Gyp««m.   ■      .    . 

Powder,  slighilj  shaken 

Porphyry,  t.M  to  X.8. 

Platiuuai 21  to'ii  . 

native^  in  grains... .....  16  to  19  . . . 

Quarts,  common^  pore 2.64  to  S.6t 

••  ••        flaely *  * 


f  olTeriaed,  loose,  

"        well  shaken 

•*  **  "        well  packed 

quarried,  looM.    On«  measure  solid,  makes  foil  IH  breken  and 
piled 


Baby  and  Sapphire.  S.8  to  4A.. . 
Rosin.. 


Salt,  ooarsa,  per  strnokbushd;  Syraense,  N.  York 56  lbs  .. 

"       "  "       Turk's  Island;  CwUti  Lisbon.  76  to  M).. 

"         '*        ••        "  '*       8t.Barts 84to»0.. 

'*         "       ''       "  "       some  weHdried  West  India....  M  to  96.. 

"         "       "       "  "       Liverpool ,»....  60  to  55  .. 

"    Liverpool  fine,  for  table  npa..... ^ 60  to  62  .. 

Sand,  of  pire  quaru ,  perrecUy  dried,  and  loose,  osnaUy  112  to  IS3  lbs  per 

struck  bushel , ^ 

At  the  average  of  96  lbs  per  cub  ft,  a  struck  bushel  weighs  122^  lbs ; 
and  18.29  bushels..  1  ton ;  a  cab  yd  =  1.181  tons ;  22.86  enb  ft,  1  ton. 
Slight  •baking^eompaoto  it  about  2  t*t  per  et;  Mi  raaodag  about 
12  per  et  when  dry. 

"      perfeetly  wet*  TOids  run  or  water .^.« 

<'  "         '•     at  thrmona  of  124  fts..aeob  yard  weigha  1.485  tona  r 

and  18.08  eable  ISBet=  1  ton. 
"      sharp  angular  sand  of  pure  quarta  with  very  large  and  very  small 
graion  dry  mny  welith. 


If  nnv  onMnary  pure  natural  eaad  ha  slflid  Into  1  or  t  or  i 
of  dillbrently  sised  grains,  a  meaawr*  of  any  of  thsM  Jtarodi 
weigh  oon»iderably  leM  than  an  equal  measure  of  the  orfgiual  sand. 


els  wUl 


Thus,  a  sand  weighing  96  lbs  per  eub  Ibot,  may  give  others  weighing 
not  more  than  70  to  80  lbs.  «t  98  Ibtner  enb  ft.  1  bulk  of  pure  quarts, 
has  made  1.68  bulks  of  sand ;  t>r  Wht6h  the  sohd  oeonpies  .6 ;  and  the 
Toids  .4.  But  ir  this  sam<»  sand  he  eompaeted  to  liu  lbs  per  eub  rt, 
then  1  ibeasure  of  solid  avatit  snakes  1  ^  measures  of  sand ;  of  which 
%  ara  solid,  and  }i  voids.  Sana  ts  very  retentive  of  moisture ;  and 
when  in  large  bulks,  is  rarely  as  dry  as  that  above  in  this  table.  But 
with  its  natural  moisture,  and  loose,  ft  is  lig titer  than  when  ixj,  iu 


average  height  then  not  exceeding  about  85  to  90  lbs  per  cub  n ;  or 

"" "  '»u«hel.      -----       — 

l.drT,  2.1  to  2.1- ,. 

quarried,  and  piled.  1  measure  lotld,  makes  abotftIM  piled... 


106>i  to  11 2)<  lbs  per  struck  bi 
Sandstones,  lit  for  bnilding.  dry.  2.1  to  2.7S, 


See  Voids  in  Sand,  p  67R. 
...m  to  171. 


.2.510  2.65.. 


Serpentines,  good. 
Snow,  rn»h  fallen, 

**     moistened,  and  eempweted  by  rain 

Syeam<N%,  perfectly  dry.    (See  Ibotnote,  p  88S.) 

1000  ft  board  measure  weighs  1.876  tons. 
Shales,  red  or  black 2.4  to  2.8 

**        quarried,  in  piles ; 

Slate 2.7  to  2.9 

Silver . 


Soapstone,  or  Steatite 2.65  to  2.8 "     .. 

Steel,  7. 7  to  7.9.    The  heaviest  contains  least  carbon "     .. 

Steel  is  not  beavier  thM  the  iron  from  which  it  is  made;  unless  the 
iron  had  Inpnritlee  whieh  were  expelled  during  its  oonTtrsion  into 

Snipbnr . 


'"^""^A 


Apelter,  orZlMj... 
Sapphire;  and  Hoby,  8.8  to  4.. 


Pootnotcp  888. 

board  nwasure  weighs  .990  ton. 
.6.8  to  7^.., 


Trap,  eompaet,  9.8  to  8.2 ** 

"     quarried;  in  piles .■ < " 

Topas.  8.46to8.6ft ^ ** 


ATerage 


1.15 

I. 
2.78 

21.5 
17.5 
2,66 


8.9 

1.1 


1.41 
•*i.g'" 

2.6 

"is'"" 

l<t5 

1.78 


1M 
9.9 

1. 

8. 


Average 
Wter  a 
Cub  Ft. 


61.8 

iro. 

1841. 


106. 
111. 


68.6 

45. 
62. 
70. 
74. 
42. 


161. 

86. 
161. 

6telt 
15  to  SO 

87. 

162. 
92.      * 

175. 


1». 
SB. 


4S7.5 


62.4 
187. 
107. 


•  The  np  gr  or  pore  quarts  sand,  fonnd  as  directed  near  fool  of  p  880;  Is  of  eml^  the  same  as 
of  pure  oaaru.  or  2.65.  But  a  cub  ft  of  dry  sand  weighs,  as  *above,  from  90  to  106  lbs.  or  only  1 
\**  *fLl!.g?!y* B"oh  as  an  equal  quantity  of  water.    Mom  aihSrtHsrf  fMlakMM  1«A  tb 


Bee  fti«tynn«ra#h,  p  881. 


lyfre« 
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TaMe  of  iqpeeific  yrairltieflh  and  w«l«lKte— (OoDtiatMd.) 


The  specihc  gravity  of  any  naUtance  is  ='l<s  weigrllt 
in  gwmwMM  per  «abfte  eentlittetre. 


b-MsM  mUBuf  weight  l.lli  ton*. 


Tte.<MM,  7.2  to  7.6 mrmgfi,. 

Turf,  or  PeA(,  drj,  aapresMd. 

Water,  pure  raiu,  or  dutUled,  at  32^  Fah.  Barom  30  ioi 

'•         "      "      "        •'  6iO    "         "       ••    •' 

•  •  M  ••  ••  •»  JIJO       «  ••  ««      — ^ ,. 

Aft  OOP,  a  eab  teok  veifba  .flBet7  lb;  or  ATTli  ot  avvir.     And  a  lb  oMi- 

tains  27.734  cub  in* ;  equal  to  a  onbe  of  8.0263  inohee  on  each  edge. 

Water,  tea.  1.026  to  1.030 average  .. 

Altbeugh  tbe  *f  kr«i«bb  wMtrlttf-gtnefanf-MrainM  m>ttnr*^ 

and  one-tblrd  »•  per  eab  ft,  ffl  t2)i  «6«)d  be  nearer  tbe  tntfb,  at 

ordinary  temperatures  of  about  70° ;  or  a  lb  =  27.759  oub  ios ;  and  a 

eob  In  ±  .67M  ox  svoir  ( or  M9S  uxrvy ;  «r  »2.17l  gndiie.    tbe  ^lo 

In  the  Bame  in  trej-r  arelr,  and  apoih. 

Wax.  bees .aTerage.. 

Wines.  .99Stol.04 '•      .. 

Wdnut,  blftok,  perfectly  dry.  ^  (Sw  footnote,  p  38}!.) 

Xiae,  or  Spelter.  6.8  (o  7.2 
Ziroon,4.0to4.t.... 

WEIGHTS  AND  MEASURES. 

United  States  And  Britisli  measures  of  lenfi^th  and  weigplity 

of  the  sajiie  Ueuumim^on,iuay,/or  aU  ordinary  purposetf  be  oou»idered  as  e<)ual ; 
hut  die  liquid  ana  dry  meaoures  of  thu  »aiu«  duiioiuioation  differ  wid^Uy 
in  the  two  countries.  Tlie  standard  measure  of  leuir^  of  both  cuuii- 
tries  is  theoretically  that  of  a  pendulum  Tibraiiug  seconds  at  the  level  of  the 
sea,  in  the  latitude  of  Loudon,  in  ^  vacuum,  with  ^^i^nbeit's  therinoiueter  at 
C2<^.  Tlie  length  of  such  a'pendulum  Is  supposed  to  be  divided  into  89.1398 
equal  parts,  called  inches;  aud  36  of  these  inciies  were  adopted  as  the  standard 
Tard  of  both  countries.  But  the  Parliamentary  standard  leaving  been  destroyed 
by  fire,  in  1834,  it  was  found  to  be  impossible  to  restore^it  by  n^^ureveqt  pf  ^ 
pendulum.  The  present  British  Imperial  yard,  as  determined,  at  a  temperature 
of  B2<*  Fahrenheit,  by  the  standard  preserved  in  the  Houses  of  Parliament,  is 
the  standard  of  the  United  States  Coast  and  Geodetic  Survey,  and  is  recognized 
as  standard  throughout  the  country  and  by  the  Depftrtiiiems  of  the  Govern- 
ment, although  not  so  declared  by  Act  of  Congress.  The  yard  between  the  27th 
and  68d  inebes  tff  •  icMe  made  for  the  U.  S.  Coast  Snrrey  by  Troughton,  of  Ix>n- 
don,  in  1814,  ia  found  to  be  of  this  standard  length  when  at  a  temperature  of 
59<'.62  Fahrenheit:  but  at  62^  is  too  long  by  0.00083  inch, or  about  1  part  in  43373, 
or  1 46  ineh  per  mile,  or  0.0877  inch  in  100  ilMl 

Tbe  Coast  Survey  now  uses,  for  purposes  of  comparison,  two  measures  pi«- 
sented  by  the  British  Government  in  I860,  as  copiM  of  tbe  Imperial  sfa^idard, 
namely : 

"  Bronze  standard,  No.  11 ;"  of  standard  length  at  62^.25  Fahr. 
"  Malleable  iron  standard,  No. 57 ;"  "       "       "       62o.l0     " 

See  Appendix  No.  12,  Report  of  U.  8.  Coast  and  Geodetic  Survey  for  1877. 
The  lesral  standard  of  welarlit  of  tbe  United  States  is  the  Troy 
pound  of  the  Mint  at  Philadelphia.     This  standard,  containing  6760 

Sains,  is  an  exact  copy  of  the  Imperial  Troy  pound  of  ureal 
ritain.  The  avoirdupois  or  commercial  pound  of  the  United  States,  con- 
taining 7U00  grains,  and  derived  from  the  standard  Troy  pound  of  the  Mint,  is 
found  to  agree  within  one  thousandth  of  a  grain  with  the  British  avoirdupois 
pound.  The  U.  S.  Coast  Survey  therefore  deolares  the  weights  of  the  two  coun- 
tries identical. 
The  metric  system  *  was  legrftHs^d  In  the  United  States  in 

*  The  metric  system,  as  compared  with  the  English,  has  much  the  same  advantages 
and  disadvantages  that  our  American  decimal  coinage  has  in  comparison  with  the 
English  monetary  system  of  pounds,  shilliugs  and  pence.  It  will  enormously  facili-* 
tate  all  calcuUtious,  but,  like  all  other  improvements,  it  will  necessarily  cause  some 
inconvenience  while  the  change  is  being. made.  The  metric  system  has  also  this  fur^ 
ther  aud  Tory  great  advantage,  that  it  bids  &ir  to  become  universal  among  civiliteiP 
nations. 
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1866,  but  has  not  been  ntade  obligatory.  The  govemmeBt  hat  dBoe  furnished 
yery  exact  metric  stauidards  to  the  several  States. 

Th«  metric  unit  of  lengrtli  is  tbe  metre,  or  meter,  which  was 
intended  to  be  one  ten-millionth  I  I  of  tbe  earth's  quadraot,  i.e.,  of 

that  portion  of  a  meridian  embraced  between  either  pole  and  tbe  equator.  This 
length  was  measured,  and  a  set  of  metrical  standardit  of  weight  and  measure 
were  prepared  in  accordance  with  the  result,  and  deposited  among  the  archives 
of  France  at  Paris  (MHre  des  Archives.  Kilogramme  des  Archives,  etc.).  It  has 
since  been  discovered  that  errors  occurred  in  the  calculations  for  ascertaining 
the  length  of  the  quadrant ;  but  the  standards  nevertheless  remain  aa  originally 
prepared. 

Tlie  metric  meanares  of  ftarfitce  mid  of  capoci  tv^  are  the  squares 
and  cubes  of  the  meter  and  of  its  (decimal)  fractions  and  multiples. 

Tbe  metric  unit  of  weigrlit  Is  tbe  gramme  or  n^ram,  which  is 
the  weight  of  a  milliliter  or  cubic  centimeter  *  of  pure  water  at  its  tempera- 
ture of  maximum  density,  about  4.5^  Centigrade  or  40°  Fahrenheit. 

By  the  concurrent  action  of  the  principal  governments  of  the  world,  an  !■- 
ternational  Bnreaa  of  Weiiirlito  and  Meaoures  has  been  estab- 
lished, with  it«  seat  near  Paris.  It.  has  prepared  two  ingots  of  pure  platinuni- 
iridium,  from  one  of  which  a  number  of  standard  kilograms  (lUOO  grama)  have 
been  made,  and  from  the  other  a  number  of  standard  meter  bars,  both  derived 
from  the  standards  of  the  Archives  of  France.  Of  these  copies,  certain  ones 
were  selected  as  international  standards,  and  the  others  were  distributed  to  the 
different  governments.  Those  sent  to  tne  United  btates  are  in  the  keeping  of 
the  U.  8.  Ooast  Survey. 

The  determination  of  the  eqniwalent  of  tbe  meter  in  Cn^lisb 
measure  is  a  very  difficult  matter.  The  standard  mefar  is  measured  from  end 
to  end  of  Kplatinwn  bar  and  at  the  freezing  point ;  whereas  the  standard  yard  is 
measured  between  two  lines  drawn  on  a  silver  scale  inlaid  in  a  brome  bar,  and  (tt 
62°  FhhrfmheU.  Tbe  Cnited  States  Coast  Survey  f  adopts,  as  the 
length  of  the  meter  at  %29  Fahrenheit,  the  value  determined  by  Capt.  A.  R. 
Clarke  and  Col.  Sir  Henry  James,  at  the  office  of  the  British  Ordnance  Survey, 
in  1866,  vie. :  38..370432  inches  (=  3.2808666  +  feet  =  1.0936222  +  yards) :  but  tbe 
laWftal  eqalTalent,  esUblished  by  Congress,  is  39.37  inches  (=  3.28083  feet 
»=  1.09:«11  yards).  This  value  is  as  accurate  as  any  that  can  be  deduced  fh>m 
existing  data. 

Tbe  icram  wei^bs,  by  Prof  W.  H.  Miller's  determination,t  15.43234874 
trains.  An  examination  made  at  the  International  Bureau  of  Weights  and 
Measures  in  1884  makes  it  15.43235639  grains.    The  lesal  Falne  in  the  United 

States  is  15.432  grains. 

*  I  centimeter  =  ^  meter  =  0.3937  inch.    1  milUUter  (j^  liter)  or  cubic  centi- 
meter =  0.061  +  cnbic  inches. 
fA 

t 


Appendix  No.  22  to  report  of  1876,  page  6. 
Philosophical  Transactions,  1866,  pp.  ^  e 
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AyproxlMAie  T»I«m  ^f  F^r^lya  €•!■•,  to  U.  S*  Moa«y. 
The  references  Oi  'i  '•  ^nd  «)  are  to  foot-noiet  od  oezt  page. 

From  Circular  of  U.  S.  Treasurr  Department,  Bareno  of  the  Mint,  Jan.  1. 1887 ; 
trom  **  Question  Mon^taire,"  by  H.Costet,  Pariih  1884;  and  from  our  10th  edition. 
Argentine  Repub.— Peso  =  100  Centavoe,  96.6  ct«.«»  Argentino  =  5  Pesoft,  14.82. 
Aastria.~Florin  =>  100  Kreut£er,47.7  ct8.,>35  0  eta.*  Ducat,  $1:29.  Maria  Theresa 

Thaler,  or  Levantiu,  1780,  |l.00.«    Rix  Thaler,  97  cts.*    Souveraln,  $;JJS7.* 
Belgium.! — Franc  »  lOO  centimes,  17.9  cU.,*  19.3  cts.» 
Bolivia— Boliviano  =  100  CeuUvos,  96.3  ct8.,«  72.7  cU.«    Once,  $14.95.    Dollar, 

96ct8« 
Brazil.— Mil  reis  »  1000  Beit,  M.2  eta..*  HJS  eta.* 
Canada.— English  and  U.  S.  coins.    Also  Pound,  $4.^ 
Ceuiral  America.*— Doubloon,  $14.50  to  $15.65.    Reale,  arerage  1^^  ota.    See 

Honduras. 
Ceylon.— Rupee,  8sme  aa  India. 
Chili— Peso  =  10  Dineros  or  Decimos  » 100  Centavoe,  96JS  cta..<  91.2  eta.*    Ooa- 

dor  =  2  Doubloons  »  5  Escudos  =  lo  Pesos.    Dollar,  93  cis.^ 
Cuba.— Peso,  93.2  ct8.»    Doubloon,  $5.02. 

Denmark— Crown  =  100 Ore,  25.7  cts.,< 28.8  ota.«    Ducat,  $1.81.«    SkUling,  %  ot.« 
Ecuador.— Sucre,  72.7  cts.*    Doubloon,  $3.86.    Condor,  $9.65.    Dollar,  93  cts.* 

Reale,  9  cts.* 

-Pound  =  100  Piastres  ^  4000  Paras,  $4  94,a« 


Finland.— Markka  =>r  lOO  Penni,  19.1  cts*    10  Mark kaa.  $1.98. 

Franee.1— Franc  =100  Centimes,  17.9  cta.,«  19.3  cts.s  Napoleon,  $S.84.«  LiTre, 
18.5  cts.*    Sous,lct.« 

Germany.— Mark  » 100  Pfennigs,  21.4  ots.,*  28.8  cts.*  .  Augustas  (Saxony),  $3.98.« 
Carolin  (Bavaria),  $4.93.4  Crown  (Haden,  Bavaria,  N.  Germany),  $1.06^ 
Ducat  (Hamburg,  Hanover),  $2.28.^  Florin  (I^russia,  Hanover),  55  cts.« 
Groschen,  2.4  cto.*  Kreutzer  (Prussia),  .7  ct.  Maximilian  (Bavaria),  $3.30.« 
Rix  Thaler  (Hamburg,  Hanover),  $1,104  (Baden,  Brunswick),  $1.00«  (Pru^ia, 
N.  Germany,  Bremen,  Saxony,  Hanover),  69  cts.< 

Great  BriUio.— Pound  Sterling  or  Sovereign  (£)«20  Shillings  »  240  Pence. 
$4.86.65.*  Guinea  =  21  Shillinffs  Crown  =  5  ShUUngs.  Shilliog  («),  22.4 
cts.,s  24.3  cts.  (^  pound  sterling).    Penny  (</),  2  cts. 

Greeoe.i— Drachma  «=  100  I^pU,  17  ct8.,t  19.3  cts.* 

Hay  I  i.— Gourde  of  100  cents,  96.5  cts.«« 

Honduras.- Dollar  or  Piasti^  of  100  cents,  $1 .01.    See  Central  America. 

India.— Rupee  <=  16  Annas,  45.9  cts.,*  34.6  cts.*  Mohur  <-  15  Rupees,  $7.10.  Star 
Pagoda  (Madras),  $1.81.* 

Italy.  etcMUra  » 100  Centesimi,  17.9  cts.,*  19.8  ate.*  Cariia  ^aidinia),  $8.21.« 
Crown  (Sicily),  96  cts.«  Livre  (Sardinia),  18.5  ots.^  (Tuscany,  Venice),  16 
ct8.«  Ounce  (Sicily),  $2.50.4  paolo  (Rome),  10  cts.^  Pisiola  (Rome),  $3.37.4 
Scudo4  (Piedmont),  $1.36  (Genoa),  $1 28  (Rome),  $1.00  (Naples,  l^cily),  96 
eta.  (Sardinia),  92  cts.    Teston  (Rome).  80  cts.4    Zecchino  (Rome),  $2.27.4 

Japan.— Yen  =  100  Sen  (gold),  99.7  cts.*  (silver),  $1.04*,  78.4  cts.» 

Liberia.— Dollar,  $1.00.»  * 

Mexico.— Dollar,  Peso,  or  Piastre  =  100  Centavos  (gold),  98.3  cts.  (silver),  $1.05,* 
79  cts.*    Once  or  Doubloon  « 16  Pesos,  $15.74. 

Ketberlands.— Fk>rin  of  1(K)  cents,  40.5  cts.,*  40.2  cts.*  Ducatoon,  $1.82.4  Guilder, 
40  cts.4    Rix  Dollar,  $1.05.4   Stiver,  2  cta.4 

Kew  Granada.— Doubloon,  $15.34.4 

Norway.— Crown  =  100  Ore  ==  30  Skillings.  26.7  cts.,*  26.8  cts.* 

Paratniay;--Pia8tre  =  8  Reals,  90  cts. 

Persia.-~nioman  ^t 5  Sachib-Kerans  » 10  Banabats » 26  Abassia » 100  Scahis, 
$2.29. 

Peru.— Sor=>  10  Dineros  » 100  Centavos,  96.6  cts.,*  72.7  cts.*    Dollar,  98  cta.4 

Portugal.— Milreis  -  10  Testoons  »  1000  Reis,  $1.08.*  Crown  »  10  Milrels. 
Mddore.  $6.50.4 

Russia.— Rouble  =  2  Poltinnlks  «  4  Tchetvertaks  »  6  Abassis  »  10  Griviaiks  « 
20  Pletaks  =  100  Kopecks,  77  cts.,*  58.2  cts.*  Imperial » 10  Roubles,  $7.72. 
Ducat  =  3  Roubles,  IQ.39. 

Sandwich  Islands.— Dollar,  $1.00.4  _ 

Sicily.— See  Italy. 

Stoain.— Peseta  or  Pistareen  =  100  Centimes,  17.9  cts.,*  19.3  cts.*  Doubloon  (new) 
=  10  Escudos  =  100  Reals.  $5.02.  Duro  =  2  Escudos,^  $1.00.*  Doubloon  (old), 
$15.65.4  Pistole  =  2  Crowns,  $3.90.4  Piastre,  $1.04.4  Beale  Plate,  10  cts.4 
Beale  vellon,  6  cts.* 

1,  2, 3, 4.    See  foot-uotes,  next  page. 
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(For^lyii Coins (iMHnued.   SfnaHilyiirM 0, *, *, *) r^ ^ >M w**s.^ 

Sweden.— Crown  =  100  Ore,  26.7  eta.  •  26.8  cts.*  Dncat,  $2.20.«  Hbt  Dollar,  91.05.4 

Switzerland.!— Franc  » 100  Centimes,  17.9  cta.,s  19.3  ct8.» 

Tripoli.— Mahbub=  20  Pjaatrrs,  66.6  cta.8 

Tunis.— Piastre  =  16  Karobs,  12  cts.«    10  Piastres,  $1 .16.6. 

Turkev.— Piastre  =  40  Paras,  4.4  ct8.«    Zecchin,  $1.40.* 

United  States  of  Colombia.— Peso  =  10  Dineros  or  Decimos  =  100  Centavos,  96^ 

cts.,«  72.7  cts.»    Condor  =  10  Pesos,  $9.65.    Dollar,  93  5  cts.* 
Uraguay.— Peso  =  100  Centaros  or  Centesimoe  (gold),  $1.03  (silver),  96.6  cts.« 
Venezuela.— Bolivar  =  2  Decimos,  17.9  cts.,*  19.3  cts.«    Venezolano  =  6  Bolivan. 

Sises  aBd  Weigrlits  of  United  States  Coins.* 


Clold,  10  per  cent  alloy : 

Double  eagle 920 

Eaffle 10 

Half  eagle 5 

Three  dollars 8 

Quarter  eagle 2.50 

Dollar 1.00 

Stiver,  10  per  cent,  alloy : 

Tradedollar 100  cts. 

Standard  dollar 100  *' 

Half  dollar 60  " 

Quarter  dollar 26  " 

Twenty  cents 20  " 

Dime 10  ** 

Half  dime 5  " 

Three  cents 8  " 

Minor. 
6  cents,  75^  copper,  25^  nickel    .  . 
3     "         "        ♦'         " 
2     "      95  5(      "        5%tinandrina 

I         U  It  (C  (t  (t 


>i&meter. 

Thick  neas. 

Legal  weight  of  eoln. 

Inch. 

inefa. 

OnlB*. 

Onma. 

1.85 

.077 

616 

33.486 

1.06 

.060 

258 

16.718 

.86 

.046 

129 

8.359 

.8 

.034 

77.4 

5X»15 

.76 

.034 

64.5 

4.179 

.55 

.018 

25.8 

1.672 

1.5 

.082 

420. 

27.215 

1.6 

.080 

412.5 

26.729 

1.2 

.057 

192.9 

12JI 

J5 

.045 

96.46 

6.25 

.875 

.047 

77.16 

5. 

.7 

.082 

38.58 

2.5 

.6 

.023 

19.2 

1.244 

.66 

.018 

11.62 

.746 

.8 

.062 

77.16 

6J> 

.726 

.034 

30. 

1.944 

.9 

.060 

96. 

6.22 

.76 

.043 

48. 

8.11 

Perfectly  pnre  (COld  is  worth  91  per  23.22  grs  =  920.67183  per  troy  os  = 
$18.84151  per  avoir  oz.  iHandard  (U.  S.  coin}  is  worth  $18.60465  per  troy  oa  = 


916.95736  per  avoir  oz.    It  consists  of  9  parts  b^  weight  of  pure^^ld,  to  1  part 
about"  1204  a*\'oir  Ib8;'and  is  worth  9362968.    A  cubic  inch  weighs  about  11.148 


alloy.    Its  value  is  that  of  the  pure  gold  onlv ;  the  cost  of  tne  alloy  and  oi 
coinage  being  borne  by  Government  A  enble  f^t  of  |pnre  fTOld  welj 


avoir  oz ;  and  is  worth  9210.04. 

Pure  gold  is  called  fine,  or  24  enrat  gold ;  and  when  alloyed,  the  alloy  is  sup- 
posed to  be  divided  into  24  parts  by  weight,  ind  aocordingas  10, 15,  or  20,  ^c,  of 
these  partsare  pure  geld,  the  alloy  is  said  to  be  10, 15,  or  20,  do,  carat 

The  aYeraur®  fineness  of  California  native  grold,  by  some  thou- 
sands of  assays  at  the  U.  S.  Mint  in  Philada.,  is  88.5  parts  gold,  U.5  bllver.  Some 
from  Georgia,  99  per  cent.  gold. 

Pure  silver  fluctuates  in  value:  thus,  during  ]878'1879  it  ranged  between 
$1.05  and  $1.18  per  troy  oz.,  or  $.957  and  $1,076  per  avoir,  oz.  A  cubic  inch  weighs 
about  5.5*48  troy*  or  6»Q(iS  avoir,  ounces. 

1  France,  Belgium,  Italy,  Switzerland,  and  Greece  form  the  Latin  Union. 
Their  coins  are  alike  in  diameter,  weighty  and  fii  eneaa. 

s  :*=  19.8  times  the  value  of  a  single  coin  in  fhtncs  as  given  by  Cosies. 

»  Par  of  exchange,  or  equivalent  value  in  terms  of  U.  S.  gold-dollar.— Treasury 
Circular. 

*  From  our  10th  edition. 

•  Thirteenth  Annual  Beport  of  the  Director  of  the  Mint.  1885 ;  pp.  106  aod  148. 
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WEIGHTS  AVD  MJBASURES.  887 

'"*     '     •     Tr&rm^tt^t.   V.  ft.  ainl  BrttiiMi* 

24(ptan8 1  pennynreight,  dwt. 

20  pennyweights „..  1  ounce  =«  4»0  inrains. 

12  ounces t » 1  pound  =»  240  dirts.  =5760  grains. 

Tr«y  welflrht  is  aflic^  for  sroM  and  silver. 

A  carat  m  the  jewellers,  for  precious  stones  is,  in  the  U.S.  ^  .' 
Ix>ndon,  3.17  m. ;  in  Puris,  3.18  grains  ,  divided  into  4  lenretlers*  grs. 
apotbecarles'  and  avolrdnpois,  tbe  ipralb  is  tiie  same. 

Apotbeearies'  Weiylii.    U.  8.  asd  British. 

20  grains „ 1  scruple. 

3  scruples 1  dram  =»  ao  grains. 

8  drams 1  ounce  =  24  scruples  =  480  grains. 

12  ounces 1  pound  ^OedramstatSTfecruplevc*  5760  grains. 

In  troy  and  apothecaries'  weights,  the  grain,  ounce  and  pound  are  the  same. 

Awoirdnpois  or  Commercial  Weiylii.    U.  8.  asd  Brittih. 

27.34375  grains 1  dram. 

ledraros... ♦ 1  ounce  =  4871^  grains. 

16  ounces. 1  pound  =>  256  drams  =>  7000  grains. 

28  pounds 1  quarter  =  448  ounces. 

4  quarters — 1  hundredweight  =«  1 12  !bs. 

ao  hundredweights 1  t4>n  =  80  quarters  =:  2240  l>Sw 

A  st*ne  » 14  pounds.    A  quintal  =  100  pounds  avoir. 

Tlie  standard  of  the  awoirdnpois  pound,  which  is  the  one  in 
common  commercial  use,  is  the  weight  ctf"  27.7015  cub  ins  of  pure  dfetilled  water, 
at  its  maximum  density  at  about  89*^.2  Fahr,  in  latitude  of  London,  at  the  level 
of  the  sea ;  barometer  at  80  ins.  But  this  involves  an  error  of  about  1  part  in 
1362,  for  the  lib  of  water  =.  27.68122  cub  Ins. 

A  trojr  lb  =s  .82286  avoir  lb.    An  avoir  lb  » 1.21528  troy  lb,  or  apoth. 

A  trojr  OS.  «-  1.09714  avoir,  oa.    An  avoir,  oc  =  .911458  troy  oa.,  or  apoth. 

liontf  Measure*   V.  8.  and  British. 

12  inches 1  foot  r«  .3047973  metre. 

3  feet 1  yard  =  31  ins  =  .9143919  metre. 

S^  yards.. 1  rod,  pole,  or  perch  =  1$U  feet  =  198  Ins. 

40  rods... 1  furlong  «  220  yards  =  B60  feet. 

8  furlongs 1  statute,  or  land  mile  =>  320  rods  =  1760  yds  =TK80  ft  «  68860  Ins. 

3  miles, .«..  1  league  =>  24  furlongs  =^  960  rods  =  5280  yds  =  15840  ft. 


A  poibt  t=  ^  inch.  A  line  =  9  points  =»  ^  inch.  A  piilm  »  8  ins.  A 
kand  =  4  ins.  A  span  =  9  ins.  A  mtbom  =  6  feet.  A  cable's  lengrAb 
'  120  fathoms  =  720  feei.    A  «nnter*s  surreyingT  cbain  ia  66  feet,  or  4 


» feet.  A  cable's  lengrAb 
,  ingr  cbain  ia  66  feet,       ' 

rods  long,    it  has  100  links,  7.92  inches  long.    80  Ounter's  chains  =*  1  mile. 

A  nautical  mil 
variously  defined  as  1 


A  nautical  mile,  seoarrapbical  mile,  sea  mile,  #r  knot,  is 

'  '     '     \  bein^  =»•  the  length  of 


metres  feet       statnts  miles 

1  min  or  tonritnde  at  the  equator    »    1856.345      9087.15         1.18287 
1        "    latitude        "  "  »=    1842.787       6046.95         1.14507 

1         "  "  •        pole         =    1861.665       6107.85  1.15679 

1        **  ••       atrat^o^  =    1852.181       6076.76         1.15090 

1        "a  great  cfrcle  of  a  inte^        (value  adofted  by  IT.  S.  Coast 
gphere  whose  mtr/aoe  «nrea  is  V  *— <     and  Cieodetie  Survey 
eqaal  to  that  ol  the  earthj         (1853.248       6060.27         1.16157 
British:  Admiralty  bnot         »    1853.169       6O8O.OO         1.15152 
The  above  lengths  of  mimites,  in  metres  and  feet,  are  those  published  by  the  U.  8. 
Coast  and  Geodetic  Survey  in  Appendix  No  12,  Report  for  1881,  and  are  calculated 
from  Clarke's  si^eroid,  which  is  now  the  standard  of  that  Survey. 

At  tbo  ettUator  l^of  lat  »  68.70  land  mOes ;  at  lat  20°  »  68.78 ;  at  40°  » 
SMS :  ai  eoo = f9.»  ^  dtt  aoo = 6a.9f ;  M  MO = ea«4i. 


y  Google 


388 


WEIGHTS  AND  MEASURES. 


]L«iiirtlis  of  a  Pggrcc  of  IiO«iri^«4«  Hi  diflRNr^Bt  lAtltsdes, 

BB<I  Mt  tlie  leyd  of  tbe  S^A*    Theae  lengths  are  in  common  land  or  atatute  mileii. 


of  5280  ft.  Since  the  Bgure  of  the  earth  baa  uerer  been  precUetp  aaoertained,  theae  are  but  doae  ap 
proximationa.  Intermediate  ones  maT  be  found  correotlj  by  aimple  proportion.  1<>  wf  longitnds 
oorreaponda  to  4  ulna  of  oiHl  or  clock  time;  1  min  of  longitude  to  4  aeoa  of  time. 


Degof 
Lat. 

Milea. 

Degof 
Lar. 

MUea. 

r>fof 

Lat. 

Mnea. 

Degof 
Lat. 

Miles. 

Degof 
Lat. 

Milea. 

Degof 
LaU 

Mies. 

0 

69.16 

14 

67.12 

28 

61.U 

42 

51.47 

56 

38.76 

70 

«.72 

2 

60.12 

t« 

66.50 

80 

69.1M 

44 

49.83 

68 

36.74 

72 

21 .43 

4 

6i*.9» 

18 

65.80 

32 

68.70 

46 

48.12 

60 

34.67 

74 

19.12 

6 

68.78 

10" 

66.02 

34 

57.SI> 

48 

46.36 

62 

3246 

76 

16.78 

8 

68.49 

22 

64.16 

36 

56.01 

50 

44.54 

64 

30.40 

78 

14.41 

10 

68.13 

24 

63.21 

38 

64.56 

52 

42.67 

66 

28.21 

80 

11.06 

IS 

67.66 

26 

62.20 

40 

63.05 

64 

40.74 

68 

25.86 

82 

V.66 

See 

p34. 

Inches  rodueed  to  Decimals  of  a 

Foot. 

No  errors. 

Ina. 

Foot. 

Ins. 

Foot. 

Ina. 

Foot. 

Ina. 

Foot. 

Ina. 

Foot. 

IM. 

Foot. 

0 

.0000 

2 

.1667 

4 

.8338 

6 

.8600 

8 

.0617 

le 

.8888 

1-32 

.0026 

.1693 

.3359 

.5026 

.6693 

.8866 

116 

.0052 

.1719 

.8386 

.5052 

.6719 

.8386 

3-32 

.0078 

.1746 

.3411 

.5078 

.6746 

.8411 

H 

.0104 

H 

.1771 

H 

.8438 

H 

.5104 

H 

.6771 

H 

.8438 

6  Hi 

.0130 

.1797 

.3464 

.5130 

.6797 

8-16 

.0156 

.1823 

.3490 

.6156 

.6828 

.8490 

732 

.0182 

.1849 

.3516 

■  .5182 

.6849 

.8516 

H, 

.0208 

H, 

.1875 

H 

.8543 

H 

.6208 

H 

.6875 

H 

.8641 

•  S 

.0234 

.1901 

.3568 

.52S4 

.6801 

.8668 

516 

.0260 

.1927 

.3594 

.5260 

.6927 

:^ 

1132 

.0286 

.1953 

.8620 

.6286 

.6963 

H 

.0313 

M 

.1979 

% 

.8646 

H 

Ji318 

% 

.«!» 

H 

j»m 

1332 

.0339 

.2006 

.8672 

.6839 

.7006 

^m 

716 

.0365 

.3031 

.8698 

.5366 

.7031 

.8668 

1532 

.0391 

.2057 

.3724 

.6391 

.7067 

.8714 

H 

.0417 

H 

.2083 

H 

.3750 

H 

.6417 

H 

.7068 

H 

J&t» 

1732 

.0443 

.2109 

.3776 

.6443 

.7169 

.8716 

916 

.0460 

.2136 

.3802 

.6469 

.7185 

.686S 

19^2 

.0495 

.2161 

.5495 

.7161 

is: 

H 

.0521 

H 

.2188 

H 

!3R54 

H 

.5521 

H 

.7188 

H 

2132 

.0547 

.2214 

.3906 

.6547 

.  .7214 

.8880 

1116 

.0573 

.2240 

.5578 

.7240 

.8906 

tiSI 

.OoJto 

.2266 

.3932 

4>599 

.7266 

.8831 

H 

.0625 

H 

.2292 

H 

.3958 

H 

.6625 

9i 

:SS 

9i 

.8168 

25  82 

.0661 

.2:118 

.8984 

.6661 

.8684 

18  16 

.0677 

.'2344 

.4010 

.6677 

.7344 

.9016 

17  32 

.0703 

.2370 

.4036 

.5703 

.7870 

.9086 

«.& 

.0729 

H 

.2396 

7i 

.4063 

K 

.6729 

K 

.7896 

H 

.6068 

.0756 

.2422 

.4069 

.6755 

.7412 

.9069 

1516 

.0781 

.2448 

.4115 

.6781 

- 

.7448 

.6115 

81-32 

.0807 

.2474 

.4141 

.6807 

.7474 

.9141 

1 

.0833 

n 

.2500 

5 

.4167 

7  - 

.6883 

9 

.7600 

11 

.9167 

.0859 

.2536 

.4198 

.6859 

.7696 

itias 

.0885 

.2552 

.4219 

.5885 

.^662 

.9»9 

.0911 

.2578 

.4245 

.6911 

.7578 

.6246 

H 

.0938 

H 

.2601 

H 

.4271 

H 

.6038 

H 

.7694 

H 

.6271 

.OOflt 

.2630 

.4297 

.5964 

.7680 

.9297 

.0990 

:2«56 

.4323 

.5990 

.T6S& 

.9818 

.1016 

.2682 

.4:M9 

.6016 

.7683 

.9646 

H 

.1042 

yi 

.2708 

U 

.4375 

}i 

.6042 

H 

.7708 

H 

.9375 

.1068 

.2734. 

.4401 

.6068 

.7784 

.9401 

.1034 

.2760 

.4427 

.6094 

.7760 

.9417 

.1120 

.2786 

.4453 

.6120 

.7786 

.6468 

H 

.1146 

H 

.2813 

H 

.4479 

H 

.6146 

H 

.7818 

■    H 

.9479 

.1172 

.3839 

.4505 

.6172 

.7889 

J506 

.1196  . 

.2865 

.4531 

.6198 

.7866 

.9681 

.1224 

.2891 

.4567 

.6224 

.Wl 

.9667 

H 

.1250 

H 

.WtT 

H 

.4588 

H 

.6250 

H 

.7^17 

H 

:S3 

.1276 

.2948 

.4609 

.6276 

.7948 

.1802 

.2909 

.4635 

.6308 

.7968 

.9686 

.1328 

.2905 

.4661 

.6328 

.7906 

MSi 

H 

.1364 

H 

.9021 

K 

.4688 

N 

.6354 

N 

.8021 

H 

.9668 

.1380 

.8047 

.4714 

.6380 

.8047 

.9714 

.1406 

.8073 

.4740 

.6406 

.8078 

JT46 

.14.32 

.3099 

.4766 

.6482 

.8099 

.9766 

H 

.1468 

H 

.8125 

K 

.4792 

H 

.6456 

H 

SH- 

H 

.9791 

.1484 

.8151 

.4818 

.6484 

.9618 

.1510 

.8177 

.4844 

.6510 

.8177 

.9844 

.1536 

..1203 

.4870 

.6536 

.8308 

.9870 

% 

.1563 

H 

.3229 

H 

.4806 

H 

.6563 

H 

.8329 

"a 

.9866 

.1580 

.8255 

.4932 

.6588 

.8266 

.9928 

.1615 

.3281 

.4948- 

.6615 

.8381 

.9648 

.1641 

.SW07 

.4974 

.6641 

.8807 

.9974 
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WEIGHTS  AND  MEASURIS. 
SqH»re»  or  I^and  9lMM»are. 

U.  &  Mi4  BrItlAli. 

144  Miiiare  ineliM Isqfoot.    100  aq  rt  =  1  M«ai«. 

9M|fe«t 1  sq  yard  =  129tf  sq  in*. 

SO^MijanU Isqrod^ntlHMI^^ 

Msqrvda 1  rood^mOsqydas  lOiMaq  fwt. 

4  rood* laere  =  l«0roda=4840sq7d«  =  435a0M|ltet. 

▲  SMtlmi  •fbUiA  it  I  mile  »q.or  27878400  aqft;  or  SOOTeOO  aq  yda :  or  4M0  acres.  Aa  MM 
ei>uuiu«  iU  aq  Giiuusr  a  ehaina.  A  ■«  aere  ia  M8.7I0  toet;  a  ra  balf  aere,  147.5MI  fl;  aud  a  •q 
quarter  aere,  104.S65  ft  on  each  aide.  A  elrwUar  aere  is  2S5.504  feet:  a  circular  half  aere  = 
II&5X7  ft;  and  a  efreular  quarter  ner^  =  117.7S'<t  h  diani.  A  elrealar  lack  is  a  eirele  of  1  inch 
di^;a«qfo=:l83UM6«iriiii.    Aim  %  mUMhP-lJtliim.wt  t^ium  I  #r  «Mk  s  .«M  af  «  sq 

€abi4%  or  Solid  Measure. 
U.&Mi4BriU«k. 

17X8  euUe  UuOtm 1  eubie.  or  aolld  Atot. 

S7enbiereet 1  oubls.  oraolidyard. 

A«mpd«rwood  =  138ottbft;  being  4  ft  X  4  ft  x  8  ft.  A  per«k  af  MMMiiy  Mtually  oon- 
taina  U9i  cub  ft;  bctug  UH  ft  X  1>^  ft  X  1  ft.  It  i«  geuemlly  taken  at  26  oiii>  ft ;  but  by  some  at  22. 
4c;  and  there  is  every  probability  that  a  payer  will  be  cheated  unlaaa  jtbe  number  of  cubic  ft  be  dis- 
tinetly  agreed  upon  In  his  oontraot.  It  is  gradually  fiilliog  into  di«um  aMbng  •nfltawra;  anAihe  cub 
yd  ia  very  properly  taking  iU  place.  T«  redaee  «vb  j4m  to  i  ereiiea  of  2S  cub  ft,  mult  by  1.060 ; 
and  to  redaoe  perches  to  cub  yds,  mult  by  .y2t>.  Tk«  Brit  r«d  «>f  brickwork,  of  house  iMiilders.  w 
1«X  feet  sauare,  by  14  inehe*  (IH  English  bricks)  tuick  =  272>^  aq  ft  of  14  inch  wall.  It  is  oonTCU- 
thmally  taken  at  27t  aq  ft;  wbioh  gives  SI7M  ««b  n>  In  Brit  engiueering  worka  the  rod  is  S06  cub 
ft,  or  II M  cub  yda.  The  Montreal.  (Canada,)  tolae  =  261  ^  cub  ft;  or  l».«li&2  cub  yds.  or  10.4tf 
percbea  of  25  cub  ft.  'I'he  Canadian  rb«Jir»«  =  68.94  cub  fi.  A  imm  (2240  lbs)  of  Pennaylrania 
anthraeite.  when  broken  fbr  domestic  uae,  uoeupiea  from  41 1«  43  cub  ft  of  space  i  the  mean  of  whieh^ 
is  equals  1.566  cub  yda :  or  a  odtoe  of  S.476  ft  on  weh  edge.  Bitnmtiwaa  ooal  44  to  48  cab  ft ;  mean 
•faai  to  1.704  enh  yd;  or  a  eube  of  S.o8S  ft  on  eaeh  edge.    Coke  80  cub  ft. 

A  eable  foot  Is  equal  to 

17S  enb  Ins.  or  SSOO.tS  apherieal  tna. 

^7037  eub  rard,  or  1.90S86  sftherienl  ft. 

.0028S3  nyriolltre,  or  decastere. 

.028316  kilolitre,  or  cubic  metre,  or  store. 

.283161  hootoUtre.  or  decistere. 

2JBS161  deealitres,  or  oenUaterei. 

»<.S16I  litres,  or  eob  deolmetres. 

28S.l<ii  deellitres. 

2831.61  centilitres. 

28316.1  mUlilitres.  or  enb  cenllmetrea. 

.803564  U.S.  strnck  bushel  of  2150.42  cab  ins.  or 

1.14445  cvb  ft. 
.77S01S  Brit  bushol  of  2218.191  cob  ins,  or  1.1 

enb  ft. 
S.n4«  U.  S.  pecka. 

A  eubie  Ineli  Is  equal  to 

l&MMS  BiniUtrM;  ot  1.638663  eenHlitrea;  or  .1638663  deeUitre;  or  .61638668  lltr«;  m  ia  .0606787 
Mb  ft ;  or  to  .138638  U.  S.  gill ;  or  1.96185  splMrieal  ina. 

A  euble  jrard  is  equal  to 


3.1 

7.4  tSl  onh  k 

6.4 

6.*J  tub  ina. 


i9 

.»  k 


Z7  enb  fleet,  or  to  101.974  U.  S.  galla. 

44Mta6enbi08. 

^0764584  myriolitre. 

.764534  klMlire,  or  enb  metre. 

7.ft46:M    haetoiltrmi. 

T.9  OMr  bnmla  of  3  atruek  buahda. 


76.4534  deealltrea. 

764.534  litres,  or  cub  d 

7646.34  deeiliirea. 

21.69623  V.  8.  bushels  (struck). 

21  03336  Brit  buabel*. 


A  sphere  1  foot  la  diameter,  eontalns 

.01989  cub  yard.  SI  .3344  U.  8.  liquid  pints. 

.5236  cub  foot.  I25.3.Y76  U.  8.  liquid  gills. 

904.781  cub  Inobea.  3.2631  Brjt  lipp  gallona. 

.42075  U.  8.  bnahol.  13  6525  Brit  ittf  qnarta. 

1.6880  U.  g.  peoka.  90.1060  Brit  imp  piuta. 

18.4689  U.  8.  dry  qnarta.  104.42M  Brit  Imp  gUla. 

96jEt78  U.  8.  dry  pinta.  14.8263  litres. 

SJliB  U.  8.  liquid  gaUona.  1.48263  deealltrea. 

UJI7t  U.  8.  liqnid  qnarU.  .148263  hectolitres. 

A  sphere  1  liteh  In  diameter,  contains 

.000806  eub  foot.  ^                     .06048  Brit  giU. 

41lisabinsb.  *                 8.580  mUUiitro. 

MnU  U.  8.  fill.  .8680  centilitre. 
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A  cjllnder  1  fMit  In  dlaineter,  amd  1  Aiwt  klffh,  coBtaiss 

.03908  oub  yard.  47.0016  U.  8.  Uqtiid  piuu. 

.7854  cub  liM.  188XXM4  U.  S.  HqiiM  gtllt. 

1867. 1712  oub  inebM.  4.0047  BrU  Unp  galloas. 

.61113  U.  8.  drv  busbcte.  «                         19.&7S8  Brit  iaip  qnartk 

3.5245  U.  8.  Arj  peoka.  S9.1&75  Brii  imp  piata. 

W.t«68  U.  8.  dry  qiMirU.  1M.6902  BrU  inp  g Ul«. 

40.8916  U.  8.  dry  pinta.  S22.9il6  dwilitres. 

S.»76f  U.  8.  Uqnld  gallons.  32.2396  UtrM. 

38.6000  U.  S.  Uquid  qiwrtt.  8.32S96  deoalitres. 


A  csrHB«iw  1  **«li  *B  <H>ief>»  Mid  1  iM»t  hlffh,  cMoteias 

.006464  enb  fooi,  .49[i&5'1'  ^■■P  PjS*- 

0.4240  eub  loobM.  t.WTr  Brit  linp  gill. 

.3806  U.  8.  dry  pint.  16.4441  MDtilitrea. 

.8^641^aidpb(^  1.64441  deoUltTM. 


F«r  •ttMva*  lao  below ;  alio  p  157. 


Idqald  McaMire.   r.  s.  mUj. 

Tke  teals  of  thia  measar*  ia  the  U.  8.  U  ike  oM  Brit  wIm  gallon  of  tM  eob  Im;  ar  SJaSM  »a 
avoir  of  pure  water,  at  its  man  dansitj  ot  aboitc  VP.i  Fabr ;  (faa  bqrom  at  90  ins.  A  eyllnder  T  l»a 
diam,  and  6  ini  high,  oonuioa  780.104  «ab  Ina,  or  almbat  predaelf  a  gallon  ;  aa  doea  ala«  a  oabe  6f 
6.1858  ins  on  an  edge.  Also  a  gallon  :r  .18368  of  a  eub  ft;  and  a  aab  ft  eontalna  T.480M  gnlla ;  vnarljr 
in  gaiu.  TMateala^«w«Ter  lBT«lTeaMi  erraror  abMitl  partla  1M3,  for  tke  watnr  aaM- 
ally  weigha  8.S450UH  &»«. 

.  eub  ina. 

4gllla I  pint    =28.876. 

3  pinta 1  quart  =:  67.750  c  6  glUa. 

4quarta. 1  gallon  =  281.se  plnlas 83 gfl la. 


68  gallons II  . 

2  hogaheada I  pipe,  or  batt. 

3  pipea 1  tna. 

In  the  U.  8.  and  Great  Brit.  1  k«rrel  •!  wtae  or  braodr  =  81^  galla :  in  PennaylTania.  a  batf 
barrel,  16  galla;  a  doable  bwrel,  64  galls;  «  Maalieaa,  84  galla:  «  ttaraet  42  galU.  A  liquid 
measure  barrel  of  91^  galla  oontalna  4.211  oub  rt  =  a  cube  of  l.Ois  ft  on  an  edge ;  or  8.384  U.  S.  atrtiek 
bntbelt.  A  ffUl  =  7.21875  eub  ios.  TlUB  fUlawlBC  «jliM4eM  contain  some  of  these  aaeasaxaa 
Tery  approximately.     For  oOiars,  sse  above ;  also  p  167. 

Diam.  Height.  Diam.  Heiglit. 


eub  ins.  Ins.  Ins. 

OUl  (7.31875) IH  S 

8fc.v;:;:::::  IS  ;:;;::;:;;::  V* 

liuart. Hi  • 


Ins.  Inn. 

OalloB,....^ 7    6 

tgalhma 7    It 

Ogalloas. 14 IS 

WsalloM....... U U 


To  redact  U.  S.  Ilqald  meAsnres  to  Brit  ones  ot  the  mne  denomin*- 

tion,  divide  by  1.30083;  or  near  enough  for  oommon  use,  by  1.3 ;  or  to  reduoe  Bfit  to  U.  8.  mnUiply 

Drjr  JMeaanre. 

U.&aiUy. 
The  basis  of  this  io  tbo  old  British  Winchester  struck  boshel  of  2150.42  cub 

IDS  i  or  77.627418  pounds  avoir  of  pare  water  at  iu  max  density.  lu  dimeDsiona  hy  htw  are  18U  in* 
inurr  diam ;  I9H  ins  outer  diam ;  and  8  ins  deep ;  and  when  heaped,  the  eoae  is  ne«  to  be  leas  UikiiC 
iushigta;  which  makes  a  heapad  boahel  equal  to  1^  stniok  on«a ;  or  to  1.66666  aab  M.  «««• 

■dgapf  nenbeof 
eqiud  oapneity. 
.»«...    «.OMina. 

6.464   " 

aisi  " 

4200  eab  ins.  ls.iioe 


TK^  A^'^^^  iHiSlMii  -  1.24445  cub  ft    A  cub  ft  -  .80356  of  a  struck  bushel 
The  dry  flonr  barrel  -=  8.75  cub  ft;  =  3  struck  bushels.    The  drr  biuSJ?  i^ 

—.however,  a  W«allsed  measure;  and  no  great  atteodon  is  glvenio  hs  o^Sity -^nS^ii? 
^n\!yr.  •"''•'<*«'»«»lv.    A  barrel  of  fiour  oontains  by  Uw,  loS  fts.    to  otdeSS  ?v'tSi^!?i5'S: 

~  'o^.'y  ni«*«nres  to  Brit  imp  ones  of  the  same  name  diw 
Brit  ones  to  U.  8.  mult  by  1.081616 ;  or  for  common  purpwST iSe  I^WjT 


«»ot,  __ 
barreU 


^--  —  .^  iwuMOM  ■oouia  oe  apeeilled 

bv TS.r?**«««  ^*  S.  dry 
■>/  i-osidis;  and  to  reduce  **-**  -— 
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Britlsli  ImpeHiAl  Mcuwigt,  iMili  M^nM  Jind  4rjr. 

This  syBten  Is  esUbliahed  thnrngknut  Omit  BritalB.  to  tb«  «x«liMi«o  aT  ttM  old  one*.    lu  b«sls  !• 
the  Imperfml  gallon  of  277.274  cub  ins.  or  10  »•  ftvo4r  of  pura  wai«r  lU  ibe  tciuo  ttf  62<^  Pabr.  wbta 

the  barom  is  at  30  ins.    Tlito  bnsiB  Involves  mm  error  of  about  1  part  in 

1838.  for  10  Bta  or  the  water  =  oolj  277.128  ewb  lu. 


4gllla       Ipiot 

2  pinu     1  qaart 

tqmarta  I  pottle 

2pottIe«  I  gallon...., 

SgalfcHMl  peek 

ipestw  lbiMh«L.«.. 
4bttalielslQ0Mik.... 
»eoombel^p»rter.... 


Aroir  Ibf. 
•r  wMcr. 


1.2S 
SJt 
ft. 
10. 

80.     I 
WO.     fi 
MO.     J 


Cob.  tea. 


84.0601 
•0.8166 
188.687 

fn.i7« 

654M8 
1118.101 
8872.708 
1T745.680 


0^.  fV 


l.«87 

&.U47 
lO.MOl 


Rdgeofaenbeor 
equal  oapaeitjr. 


8.1006 

4.1070 
6.1750 
6.6308 
e.ll5T 


The|mpgall=.160f6evbfk;  u<lloabft=6.ttl»|BUi.    Th« li^) gml  z  LJOOOl, 
V.  S.  liquid  galls. 


•rvtryoMriyil 


ThewsifhkorirsteraflbrdtaBeaay  waytofladttieetMieoBteiiUAf  aTeneel.   Flrrt  wefgh  tbe  Tae> 
62J  or  b J  tbe  E 


and  then  ftiU  of  water.    Tbe  dHF  wiH  be  the  wel^  ef  the  water ;  and  tbie  divided  by 
t  nHabcr  la  tke  taMe  epp  the  temp  of  walaPr  will  be  the  eoateuu  io  oab  fu 


»as  of  tlio 


To  obtjoln  tlie  slse  of  cominerclal  measare*  hy  i 
weiybt  of  water. 

At  the  eommoa  tetaperatare  of  froia  TO^  to  75^  Fah,  a  enb  foot  of  fk««h  water  welgbt  rety  approxi- 
mately 63^  B>s  avoir.  A  eubie  hair  foot,  (0  ins  OB  each  edge,)  7.78125  Be.  A  eub  quarter  foot,  <S  ioa 
OB  each  edge,)  .^7206  ft.  A  oub  yard,  1680.76  lb*;  er  .75084  ton.  A.  eub  half  yd,  (18  ins  en  eaob  edge.) 
210.004  fts;  er  JOSm  ton.  A  eub  ineh, .036024  lb ;  or  .676384 ouooe:  or  0.2222 drams :  or252.170cra£nt. 
Aa  ineh  aqnare.  and  oae  feot  long,  .48ri82  p.  AIm  1  lb  ?:  2 
adci.  Aa  eaaee,  1.785  enb  ins ;  a  ton,  86J64  enb  It,  all  a 
Original. 


I«lqal€l  Measaroa.  ^^j^^«'''- 

^  of  tfater. 

\S.  S.  OUl 26005» 

U.S.  Pint 1.0401 

U.S.  Qaart 2.0804 

U.S.  Gallon  8  lbs  5 1  OS 8J816 

U.  S.  Wuie  Barrel,  3I)i  Oall 161.13M 

Brjr  Measures. 

V.  S.  Pint. 1.1104 

U.  a.  Quart ,....    1.4108 

U.  S.  Gallon 8.6834 

U.  8.  PeiU 19.8668 

U.  S.  BnsheU  stru^ ..., 77.4670 

*  Or  4  oanoes  ;  1  drams ;  15.6625  grs. 


IJqalfl  and  Brjr.  Lbs  Avoir. 

of  Water. 

Brttlsh  Imp  Om 31214* 

**       **     Pint 1.14868 

"        **     ^^>MHrt* 1.40716 

**     Gallon 0.0886 

"       *•    Peck l».or71 

"       "     Bushel 70.8088 


•4.9M2;  or  very  nearly  6  oanoes. 

I^reneh  Heasnres. 


Centmtre .'... 

.....         J)2196t 

Decilitre 

21981 

Utn 

1.1881 

Deealitre,  or  GentiMere 

Metre,  or  Ster« 

21Ji808 

1198.0786 

t  Or  5.6271  dranu ;  or  153.866  grs. 
1 8.6168  ounces. 


METRIC  WEIGHTS  ANB  MEASUBES. 


The  French  Heire. 

■letre  was  intended  to  be  the  one  ten-millionth  part  of  ttM  dbt  fh>m  elthOr  pole  of  the 
inator  9  but  after  it  had  been  Introdooed  into  nee,  errors  were  diwovered  in  the  ealou- 


earth  to  the  equator  . , 

lations  employed  for  ascertaining  that  ^t;  so  that  the  French 
is  not  what  it  was  intended  to  be. 


I,  like  the  Brit  standard  yard. 


The  U.  S.  Oove  adopts  for  its  length  1.093623  yds  =>  3.280869  ft  =  39.370432 
ins  U.  S.  or  British  measure.   But  in  ordinary  bnsiness  transaetloiui 

ttJ7  ins  are  a  legal  metre.    At  8  ft  8.H  ins,  the  length  is  but  1  part  in  8616  too  great. 

Digitized  by  VJ  W^  V  IC 


392 


WEIQHTB  AND  MEASURES. 


Ins. 

Ft 

Yds. 

Miles 

MUlimetre* _ 

r/enUmetref 

.089370 

.39370428 

3.9870428 

39.370428 

393.70428 

Road 
measurea 

.003281 

.032809 

.8280669 

3.280869 

82.80869 

828.0869 

3t^.869 

32808.69 

".ioSsSS" 

1.093623 
10.93623 
109.3628 
1093.623 
10936.28 



Pwiinfttr«.-T,,,-,,.-,...r,TT, 

Decametre...*. " .".r.T.*.*.!.'."y 

Hectometre 

.0621375 

Kilometre 

Myriametre ., 

J621S760 
6J218750 

•  Nemrly  the  ^  pan  of  an  iaob.  t  Full  H  inel 

I  Yvj  BMrly  S  fl.  SK  IM.  wbioh  Is  too  long  hj  onlj  1  part  In  86IS. 
Freneh  Square  MeiMnre. 
B7lT.&Mi4  Britisli Btaii^M^ 


Sq.Ins. 

Sq.Feet. 

Sq.Yd8. 

Acres. 

So  Millimetre. 

.001590 
.155003 
16.5003 
1550.03 
155008 

.00001076 
.00107641 
J0764101 
10.764101 
1076.4101 
10764.101 
107641.01 
10764101 

.0000012 

.0001196 

.0119601 

1.19601 

119.6011 

1196.011 

11960.11 

1196011. 

Sq  Decimetre «.. 

Sq  Metre,  or  Centiare 

Sq  Decametre,  or  Are 

Decare  (not  used) - 

".mi4{" 

.024711 
.247110 

Hectare. 

2.47110 

Sq  Kilometre 

Sq  Myriametre ~ 

.3861090  sq  mllM. 
38.61090           •* 

247.110 
24711.0 

Freneli  <?nbie,  or  Solid  Measare. 

AMMPilac  t«  v.  B.  8ta«4*r4. 

Onlj  thoM  marked  •'  Brit "  are  British. 


MimUtre,orcub 
Centimetre.... 


Centilitre 


DeciMtre-.. 


Litre,  or   cubic 
Decimetre  ~.. 


Decalitre, 
Centistere.. 


Hectolitre,      or 
Decistere 


Kilolitre. 
Cabio    Metre, 
or  Stere 


tfyrloUtre, 
Decastere. 


€ab  Ins. 

.0610254 

.610254 
6.10254 

61.0254 

610.254 
€nb  Ft. 

.853156 

8.58156 

S6.8156 
353.156 


fLi<^uid. 
(Dry. 
j  Liquid. 

j  Liquid. 

(Dry. 

rLiquid. 

(Dry. 

(Liquid. 

(Dry. 

rLiquid. 

(Dry. 

j  Liquid. 

(Dry. 

(Liquid. 


4)084537  gill. 
.0070428  Brit  gilL 
.0018162  dry  pint. 

i)84637gill. 
.070^8  Brit  gill. 
.018162  dry  pint. 

.84537  gUl  =  .21134  pint.  • 
.70428  Brit  gUl  =  .17607  Brit  pint. 
a8162  dry  pint. 

1.06671  quart  =  2.1134  pints. 

.88036  Brit  quart  =  1.7607  Brit  pints. 

.11351  peck  =  .9081  dry  qt  =  1.8162  dry  pt 

2.64179  U.  8.  liquid  gal. 

2.20Q90  Brit  gal. 

.283783  bush  =  1.1351  peck  =  9.081  dry  qte. 

26.4179  V.  a  liquid  gal. 
22.0090  Brit  gal. 
2.83783  busb. 

964.179  U.S.  liquid  gaL) 

220.090  Brit  gal.  V  Cub  yds,  L3060. 

28.3783  bosh.  j 

2641.79  U.  S.  liquid  gal. )  r>  .     .,  ,^f^ 
283.783  bosh.  |  Cub  yds,  18.08a 
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Frencli  Welclits*  red  need  to  cominon  Commercial  or  Avoir 
IWetgUtf  or  1  poand  m,  le  oanees,  or  7000  snUBO, 


Milligramme^ ^•..~.>^*.....>.... 

Centigrainme. 

Decignmme » 

Gramme „ i 

Bf  law  a  fi-cent  nickel  »  5  grammes.. 

Decagramme........ m.......«....»m..i 

Hectogramme 

Kilogramme. , 

Myrlogramme , 

Quintal*^.... «. ., 

Toaneaa;  Millier;  or  Tonne ^ 


Grains. 
.015432 
.16482 

LMaa 

15.432 
Pounds  ay. 
.022046 
.22046 
2.2046 
22.046 
220.46 
2204.6 


Tbe  gramm*  la  the  bMis  of  French  weight* ;  and  la  the  weight  of  a  eab  o«Dtlm«tra  of  diatUled 
water  aft  iu  max  deoalty,  at  tea  level,  in  U(  of  Paria ;  baroaa  29.»X*i  iua. 

French  M^mmmvm  of  tlie  ^^Ujmtetme  Vsncl.'* 

Thla  STaten  waa  tn  vae  frooi  aboat  I81t  tolSM.  when  It  waa  fbrhMAen  by  law  to  aiieeren  itanaaaea. 
Thia  waa  dona  la  order  to  axpedlta  tbe  gaoeral  uae  of  the  tabtaa  wbiek  we  tete  before  given.  Bnt  aa 
tiM  SyattBie  Usud  appeara  In  hooka  pohliahed  daring  the  above  iatanral,  we  add  a  table  of  aoBO  of  iu 
valar 


HeABurea  of  I^enicili. 

Tarda. 

VeH. 

Inehea. 

^Ignaaanel.  or  line - 

""Mtii' 

1.S1288 
2.16727 

"'".boViV* 

1.00362 
S.0S708 
6.54181 

.•091  IS 

Peaoa  nanol,  or  ineh.  =  1 
Pied  nanel.  or  foo(.«=  12 
Anne  nanel.  or  ell 

Sllgnea 

1.09362 

13.12344 

po                 . 

47.245 

Toiaa  nanel,~**6plada 

76.74172 

Weights.  TTsneL 

Oablo,  or  Solid.  XTsneL 

OraIn  nanel...... 

J376  graina. 
«.»7       •♦ 

1.10258  avoir  OS. 
.55129  avoir  lb. 

1.10258  avoir  lb. 

Litron  nanel.  or  lUtre 

=:  1.7606  BriUah  plat. 

Oroa  nanel...... 

Onee  nanel 

llare  nanel 

2.7512  BHil«h  Ml>. 

Uvre  nanel.  } 

Before  1812,  or  before  the  "Syateme  nanel,"  the  Old  Syatem,  "  Byateme  ADoien,"  waa  in  uae. 

French  Measures  of  the  *^Systeme  Aneien.'* 


Lineal. 

Sqnara. 

Cable. 

Pmntanelen,  .0148lna 

Sq.ina. 
.00789 
1.1359 

Sq.ft. 

'i.'is59 

40.8908 

8q.yda. 
4.54S4 

C.  ina. 
.0007 
1.2106 

Cfl. 

1.2106 
261.482 

C.yda. 

F^^aneian.  1.065771ns— .0886  ft 

Pled anolmi,  irTMH<n«--VM»77  rt..., 

TutManal«n'=-6S046ft=-2  1S1&  vda. 

96845 

il^^m^—  9Sn  tMrnt^  —  i-imi  iiw  ■ 

Tbare  la,  however,  much  eonfuaion  about  theae  old  nieaaurea.    DifliBrent  nieaaurea  had  the  aaaie 
aame  la  dillinrant  provinoea. 

•  Tlw  avokdtipoit  quintal  ia  100  avoirdupoia  pounda. 
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Riisslaii. 

Footf  Mme  m  U.  S.  or  Brilish  twt.  Saalilm*  =«  7  feet.  Temt  =  500 
g«chin«  s 3500  feet  =»  1166^  yards  ==  .6629  mile.  Pood  =  36.114  lbs  avoirdupois. 

Spantolt. 

Tlie  eastellmio  of  Spain  and  New  Granada,  for  weighing  gold,  is  Tariously 
estimated,  from  71.07  to  71.04  grains.  At  71.055  grains,  (the  mean  between  the 
two,)  an  avoirdnpots,  or  common  eommercial  ounce  ooniaina  6.1572  castellano ; 
and  a  lb  avoirdupois  contains  98.515.  Also  a  troy  ounce  a*  6.7553  castellano ;  and 
a  troj  9)  =  81.064  castellaBo.   Three U.  S.  gold  dollars  weigh  about  1.1  castellano. 

The  SpaniBli  nkmwtL^  or  maroo,  for  precious  metals,  in  South  America, 
may  be  taken  in  practice,  as  .5065  of  a  lb  avoirdupois.  la  Spain,  .5076  lb.  In 
other  parts  of  Europe,  it  has  a  great  number  of  values :  mo«t  of  them,  however, 
being  between  .5  and  J$4  of  a  pound  avoiidupois.  The  .5065  of  aB>  =  3545>^ 
grains ;  and  .5076  lb  =»  S553.2  grains.  1  marco  =>  50  casteUanoe  —  400  tomino  — 
4800  Spanish  j^M-grains. 

The  arroba  has  various  values  in  different  parts  of  Spain.  That  o#<3h- 
tile.  or  Madrid,  is  25.4025  lbs  avoirdupois;  ilie  toaeiada  of  fla^flii  -c  2032L3 
Bm  avoirdupois;  Oie  quintal  =  101.61  lbs  avoirdai^fsis;  tlw  Hhra  *=  1.0161 
l>s  «voird«pois;  tlM  ffantaira  of  wina,  Ae,  «f  Castile  -«  4.263  U.  S.  gaUons; 
that  of  Havana  »  4.1  gaHom. 

The  wara  of  Castile  =  32.8748  inches,  or  almost  precisely  82J<  inches ;  or  2 
feet  %%  inches.  The  rattegrAda  of  land  since  1801  =  1.5871  acres  =-  69134.08 
square  feet.  The  fenegra  of  corn.  Ac  =  l..'i9914  U.  S.  struck  bnshels.  In 
California,  the  vara  by  law  =  33.372  U.  S.  inches;  and  the  leffuia  =  5000 
varas ;  or  2.6335  U.  S.  mUes. 
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CIvfl,  <Mr  OMMiiott  <Sock  VIbim. 


60  thtrd«,  marked  ** 

aOteooiMH 

•0  minatM 

7d»7« 
4wwks 


1  Moond,  marked  ". 

1  mioate '. 

Iboor.zteOO  MO. 

1  eirU  day.  =  1440  mki.  =^  W4Q0  mo. 

1  week.  =  108  heart  =  10060  mln. 

1  eiril  month,  =  S8  days  =  87'i  hoar*. 


F«r  SdMidard  Riktlwajr  Time,  aee  p  396. 

13  elYtl  moviha,  (or  U  w«ekt.>  1  dqr. ft  heora. 4« mfa.  4»^  Me:  er an  d«j«,6  henM.a  mla. 49^ 
■ee,  =  1  etvll  year.  A  mtHmr  tmf  U  the  ttee  feeHnen  two  eoeoeaeir*  aelar  mow,  or  traaitu  ef  the 
Mui  oTor  the  meridian  of  a  plaee.    ThOM  towrrala  aro  nei  of  eonal  Icoctbs  all  the  year  ronnd. 


the 


arerage  lenftb  of  all  the  eoiar  days  is  oalled  the  wt»mM.  aalar  4mj\  and  is  the  same  as  the  eomm 

eiril  day  of  34  hoora  of  eloek  time.    01^1  noon  Is  at  12  o'elojk ;  but  solnr.  or  aimarvnt 

about  14K  mln  befbre :  er  n^  mln  afler  11  of  eorreet  cledt  time.    A  OlAeMia  day  Is  the  imerral 


^arvnt  noon,  may  be 


bei««en  two  pnseaieo  of  the  same  star  past  the  ma^eor  ftwo  fixed  ot^eoM;  and  is  the  precise  time 
mqd  for  one  eomplete  rev  of  the  earth  on  ks  aKi*.  Tho  aMsrenl  day  never  varies:  bwt  is  always  eqaal 
to  'iS  hoars,  06  min,  4-00  see  }•  so  that  a  sUr  will  on  any  night  appear  to  set.  or  to  pass  the  range  of 
any  two  fixed  objeote.  8  mio,  53.91  nee  earlier  by  the  olocc,  than  it  did  on  the  night  before,!  so  that 
the  nambAr  of  widrreal  days  in  aolvff  y««r  Is  I  grfttter  then  ihatorMietflvH  days. 

Am  anliaHnMlcinl  imj  begins  at  noon,  and  iu  hours  are  oounted  ftrom  0  to  34.    In  eompariag  it 
with  tbt;  ervti  day ,  toe  ta«t  is  sttf^osed  to  begin  at  the  midnight  ft^^bre  the  noon  at  whioh  the  flrat  Ugnu 


Astronomers  are  now  (1884-5)  takinc 
with  the  ciTil  day. 


to  nake  tksir  *'<iay*'  correspond 


TABIiE  sbowlns  kow  mneli  etuplier  i%  star  iMUMes  a  iriveii 
ranfpe,  ott  eaeli  saeeeMUng:  ttlsbt.— (urigiuHl.) 


Nighu. 

Mln. 

Seo. 

NlBhU. 

H. 

Min. 

Seo. 

"'!!"•• 

H. 

Mln. 

Bee, 

8 

65.91 

48 

15.01 

1 

22 

84.11 

7 

61.82 

47 

10.92 

22 

s 

80.02 

11 

47.78 

61 

6.88 

28 

25.98 

16 

48.64 

66 

1.74 

M 

84 

11.84 

It 

89.65 

68 

68.65 

26 

88 

1T.76 

S8 

86.46 

1? 

S 

g:S? 

26 

8 

18.66 

27 

81.87 

6 

27 

l& 

81 

17.28 

18 

10 

46.S8 

28 

60 

86 

».1» 

19 

14 

42.99 

29 

64 

1.89 

10 

86 

1900 

» 

18 

88.20 

80 

81 

67 

1 

67J» 
68.21 

«  This  si  VMidi  ■Mans  •!  ravalaUntf  a  watefe  wilh  maoh  aoovracy  and 

bw  a  vnry  slmpis  proeosa.  The  wrlmt.  after  having  regnlatod  Ms  ehroaemeter  wateh  fir  a  year  br 
this  method  only.  dUlbred  bnt  a  few  eeooada  from  tha  aetoal  time  m  dedooed  trom  oareCul  solar oboer« 
vations.  Kven  a  person  not  aooustomed  to  ranging  ofajeots  very  aocarately.  need  soaroeir  err  a  min* 
ate  in  a  period  of  any  nomber  of  years.  It  having  ocourred  to  blot  that  the  motion  of  a  star  in  a 
seeond  or  two  might  bo  visible  to  the  naked  oje.  he  Mook  a  pin  faorisontally  into  a  wtndow-Jamb ;  and 
plaeing  his  eye  olose  to  it,  sighted  along  one  side  of  it.  at  a  large  star  setting  behind  the  top  of  a  roof 
ahont  no  fast  distant,  aad  fenad  that  his  oonjeomra  was  oerreot.  Those  stars  whioh  are  farthest 
fh>m  the  poles  appear  to  move  tlie  fastest,  and  are  therefore  the  best.  Those  less  than  of  the  seeond  mag- 
nltade  are  not  sattsfisctory.  If  the  first  observations  of  a  given  sUr  be  made  as  late  as  midnight,  that 
same  star  will  answer  fbr  abent  tiiree  months,  nntll  at  last  it  will  begin  to  pass  the  range  in  davHght. 
Before  this  baMMas,  the  observer  must  traasfer  the  time  to  another  star  whioh  sets  later;  if  near 
midnight,  the  hotter,  as  it  will  serve  for  a  loager  time  A  window  looking  west  is  the  bmt.  The 
longer  the  range,  the  greater  will  be  the  apparent  motion  of  the  star ;  and.  oonseqoently,  the  obser* 
vations  will  be  more  oorreet.  If  saoh  a  range  can  be  seoored  as  win  strike  the  heavens  at  an  angle 
of  at  least  40^  above  the  horizon,  the  error  from  refrsotion  will  not  appreoiably  afSBOt  an  observation ; 
at  a  moeh  less  aaglo  It  may  do  so  to  the  extent  of  three  or  four  seeoads.  A  eondlemast  be  so  plaeed 
as  to  render  the  pin  aad  the  wateh  visible  at  the  saasa  time.  A  little  praetlee  will  reader  the  prooses 
iwy  easy,  and  supersede  the  neoessity  for  more  remarks  on  tho  sntiiieet.  Of  oonrse,  a  memorandum 
mast  be  made  and  preserved  of  the  date,  boar,  minute,  and  (approximatdy)  Second,  at  which  the 
first  passanof  the  star  took  place.  Subsequent  passages  will  occur  earlier,  as  shown  in  the  ferego> 
lag  table.  ^Fbe  wateh  mast  be  prevlbasi  v  known  to  he  right,  when  taking  Urn  first  obeervatioa,  if  w« 
reaaian  afterward  to  baep  the  omveot  Ume.  Aay  persoi  who  wiU  take  tlm  trouble  thns  to  observe, 
and  note  down  throughout  a  year,  about  half  a  dosen  sUrs  following  eaoh  other  at  tolerably  equal 
intervals  of  time,  will  on  almoei  any  elear  night  afterward  be  able,  after  a  short  oalcnlation.  te  asoer- 
tain  the  oorreet  olook  time.  Tne  writer  observed  the  passages  of  two  or  three  stars  behind  diflterei^t 
ranges,  on  the  same  nights.  In  order  to  obtain  a  mean  of  several  obsorvatlOne  t  Ms  object  being  to 
jeeeruin  iww  poekat  ohronomoters  of  the  best  makers  would  keep  time  nader  the  viodesitudss  of  tem« 

Crature.  railroad  travelling,  4o,  Ao,  to  whioh  they  are  ordinarily  exposed.    Be  used  two  of  the  beat 
•  tbU  purposo.  and  the  result  was  that  their  chances  of  rati  were  at  times  as  great  as  from  three  to 
eight  seoonds  per  d^y.    Tor  ordinary  purposes,  therefore,  they  are  of  but  UtUe,  tf  say,  mors  servlos 
than  a  go6d  oomaHm  watoh,  of  one-fourth  the  oosU 
t  Mors  soevratsly  8  mU.  OftJOfiM  ISO. 


y  Google 


STANDARD   RAILtV^AY   TIME. 

STAMDARA  RAII«WAT  TIMJE*  ABOPTED  188S. 

The  following  arrHtigement  of  standard  time  was  recommended  by  the  General 
and  Southern  Time  Conventions  of  the  railroads  of  the  United  States  and  Canada, 
held  respectively  in  St.  Louis,  Mo.,  and  New  York  city,  April,  1883,  and  in  Chicago, 
III.,  and  New  York  city,  in  October,  1883,  and  went  into  effect  on  most  of  the  rail- 
roads of  the  United  States  and  Canada,  November  18th,  1888.  Most  of  the  principal 
cities  of  the  United  States  have  made  their  respective  local  times  to  correspond  with 
it.  This  system  was  proposed  by  Mr.  W,  F.  Allen,  Secretary  of  the  Time  Conven- 
tions, and  its  adoption  was  largely  due  to  his  effbrts.  We  are  indebted  to  Mr.  Allen 
for  documents  from  which  the  following  has  been  condensed.  Five  standards  of  time^ 
or  Ave  *'  times,*'  have  been  adopted  for  the  United  States  and  Canada.  These  are, 
respectively,  the  mean  times  of  the  fiOth,  75th.  90th,  lO&th,  and  120th  meridians  west 
of  Greenwich,  England.  As  each  of  these  meridians,  in  the  above  order,  is  lb°  i^est 
of  its  predecessor,  its  tijne  is  one  hour  slower.  Thus,  when  it  is  uoou  on  the  QOth 
meridian,  it  is  1  p.m.  on  the  75th,  and  11  a.  m.  on  the  105th.  The  following  gives 
the  name  adopted  for  the  standard  time  of  each  meridian,  and  the  conventional 
color  adopted,  and  uniformly  adhered  to,  by  Mr.  Allen,  for  the  purpose  of  desi|(uat- 
ing  it  and  its  time,  Ac,  on  the  maps  published  under  his  auspices: 


Ijongitnde  west 

Name  of 

Conventional 

from-Greenwidi. 

Standard  Time. 

color. 

eop 

Intercolonial. 

Brown. 

760 

Eastern. 

Red. 

90° 

Oenttal. 

Bhie. 

106° 

Monatain. 

Qreen. 

120° 

Pacific. 

Yellow. 

Theoretically,  each  meridian  nmy  be  said  to  give  the  time  for  a  strip  of  country 
15°  wide,  running  north  and  south,  and  having  the  meridian  for  its  center.  Thus 
the  meridian  on  which  tlie  change  of  time  between  two  standard  meridians  is  snp- 
I>08ed  to  take  place,  lies  half-way  bet\yeen  them.  But  it  would,  of  course,  not  be 
practicable  for  the  railroads  to  use  an  imaginary  line  in  paning  from  one  time 
standard  to  another.  Tlie  cliaugee  are  made  at  prominent  stations  forming  the  ter- 
mini of  two  or  more  lines;  or,  as  in  the  case  of  the  long  Pacific  roads,  at  the  ends 
of  divisions.  As  far  as  practicable,  points  at  which  changes  of  time  had  previously 
lieen  made,  were  selected  as  t!ie  changing  points  under  the  new  system.  Detroit, 
Mich..  Pittsburgh,  Pa,  Wheeling  »ih1  Pm^trs^rg,  W,  Vs.,  and  Avgnsta,  Ga.,  al- 
though not  situated  upon  the  same  meridian,  are  points  of  change  lietween  tattem 
and  central  standard  times.  A  train  arriving  at  Pittsbnigh  from  the  east  at  noon, 
and  leaving  for  the  west  10  minutes  after  its  arrival,  leaves  (by  the  figures  shown 
upon  its  time-table,  and  by  the  watches  of  its  train  bands)  not  at  10  minutes  after 
12,  but  at  10  minutes  after  11. 

The  necessity  for  making  the  changes  of  time  at  principal  points,  instead  of  on  a 
true  meridian  line,  necessitates  also  some  **  overlapping  **  of  the  times,  or  of  their 
colors  on  the  map.  Thus,  most  of  the  roads  between  Buffalo  and  Detroit,  on  the 
nortfi.  side  of  Lake  Erie,  rnn  by  ** eastern,"  or  **red,"  time;  while  those  on  the  $tmtk 
side  of  the  liake,  between  Buffalo  and  Toledo,  immediately  opposite  to  and  directly 
sonth  of  them,  run  by  **  central  *'  or  "  blue  "  time. 

If  the  changes  of  time  were  made  at  the  meridians  midway  between  the  standard 
ones,  it  would  not  be  necessary  for  any  town  to  change  its  time  more  than  30  min- 
utes. As  it  is,  somewhat  greater  changes  had  to  be  made  at  a  few  points.  Thus, 
standard  time  at  Detroit  is  32  minutes  ahead,  and  at  Savannah  SO  minutes  back,  of 
mean  loc^  time. 

In  most  cases  the  necessary  change  was  made  upon  the  railways  by  simply  setting 
clocks  and  watches  ahead  or  back  the  necessary  number  of  minutes,  and  without 
making  any  change  in  time-tables. 

Hali&x,  and  a  few  a4Jacent  cities,  use  the  time  of  the  fiOth  meridian,  that  being 
the  nearest  one  to  them ;  but  the  railroads  in  the  same  district  have  adopted  the 
75th  meridian,  or  eastern,  time;  so  that,  for  railroad  purposes,  intercolonial  time 
has  never  come  into  force. 

In  1873  there  were  71  time  standards  in  use  on  the  railroads  of  the  United  States 
and  Canada.  At  the  time  of  the  adoption  of  the  present  system,  this  number  had 
been  reduced,  by  consolidation  of  roads,  Ac,  to  .^3.  By  its  adoption,  the  number  l«e- 
OHme  5,  or,  practically,  4,  owing  to  the  adoption  of  eastern  tiiue  by  the  iutercolbiUal 
>'««as,  as  already  explained. 
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DIAUJNQ. 

T«  make  a  horiaontel  San-dlalt 


From  M17  oonTenlent  point,  «•  «, 


]fftk«  tlM  Migl« cao  equftl  to  tke  Ut of  the pUoe }  nUo 
■MM ;  Join  o  e.  Make  e  «  Mnal  to  o  «;  «id  Arom  mm* 
cribo  a  quadrant ««;  and  diT  it  into  6  oqnal  parts.  Draw* 


Draw  a  line  a  h ;  and  at  right  angles  to  it,  draw  66. 
in  a  b,  draw  the  perp  6  o. 
the  angle  e  o  e  equal  to  the 
center,  with  the  rad  e  n,  describe 
y.  parallel  to  6,  6;  and 

from  ft,  through  the  6  ^  DIAL 

points  on  the  quadrant, 
draw  lines  i»  ^  «  i,  *c, 
terminating  in  e  y.  Fronk 
adraw lines  a  6,  a  4,  Ac, 
passing  through  i,  t,  Ac 
From  anj  convenient 
point,  as  c,  describe  an 
src  r  a»  A,  as  a  kind  of  fin- 
i«h  or  border  to  half  the 
dial.  All  the  lines  may 
now  be  effHced.  exce|^ 
the  hour  lines  a  6,  a  6, 
0  4,  Ac,  to  a  12,  or  a  A; 
unless,  as  is  generally 
the  case,  the  dial  is  to 
be  dirided  to  quarters 
of  an  hour  at  least.  In 
this  case  each  of  the 
divisions  on  the  quad- 
nate  «,  must  be  subdivided  into  4  equal  parts;  and  lines  drawn  ft-om  fi,  through 
the  points  of  subdivision,  terminating  in  e  y.  The  quarter-hour  lines  must  be  drawn 
from  a,  as  were  the  hour  lines.  Subdivisions  uf  d  min  may  be  made  in  the  same 
vay ;  bat  these,  as  well  as  single  min,  may  usually  be  laid  ofT  around  tlie  border,  bv 
eyo-  About  8  or  10  times  the  siie  of  our  Fig  will  be  a  convenient  one  for  an  ordi- 
nary dial.  To  draw  the  other  half  of  the  Fig,  make  a  d  equal  to  the  intended  thick- 
Mas  of  the  gnomon,  or  style,  of  the  dial ;  and  draw  d  12,  parallel,  and  equal  to  a  12 ;  and 
draw  the  arc  xgw^  precisMy  similar  to  the  arc  r  m  A.  Between  x  and  10,  on  the  arc  a^^ir  w, 
spnce  off  divisions  equal  to  those  on  the  arc  r  m  /*;  and  number  them  fur  the  hours, 
as  in  tlie  Fig.  The  style  F,  of  metal  or  stone,  (wood  is  too  liable  to  warp,)  will  be 
triangular;  its  thickness  must  throughout  be  equal  to  a cf  or  Aw;  its  base  must 
cover  the  space  adhvo\  its  point  will  be  at  ad;  and  its  perp  height  h  u,  over  Aw, 
mnst  be  such  that  lines  ed,  «a,  drawn  from  its  top,  down  to  a  and  d,  will  make  the 
M^es  uah^vdw.  each  equal  to  the  lat  of  the  place.  Its  thickness,  if  of  metal,  may 
conveniently  be  fkrom  ^  to  ^  inch ;  or  if  of  stone,  an  inch  or  two,  or  more,  according 
to  the  sise  of  the  dial.  Usually,  for  neatness  of  appearance,  the  back  A  «  v  w  of  the 
style  is  hollowed  inward.  Hie  upper  edges, «  a,  vd,  which  cast  the  shadows,  must 
be  sharp  u>d  straight.  The  dial  must  be  fixed  in  place  lunr,  or  perfectly  level ;  ah 
and  dw  must  be  placed  truly  north  and  south ;  ad  being  south,and  Aw  north.  The 
dial  gives  only  sun  or  s(4ar  time ;  but  clock  time  can  be  found  l^  means  of  the  "tet 
or  slow  of  the  sun,**  as  given  by  all  almanacs.  If  by  the  almanac  the  sun  is  6  min, 
Ac,  fast,  the  dial  will  be  the  same;  and  the  clock  or  watch,  lo  be  eomct,  most  be  5 
Kin  slower  than  it ;  and  vice  versa. 

To  make  a  Tertlcal  SnB*IHal. 

Proceed  as  directed  above, except  that  the  angles  eao  and  000  on  thedrawinfr, 
and  the  angle  «aA  of  vd  w  of  the  style,  must  he  equal  to  the  «»-l«tUade  («  dif- 
ference between  the  latitude  and  W^  t4  the  p1ar«,  and  the  hours  must  be  mim- 
bered  the  opposite  way  from  those  in  the  above  figure ;  i  a,  from  A  to  y  number 
12, 11, 10,  »,  8, 7 ;  and  from  to  tog  number  12, 1, 2,  8,  4,  5.  The  dial  plate  must  be 
placed  vertically,  in  the  position  shown  in  the  figure,  facing  exactly  south,  and 
with  a  A  and  dw  vertical. 
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398  WEIGHT  OP  CAST-IRON, 


TABIiE  or  WISIOHT  OF  CAST  IBOIT.* 

The  wetgrlit  of  i%  pattern  of  perfectly  Arj  wlil(e  pine,  if  mult 
by  20,  will  give  approximately  the  wt  of  the  casting.  If  Well  Reasoned,  bnt  still  not 
perfectly  dry,  mult  by  19,  or  by  18. 

Adsnming  460  ftw  to  a  cub  ft,  a  pound  contains  3.8400  cubic  inches ;  a  ton  5  cab  ft; 
and  a  cubic  inch  weighs  .2604  &>s. 


t  Wis  of  iHftlls  are  as  the  cubes  of  their  diams.    See  table,  p  416. 
To  find  tlie  wel|plit  of  a  spherical  shell.   From  the  weight  of  a  ball 
which  has  the  outer  diam  of  the  shell,  take  the  wt  of  one  which  has  its  inner  dian. 


*  For  Copper,  mult  by  1.2 ;  Lead,  mult  by  1.6;  Brtiss,  add  l-7th ;  Zinc,  mnlt 
by  .97.    All  approximate.    SeeUble,41&. 
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WEIGHT  OP  CAST-IROW  PIPES.  399 

WEIGHT  or  €AST.I]lOir  PIPES  per  raniilii|r  foot. 

ABsaming  the  weight  of  cast-iron  at  460  lbs  per  cub  ft,  or  .2604  lb  per  cnb  inch.  No 
ulluwance  is  here  made  for  the  spigot  and  faucet>Joints  used  in  water-pipe«i.  As 
thesQ  ara  vow  cannioiily  nada,  (sea  Ftg  88,  yaga  304,)  tbef  aid  ta  tka  Weight  of 
each  length  or  section  of  pipe  of  anv  size,  abont  as  mnch  as  tha^  of  8  inches  in 
length  of  the  plain  pipa  as  gfren  in  the  table. 

For  leit€l»pipe  mnlt  by  1 .0 ;  tapper,  mntt  by  1.2 ;  brass,  add  14th ; 
Wel<led  Iron,  mnlt  by  1.0667,  or  add  one  fifteenth  part. 


For  wiarmf  HIP  balldlnffs  bj-  nteam  it  nsnally  sniBces  to  allow  1  sq  ft 
of  cast  or  wronght  pipe  surface  fur  each  120  cub  ft  of  space  to  ba  warjyiad^  audi,  cub 
ft  df  boilar  fi>r  eacn  2000  cub  ft  of  such  space. 
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WEIGHT  OP  WBOUOHT  IRON  AND  STEEL. 


Tabl«  •r  W«lfflii  of  WHO VeHT  IBOIT*  Mid  STEEI- 

Wrought  iron  is  here  taken  at  485  ttwDer  cub  ft ;  or  a  sp  gr  of  7.77.  Teiy  pure 
soft  wrought  iron  weighs  frdfai  488  to  492  ftn  per  cubic  foot.  Light  weight  indicatefl 
impurities,  and  weaknew.  Steel  weighs  about  490  fba  per  cubic  foot ;  therefore,  for 
Steel,  AB  Mdilition  muAt  be  made  to  tbe  tabular  annoimto,  of 
about  1  pound  in  lOO  Iba. 

At  485  ttw  per  cob  ft,  a  eubio  iii<^  weigiM  SMtfl  l> ;  a  l>  contains  3.5629  cub  ins ; 
and  a  ton,  ^ttl86  cub  ft ;  and  this  is  about  the  average  of  fiammered  iron.  The  usiwl 
assumption  is  480  Sm  per  cub  ft ;  which  is  nearer  the  average  of  ordinary  mUed  iron. 
At  480  S^,  a  cubic  inch  weighs  .2778  of  a  9);  a  9)  contains  3.6  cub  ins ;  a  ttm,  4.6667 
cub  ft ;  a  rod  of  1  sq  inch  area»  weighs  10  lbs  per  yard ;  or  3^  lbs  per  foot,  exactly. 
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To  And  tlie  welirlit  of  a  nplierleal  sliell.    From  the  weight  of  a  ball 
which  has  the  outer  diam  of  the  shell,  take  the  wt  of  one  which  has  its  inner  diion. 

*  For  Copper,  add  l-7th  ptrt.    Lead,  mult  by  1.47.    Brass,  mult  by  106. 

■"inc,  molt  by  J».    Tin,  mult  by  .96.    All  apprc-* *■ ""  '  '"" 


)  approximate,   floe  table,  p  416. 
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Weight  oft  a  in  lenetb  of  FI.AT  ROI^I^ED  IROlf ,  at  480  llw  per 
enbie  foot.  For  castiron,  deduct  jC  {>art ;  for  steel,  ndd  ^ ;  for  oopper,  «4d 
^;  for  cast  brass,  add  ■>[j;  for  lead,  add  ^;  for  ziac,  deduct  -j^^. 
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4.660 

6.210 

6.514 

7.818 

8428 

1%« 

^ 

.6770 

1.354 

2.081 

2.708 

8.385 

4.062 

4.738 

5.416 

8.770 

8.124 

9.478 

!?3 

.7031 

1.406 

2.109 

X812 

3.516 

4.218 

4.921 

6.625 

7.032 

8.436 

9.842 

ff 

.7201 

1.458 

2.188 

2.916 

3.646 

4.375 

ffi 

5.833 

7.291 

8.750 

10.21 

11.66 

y^ 

.73.% 

1.511 

3.266 

3.021 

3.777 

4.533 

6.042 

7.564 

9.086 

10.68 

12.08 

Ij 

.7812 

1.562 

2.30 

3.125 

3.906 

4.686 

5.468 

6.26 

7.8U 

9.872 

10.94 

12.60 

yc 

.8070 

1.614 

2.421 

3.229 

4.035 

4.842 

6:66 

6.458 

8.070 

0.684 

1139 

U.92 

** 

.8313 

1.666 

S.MO 

8488 

4.166 

5.000 

6.838 

6.666 

8.333 

10.00 

11.66 

13.33 
13.75 

H 

.85»5 

1.719 

2.578 

8.438 

4.297 

5.136 

6.016 

6.875 

8.594 

10.31 

12.03 

H 

.8835 

1.771 

2.636 

3342 

4.427 

5.312 

6.198 

7.083 

8.854 

10.62 

12.40 

14.18 

H 

.9115 

1.823 

2.734 

8.616 

4.557 

5.468 

6.880 

7.291 

9.114 

10.94 

12.76 

14.58 

H 

.9875 

1.875 

2.812 

3.750 

4.687 

5.624 

6J62 

7.560 

.  9^374 

1U» 

13.12 

15.00 

..9636 

i.9n 

2.891 

8.864 

4.818 

5.782 

6,745 

7.708 

9.686 

11.56 

13.49 

15.42 

^ 

Aa& 

1.979 

2.966 

3t9»8 

4.947 

5.936 

6J)i6 

7.917 

9.894 

11.87 

13.85 

15.88 

w 

1.016 

2.031 

3.048 

4.062 

5.080 

6.0M 

7.112 

8.125 

10.16 

12.19 

14.22 

18.26 

6. 

1.012 

2.088 

3426 

4.166 

5.210 

625 

1291 

8333 

10.42 

12.50 

14.58 

16.66 

)< 

1.068 

2.196 

3.204 

4.271 

5..<i40 

6.408 

7.476 

8.542 

10.68 

12.81 

14.95 

17.08 

1.094 

2.188 

8.282 

4.375 

5.470 

6.564 

7.658 

a760 

10.94 

13.13 

15.31 

17.50 

1.190 

2.240 

3.860 

4.479 

5.600 

6.720 

7.840 

8.958 

11,20 

13.44 

15.68 

17.92 

^ 

1.146 

2.292 

8.438 

4.584 

5.730 

6.876 

8.022 

9.167 

11.46 

13.75 

16.04 

18.88 

§ 

1.17i 

2.344 

3.516 

4.687 

5.860 

7.032 

\^ 

9.375 

11.72 

14.06 

16.40 

18.76 

1.198 

2896 

3.594 

4.791 

6.990 

7.188 

1^680 

11.98 

14.37 

i6.n 

19.16 

X 

1.224 

2.448 

8.8Tt 

4.886 

6.120 

7.344 

&568 

9.792 

12.24 

14.69 

SSJ 

19.58 

c 

1.230 

2.500 

3.750 

5.000 

6.250 

7.600 

8.750 

10.00 

12.50 

15.00 

20.00 

^ 

L276 

2.552 

3.828 

5.104 

6.380 

7.656 

8.932 

10.21 

12.76 

15.81 

17.86 

20.42 

^ 

1.302 

2.604 

8.906 

5.208 

6.510 

7.812 

9.114 

10.42 

13.02 

15.62 

18.23 

20.88 

1.328 

2.6&7 

8.984 

6.313 

6  640 

7.968 

9.297 

10.63 

13.28 

15,93 

lejo 

u 

^ 

1.354 

2.708 

4w063 

5.417 

6.no 

8.126 

9.480 

10.83 

13.54 

16.25 

18.96 

t^ 

1.381 

2.761 

4.143 

5  521 

6.906 

8.286 

9,668 

11.04 

13.81 

16.57 

19.33 

22.08 

1^ 

1.406 

1:14! 

4.218 

5.625 

7.030 

8.436 

9.843 

1L25 

14.06 

16.87 

19.69 

32.50 

V 

1.432 

4.29$ 

6.729 

7.160 

8.592 

10.02 

11.46 

14.32 

17.18 

20.04 

22.92 

T. 

1.458 

2.918 

4.875 

6.888 

7.291 

a750 

\9a» 

11.66 

14.58 

17.60 

20.42 

23.88 

^ 

1.484 

2.988 

4.452 

5.938 

7.420 

8.904 

10.39 

11.87 

14.84 

17Jtt 

20.78 

23.75 

^ 

1.511 

8^021 

4J>33 

6.042 

7.555 

9.060 

10.58 

12.08 

15.11 

18.18 

21.16 

24.16 

^ 

1.636 

3.073 

4.608 

6.146 

7.680 

9.216 

10.75 

12.29 

15.36 

18.48 

21.50 

24.38 

K 

8^25 

4.686 

6.250 

7.810 

9.372 

10.93 

12.50 

15.62 

18.74 

21.86 

25.00 

K 

tsi 

3.itr 

4.764 

6.354 

T.940 

9.528 

11.12 

12.71 

15.88 

19.88 

22.24 

16.42 

^ 

1229 

4.845 

6.4S8 

8.075 

9.090 

11.81 

12.92 

16.15 

19.88 

31.62 

25.88 

H' 

liftl 

8.28r 

4.028 

6.362 

8.206 

a.846 

11.48 

13.13 

16.41 

19.69 

22.96 

26.25 

8. 

1.666 

3.833 

5.000 

6.666 

8.338 

10.00 

11.66 

13.33 

16.66 

30.00 

23.33 

26.68 

^ 

1.693 

8.386 

5.079 

6.771 

8.455 

10.15 

11.85 

13.54 

16.91 

20.30 

23.70 

27.08 

3{ 

1.719 

8.438 

6.157 

6.875 

8.595 

1^.31 

12.08 

1.3.75 

17.19 

20.61 

24.06 

27.50 

^ 

1.745 

8.489 

5.296 

6.979 

8,721 

10.47 

12.21 

13.96 

17.45 

20.94 

24.42 

27.92 

3{ 

i.ni 

8.542 

5.313 

7.083 

8.855 

10.63 

12.40 

14.17 

i7.n 

21.26 

24.80 

28.33 

^ 

1.79T 

8J594 

5.891 

7.188 

8.985 

16.78 

12.58 

14.37 

17.97 

21.56 

25.16 

28.75 

|{^ 

1.828 

Sv64« 

6.469 

7.292 

9.115 

10.94 

12.76 

14.58 

18.23 

21.88 

25.62 

29.17 

V 

1.848 

8.606 

5.54T 

7.596 

9.245 

11.09 

12.94 

14.79 

18.48 

22.18 

26.88 

2938 

f. 

L875 

8.t50 

6.626 

7.600 

9.376 

U.26 

18.12 

15.00 

18.75 

22.50 

2634 

30.00 

K 

1.901 

8.802 

6.708 

7.604 

9.505 

11.41 

13.31 

15.21 

19.00 

22.81 

26.62 

30.42 

1.927 

;:» 

6,781 

j:lS 

r.ei6 

9.635 

1,L56 

18.49 

15.42 

19.27 

23.12 

26.98 

30.83 

g 

1J6S 

6.859 

\^- 

11.72 

13167 

15.62 

19.53 

23.44 

27.84 

31.25 

1.979 

8.068 

5.937 

11.87 

18.86 

15.84 

19.79 

28.74 

27.76 

31.67 

g 

2.006 

4.010 

6.015 

8.021 

10.02 

12.03 

14.04 

16.04 

20.04 

24.06 

28.08 

32.08 

2.031 

4.062 

6.093 

8.125 

10.18 

12.18 

14.21 

16.25 

20..32 

24.36 

28.42 

32.50 

yc 

2.067 

4.114 

6.171 

8.229 

10.29 

12.84 

14.40 

16.46 

20.58 

24.68 

28.80 

32.92 

10. 

2.686 

4.186 

6.250 

8.333 

10.41 

12.50 

14.68 

16.66 

20.82 

26.00 

29.16 

33.38 

)i 

2.108 

4.219 

6327 

8.438 

10.55 

12.65 

14.76 

16.87 

21.10 

25.30 

39.52 

83.76 

X 

2.186 

4.270 

6.405 

8.541 

10.67 

12.81 

14.94 

17.08 

21.84 

25.62 

29.88 

84.17 

30 
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IBOK    AND   STEEL. 


Welsbt  of  1  It  in  length  of  *XAT  Ml.1.1^  IBOW,  at  «d  m 
WeiffDS  oi  m  .1.  »     j^^,»„,jic  foot-(Continued.)  


XHICKNBSS  IN  INCHES. 
M         5-16         «         7-16         H  H 


IrAn  Imra*  Base  price,  or  price  for  "  ordinary  sizes  " ;  x  e,  from  %  »nctt  ^^ .*  »™ 
dl!?i?t.J^nd  SS?.SuS^;  aSd  f«>m  1  X  ^  mch  to  6  >< ^J^fiJ^^i^^'^SSrS 
merchant  qxxality,  called  "  refined  ",  2  cte  per  lb ;  •Extra  refljed  and  ^«y«»i  » 
ctsperft.  Sizes  larger  or  smftller  than  "ordinary"  bring  highw  prices  p«r»^  The 
"  effm"  or  charge  in  uddUion  to  the  above  base  pncMncreas^  Sf2?,^i"S  iJL 
ctCft  for  »4  tnch  round  and  square ;  2^  cts  for  7  *«2S  rjJii^^lTS^rww 
for%;  X  A  inch  flat :  and  1.1  cts  for  12.  X  2  ins  flat.  Swe<Hsll  M«  f*  fTJI^ 
tiAi^)txH  inch  and  %  Inch  square,  and  larger; «"  the  oriri^l  b«r  asto^oit^ 
?Sled  «^wedl^  "),  4  cts  ^r  ft) ;  re-rolled  after  importation  (called  •*  Norway  ),  ^ 
ite  J^r  ib^  wS.i^n'?  ft.m  IH  inch  X  No  17.  ^H  cte  Per  lb;  to  ^^^X  No 
22,  5  cts  per  ft.  Sfti«et  Iron;  see  page^.  ,  ™*5  *"^*!r„*r??f^  . 
pUtes,  V\,  inch  thick  and  heavier;  and  sav  from  2  to  5  feet  ^^'^^  *»^*^^  *^^^„^* 
lonT^  "Common  or  "  puddled  ";  for  bricfee  plates,  sheathing  of  ships  etc,  >^here  Mttio 
orTo  bendSg  is  requinS,  2  cts  'per  ft ;  "Shell " ;  for  shells  of  boilers  etc^to  ^nd 
bending  coldwith  the  gmin  to  cylinder* jith  radii  of  Bayone  or  ^^J^^  ^^^  n«J 
flanging,  2V^  cts  perft;  "  Best  flange  ",  3!^  cts  per  ft.  Fire-box  plates  of  «!<*"  oj 
flanie  i^on^  ct  [JTr  fe  extra.  Extra  charges  for  pUtes  of  um«»alfr  fi^eat  or  sma^l 
widths  or  lengths.  Anyl^  ftiid  T  iron;  see  pages  M^>  etc  I  beams, 
ebailnel  bearn^,  d^k  beams;  see  pages  521  ete,  Pig:  *■;•«•  ^^'i^J? 
foundry,  $20  per  ton  of  2240  lbs;  Forge,  for  conversion  into  wrought  iron  by  pud- 
dling etc,  $17  per  ton  of  2240  fts ;  Charcoal  foimdry  and  forge,  $22  per  ton  of  2240lb9. 
Cast  Steel  for  to«l»^  Best  American.  Ordinary  sfees^Si^  cte  per  lb;  Ma- 
cbinery  steel ;  for  shafting  etc.  ordinary  sizes,  3  cts  per  ft.  The  ran»e  of  -or- 
dinary "  sizes  is  nearly  the  satne  as  given  above  for  Iron.  For  larger  and  smaller 
siies,  extras  running  up  to  from  50  to  100  per  cent  Steel  plates  for  boilers  and 
fire-boxes,  4  cts  per  ft.  Tire  and  sprimpr  steel.  Bessemer,  3  cte  per  lb. 
Sbeet  steel.  American.f  Not  lighter  than  No  17.  Cast,  7  ct8  per  lb ;  Bessemer, 
A]4  cts  per  lb.    For  each  number  lighter  than  No  17,  )4  ct  per  lb  extra. 

EoUed  Star  IroA.  Standard  sites.  Carnegie  Bros.  &  Co.,  Llotft^d,  PHtobHTgh. 
The  thicknesses  are  those  at  the  end  and  at  the  root  of  one  of  the  four  srms,  ui 
inches.  Kolled  in  lengths  of  20  to  26  fset*  Area  in  square  inches.  Weight  ip  lbs. 
per  foot  run. 


Ins. 

Thiolc. 

Area. 

Weight. 

IDR. 

Thlofc. 

Atea. 

Wel^t. 

4    X4 

3.6X8.6 

8X8 

1^—9-16 
5.U— li32 

3.54 
237 
2.19 

11.8 

9.e 

7.3 

2.6X2.6 
2    X2 
1.6X1.5 

6-16  —  13-32 
3.lJ-_  5-16 

1.67 
1.21 
0.69 

6.6 
4.0 
2.3 

♦Morris,  Wheeler  ft  Co.,  16th  and  Market  Streets,  Philadelphia. 
t  William  A  Harvey  Bowland,  Fraikkford»  Philade^hia. 


y  Google 


Sheet  iron.'*  Prices,  Phila.  1888;  in  sheets  24  to  32  inches  wide,  6  to  8  fVwt 
long;  No  14  to  No.28  by  second  table  on  p  411 ;  conunon  (puddled)  iron,  itfinealed,.  2^ 
to  3V^  eta  per  pound,  being  least  for  the  lower  (thicker)  numbered  best  chAreoal 
bloom  iron,  3%  to  5  cts  per  lb. 

Oalvanised  slieet  iron.*  Common  (puddled)  iron,  4^  to  6  cts  per 
pound ;  best  charcoal  bloom  Iron,  5  to  6^  cts  per  pound.  The  lower  (thick)  noe  are 
the  cheapest. 

WeifcliUi  per  sqnare  foot  of  mlvanised  sheet  iron.  Standard  list 
adopted  by  tlie  American  Ckdvanised  Iron  Aas'n,  at  Pittsburgh,  April,  1884. 


roofed  with  eitner ;  if  efBoient  meuns  are  not  provided  for  earrjiog  off  the  amoke :  aud  itie  aane  with 
other  metals.    The  acid  or  oak  timbbb  I«  snid  to  destroj  the  lino  of  galTanizea  iron.    See  pp  418, 


419.    Plat  lion  is  nsaaily  nailed  apoo  a  sheatiogor  boarA;  tet  Am  aMenftft  of  e . 

obTiat—  >lia  o^aesslty  far  this,  aod  enables  it  to  stretch  5  ar  6  ft  fron  purlin  to  porlin.  |rlth«ai  intrr* 
■Mdlate  support.  The  tormrated  sheeu  are  rf  Teted  together  on  the  roof,  bj  rlrets  oTgalranlMd 
vite  about  one-eighth  iiich  thick,  800  to  a  pound,  well  driven  (so  as  to  exclude  rain)  8  rn*  4  inebes 
apart,  all  around  the  edges.  The  rivet- holes  ar*  first  punched  br  BaobiDery.  so  as  to  lasnrs  eninul- 
denee  ia  the  sarera^  sheets ;  and  the  rivets  are  driten  bj  two  mm,  one  abave,  and  one  beneath  the 
roof.  Fbr  black  inm.  ungaltanised  nails,  boiled  iu  linseed  oil  as  a  partial  preservative  from  rust,  are 
eodinionlj  uaed ;  as  also  in  shingling  or  slating.  Galvanized  ones,  however,  would  be  better  In  all 
those  cases ;  of  even  copper  ones  for  Hlating  because  good  slate  endures  much  longer  than  either 
shingles  or  iron,  and  therefo^  it  becomes  true  eoonomj  to  use  durabU  Biatals  for  fasteoiag  it.  In 
none  nt  the  we  easa<,  bowever.kno  th^juils  rullv  exposed  to  the  weather. 

Ihe  sheets  of  llMt  irmtimre  put  t4Hr«ther  I 


fotDiMU  Ti^  |(P«Bs,  mwh  the  same  as  shown  by  th«  flg  paga  418,  head  Tin ;  the  JoIdu  whleh  run 
^g.„^  up  and  down  the  nwf  t^ing  the  same  aa  at  •  «i.  aod  the  horiionlal  oaas  as  at «  I ; 
^^^00>^^^*^<^  except  that  iuasniuoh  ns  these  are  not  soldered  in  the  ir«B  sheeu.  the  Joiat  is  made 
i^l  **>*>"'  H  to  1  inoh  «Me,  instead  tt  H  Ineb,  the  batter  to  provida  agatoat  leaking. 

BW  Cleats  are  used  as  in  tin.  with  %  aaUa  to  a  aleat.    Tba  Iron  plataa  are  best  laidan 

H^H  sheeting  boards ;  but  in  sbeda.  4a,  are  aamoclmaa  laid  dirsetly  on  raflars,  not  mere 

^^  tbaa  about  18  Ins  apaA  io'tho  elev ;  the  plates  being  allowed  to  sag  a  ittUe  between 

Che  raftera«  so  as  to  form  shallow  gttttors.    In  each  eases  it  is  wUll  to  bevol  off  the  tops  of  the  rafters 

slightly,  aa  in  this  flg. 

A  sertons  eifejeetlon  t«  ir«m  ms  i 

dentation  of  atmospberie  moisture;  whleh  fklls  from  t 
to  ceilings,  flnorx,  or  articles  in  the  apartments  imnic 
appreciably  diminish  this:  it  mar.  however,  be  obvia 
of  Trusses,  p  583.         Corrugatea  iron  makes  an  exce 

Corraipated  sheet  iron.  The  size  o 

Is  so  inches  wide  by  96  Inches  long.  Corrugation  redi 
rugsted  sheets  are  laid  upon  the  roof,  the  overlapping 
Inehes  along  their  ends,  diminishes  the  area  of  roof  eo 
of  the  entire  corrugated  sheet  itself;  or,  the  weight  i 
ooo>sof«atli  greotor  thah  that  per  souare  UtxbffMf  w 
iron  per  square  foot  or  roof  covered  is  about  ooe-flfth  | 
it  is  made. 

Abouf  6  tiiehea  are  Mually  allowed  fbr  the  extension  ever  the  eaves. 

The  weighu  per  square  foot  correspondinipM  Iha  dlflbreot  aumbera  of  the  Blrmiaghaai  wiro  gauge. 
vary  somewhat  with  tho  different  makers.  The  two  styles  of  oorrugation  given  in  the  table  below, 
6  X 1]^  aad  iH  X  %,  »re  tboae  moat  fraquantly  used* 

•  Marshall,  Bros  ft  Co,  Front  St  and  Qlrard  Ave,  Phila.  McDaniel  &  HaTv«y  Co.  16th  St  and 
Waahington  Ave,  Pblla.  Digitized  by  VjVJ^ v  ic 
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COKRUOATKD  BHEEr  IRON. 


N«. 

Tbiek. 

BMgbm 

■CM 

wirega. 

ia  ius. 

Blaok 

BiMk 

20 

.035 

22 

.028 

24 

.022 

26 

.018 

Wtin 
sq  ft 


BlMk 

1.84 
1.60 
1.20 
1^ 


LemdoMtodf 
or  gftlT'd 

2. 
L6 
1.25 
1.12 


Wt  In  lb«  per 
■q  ft  of  ro«/. 


BlMk 

2.12 
].7d 

1.38 
1.16 


Uad  ooatedf 
or  g«lv'd 

2.3 
IM 
1.44 
1.20 


Approx  Mtees  te  «»m 
ptrb.PbUa.18Wt. 


Strenirtli  of  Comgt^ted  Iron.    Experlmeiits  hj  th«  aaf  lior. 

Flvst.    A  slieet  <f  d^  of  Ko.  16  iron, 

(aboQt  ^  inch  thick,)  27  iUs  wide,  by  4  ft  long, 
witli  five  complete  oornigatloiM  of  5  ins  by  1  inch, 
was  laid  on  supports  3  ft  9  its  apart.  A  Uuck  of 
wood  c,  9  ins  wide,  by  7  ins  llhick,  and  30  ins  long. 
was  placed  across  the  center,  and  gradually  loaded 
with  castings  weighing  ItKK)  lbs. 

Tkia  eftoaed  a  deleetkm  ml  Um  oenlcr  of  prcetarij  h  aa 
toota.  On  ilM  raoMval  of  Um  load  after  an  hour,  ao  peria- 
aaot  BOt  wa«  appraoiable.  Tb«  lemritj  of  Um  (eat  vaa  par* 
poaelj  JBoraaaad  bj  appljiug  lite  aevoral  oaalioga  \ery 
teagbW,  Jolting  the  wbole  aa  muf^  aa  naaaible.''    "" 


peaded  area  of  the  ahcet  waa  8.< 

lent  to  SOOO  Ibe  egwo/lir  dUtrtbuted,  H  amounu  to 


ilTaq  ft ;  and  aince  t^actual  oMUer  k>ad  of  IWO  fta  ia  about  eqnlvap 
=  845  Iba  per  aq  ft  dlatrlboted.    Bnt  8000  Aa 


8.44 


dbtriboied  would  prodnee  a  deaeelloa  of  bnt  about  f^tl  W  of  aa  Ineb.  Again,  886  Aa  per  aq  fi 
ia  about  4  timea  tbe  weight  of  the  greatest  evowd  that  nenM  well  oottgregate  npon  a  floor.  Conae- 
queoUjr  thta  iron,  at  8'  9"  apao,  ia  sale  in  praeUoe  fbr  any  ordinarj  erowd.  Moreover,  aneh  a  orowd 
would  prodnoe  a  center  defleeUon  of  onlj  the  ^th  part  of  K  of  an  ineh ;  or  JL  of  aa  inok ;  or  yl^ 
of  the  etear  apaa ;  whleh  la  bat  two-thlrda  of  TredgoM'a  limit  of  -^^  of  Uie  apaa. 

In  one  experim«n.t  the  ends  of  tbe  aheeta  reated  upon  eopporta  dreaaed  ao  aa  to  present  nndnlationa 
eorreitnotidlag  tolerably  eloaelj  wltti  the  ahape  of  the  eorrogatfona ;  trat  fn  til*  Other  the  snpporu 
were  flat,  and  each  end  of  the  aheet  rented  onlj  upon  the  lower  polnta  of  the  eerrngatiooa.  Mo  ap- 
preciable difference  waa  oboerred  in  the  reantta 

Ah  ATCli  ef  If*.  18  (^ 
inch)  ii^n,  corrugated  like  the  foregoing, 
but  the  depth  of  corrugation  increased  to 
1^  ins  by  the  process  of  arching  the  sheet ; 
clear  span  6  ft  1  inch ;  rise  10  ins ;  breadth  27 
Ins,  (of  which,  however,  only  26  ins  bore 
against  the  abutments.) 

Kaeh  foot  e  of  the  areh  abnttM  npon  a  oaattng  j, 
the  inner  portion  t  of  which  waa  undulated  on  (op,  to 
oerreiipoiid  Mth  the  eeitngaHlona  oT  tbe  arah.  wMeli 

'    ipon  It.    At  y.  (one-fourth  of  the  apan.)  two 

Moeka  were  plaeed,  ooeupjing  a  width  of  9 
Inebea.  aad  extending  aeraaa  tbe  areh ;  on  theni  waa 
piled  a  lead.  {,  of  eaatinga.  to  the  extent  of  4488  fta. 
•r  t  tana.  Under  thia  load  th«  aroii  deeoendad  aboat 
half  an  inoh  at  y^  beeoMlog  MaMer  on  (hat  aide,  and 
alif  htir  more  enrred  upward  along  tbe  unloaded  aide  n. 

and  two  tone  of  Jead.  a,  jrere  pUed  upon  them,  in  addition  to  (he  S  tone  at  I ;  nakinc  a  (eul  of  8I80 
'   n  bmnirht  the  arch  more  nearlj  back  to  ita  original  Khafia;  but  at' 


itf 


6.1 


Two  ai^ilar  Moeka  were  thon  plaoed  at  a. 

.-  ..--- , •-'-    -itouiof  8I80 

atlll  aligbtly 

.         .  ^  ,- -,,    ^ ,  .  ,  ,     ., —   .-       ,      ...^^ iooreaaed to 

10000  lM.,Mid  left  ataoding  for  eereral  daya.    Two  Iron tlea,_eaoh  HojiH*  vbich  were  uaed  for  pre- 


I.  or  4  (nna.    Tbi*  1 


Mralghtanod  at  both  ■.«nd  y.  aad  a  Uu^a^nsre  aanwAla  thaseMss..  iTtelsftd  waa4M»  iaoreaaed  to 
10000  ^B,  and  left  ataoding  for  aereral  daya.  Two  Iron  Uea,  eaoh  H  >>7  1  ^  which  were  uaed  for  pre- 
venUog  (he  abutment  oaaUnga  J  from  anraading,  were  foand  to  have  atretched  nearly  ^  of  an  laeh. 


AddiUofial  onea  were  inaerted.  and  the  load  increaaed  to  a  total  of  8  tona,  or  18440  Ibe :  paru  of  it  en 
a  and4,  and  part  in  tbe  ahape  of  long  broad  barn  of  iron  at  tbe  center  of  tbe  arch,  below  the  leada  a 
and  I.  and  between  n  and  y.  So  far  aa  omild  be  judged  hj  ejre.  the  ahapC  of  the  arch  waa  now  alaMct 
perfect.  The  loads  a  and  1  did  not  touch  each  other.  Aher  ttaading  more  than  a  week,  tbe  lead 
waa  aoetilentally  overturned,  crippling  the  arch.    Tbe  load  waa  equal  to  about  1000  fta  per  aq  ftef 

the  arch.  Such  arches  have  since  come  Into  common  use  instead  of  brick,  f»r 
flreproof  floors. 

f^nrred  roofk  of  95  to  80  ft  fipfiffi,  rising  about  ^  span,  may  be  Bade 
of  ordinary  corrugated  Iron  of  Nob  10  to  13.  riveted  as  unial ;  and  having  no  acces- 
sories except  tie-rods  a  few  feet  apart;  continuous  angle-inm  skewbacka;  and  thia 
vertical  rods  to  prevent  the  ties  fkon  aaggiag. 

•  Without  letUog  the  defl««Uou  exoeed  H  Inch ;  whleh  waa  prermHed  by  •  stop  aader  the  aheat. 
t  XanhaU,  Broa  *  Co,  Front  8t  and  Qtrard  Ave,  Phila.  ^  ^^ 
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DiOMBgioiM^-weigfats  and  /M-prlces  of  itandard  siaea^f  welded  wroajrki-irOB 
»t^,*  tor  steam,  gas,  aud  water  (for  boiler-tubes,  see  lower  table),  oAually 
in  lengths  of  aboat  18  ft.  Other  sises  and  lengths  n^de  to  order,  at  extra.  piioMi. 
Pipes  from  V^inch  to  1^  ins.  inner  diam.  (**  nominal '*)  are  usually  ^*  butt- welded  ;** 
largvr  sixes  **1(^ welded.*^  Diseownto,  1890 :  on  butt- welded,  black,  45  to  56  per 
cent ;  galvanised,  35  to  45 ;  on  lap-welded,  black  55  to  65 ;  galvanized,  45  to  55. 


lODM-DUm. 

u|    PrtMnM-fLranJ 

Inner  DUm,  | 

li 
h 

Price  per  ft.  run. 
Adopted  Sn>.  18, 

^ 

^ 

1 

li 

Adopted  Sep.  18 

*; 

i 

i 

■i 
1 

1, 

i^. 

Lbs. 

1880. 

i^ 

1 

i 

1880. 

Plain. 

0»lT'd. 

Plain. 

OalT'd. 

Ins. 

Ins. 

$ 

$ 

Ins. 

Ins. 

Lbs. 

$ 

$ 

.no 

.008 

.M 

« 

.04 

.05 

4 

4.0M 

.287 

10.66 

8 

.88 

1.03 

1^ 

.384 

.068 

At 

18 

.04 

.05 

*H 

4.608 

.346 

13.40 

8 

1.06 

1.31 

t^ 

.4M 

.011 

M 

18 

.04  Vt 

•05V< 

5 

5.045 

.350 

14.50 

8 

1.28 

1.00 

1^ 

.9a 

.lUO 

.84 

14 

.05^ 

.074 

< 

6.065 

.380 

18.76 

8 

1.65 

3.00 

1^ 

.8M 

.lis 

I. It 

14 

.07X 

MH 

t 

7.0W 

.301 

38.r 

8 

3.10 

1 
1^ 

iJS 

.1S4, 
.140 

1.6T> 
S.t4 

11» 

'.14 

1 

a 

.831 
.344 

ss 

8 

t.75 
3.75 

IVi 

1.C11 

.145 

S.68 

11^ 

M 

M 

It 

10.0I» 

.306 

40.00 

8 

4.75 

s 

3.067 

.I&4 

S.«l 

\\y 

M 

M 

11 

11. 

.375 

45.00 

8 

6.00 

s^ 

S.408 

.204 

5.7* 

8 

.47 

ja 

11 

13. 

.875 

49.00 

8 

7.00 

s 

t.0S7 

.»I7 

7.54 

8 

.OS 

.88 

18 

1S.3S 

.375 

64.00 

8 

8.00 

«H 

S.548 

,tu 

9.00 

» 

.74 

.88 

» 

14.35 
15.35 

.875 
J175 

68.00 
63.00 

8 
8 

9.50 
11.00 

Flttiagni  for  Wrongrbt-iron  Pipes.  1,  Elbow.  2,  Service  Elbow. 
3,  Elbow  with  side  outlet.  4,  Reducing  T.  5,  T.  6,  Reducing  Gross.  7,  Reducing 
(Coupling  or  Socket  8,  Return  Bend  with  side  outlet.  9.  Return  Bend  with  back 
outlet.    10,  Gro3S.    11,  Flange  Union.    12,  Oval  Flange.    13,  Plug. 


i^o5®iSi3 


IMioeDsiona,  wi^ghts,  and  (M-prices  (adopted  Sept.  18,  1889)  oi 
welded  eiiareoiu-iron  boiler  tubes,*  in  lengths  up  to 
lengtlis  made  to  order,  at  extra  prices.    Discount,  1890,  aba 


Outer 

Thick- 

Wt. 

Price 

^ 

Thick, 

Wt. 

Price 

Outer, 

Thick- 

Wt 

Price 

01.4 

per  ft. 

per  ft. 

nes*. 

per  ft. 

per  ft. 

l>ia4 

ness. 

perft. 

perft. 

B"gm 

■ 

.    ' 

B'Rm 

Bgm 

Ins. 

Ins 

w.ga. 

Lbs. 

t 

Ins. 

Ins. 

w.ga. 

Lbs. 

$ 

IM. 

Ins 

w.ga. 

Lba. 

t 

1 

.073 

15 

.70 

J3 

3 

.109 

M 

9.83 

.34 

8 

.166 

8 

18.66 

1.86 

.072 

15 

JO 

.33 

•»5< 

.130 

11 

3.96 

.38 

9 

.180 

T 

16.76 

8.26 

14 

.088 

14 

1.34 

.33 

»4 

.130 

11 

4.38 

.43 

10 

.203 

6 

31.00 

3.75 

"4 

.006 

13 

166 

.23 

^H 

.120 

11 

4M 

.45 

11 

.830;  & 

36.00 

3.35 

3 

.096 

13 

191 

.33 

4 

.1.i4 

10 

5.47 

.53 

13 

:fflt« 

38.50 

3.55 

tH 

.006 

U 

3.10 

.86 

4H 

.184 

10 

0.17 

.60 

♦9 

32.00 

4.30 

34 

.100 

13 

i3 

.38 

5 

.148 

9 

7.58 

Jtt 

14 

■^,V 

36.00 

t^ 

*H 

.108 

IS 

Jil 

6 

.166 

8 

10.16 

1.00 

16 

40.00 

7 

.165 

8 

11.90 

1.45 

16 

.270'  3H 

45.39 

6.76 

*  Allison  Manufocturing  €o.,  Philadelphia;  IHorris.  Ttwker  A 
Co^jl^im.,  Philadelphia;  Ifational  Tube  Works  Co.,  McKeesport,  Pa. 
nie  last-named  make  lap-welde«l  tubes  up  to  24  ins.  dian^eter. 

t  In  ordering pipet.  give  thtf  ^  nbitfi^^**  inner  diameter.  It  is  merely  an  arbitrary 
name  for  the  i^pe,  and  in  some  cases,  tends  to  mislead.  Thus,  the  pipe  whose  *'  nomi- 
Ndl"  iimer  diameter  is  one-eighth  inch,  has  an  actual  inner  diameter  of /«/!  qmnier 
inch. 

X  In  orderiuj:  boiler  te^es,  give  the  outer  diameter. 
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BOLTS,   NUT»,   WASHBIte. 


Bolts,  nntJi,  anil  washers.  The  following  dlnaen- 
sions  for  Ifults  and  niitt  were  proposed  by  Mr.  Wm.  Sellers 
and  adopted  by  the  Franklin  Institute,  of  Pliiladelphia,  hs  a 
standard,  in  1864,  and  by  the  U.  8.  Navy  Dept^  in  1868.  They 
have  been  adopttKl  by  the  principal  machinists  of  the  countrv, 
and  are  known  as  **  Franklin  Institilt«  Stamlard/' 
or  **  Sellers,'*  dimensions.  The  angle  a.  Fig  1,  between 
ttie  two  sides  of  a  thread,  is  6(P.  to  is  thfe  width,  (measured 
lengthwise  of  tlie  bolt)  of  the  flat  top  atid  bottom  of  each 
thread.    N  is  the  uotnber  of  threads  per  iucli  of  length  of 


Vig.l 


ins 

'h 

6-16 

% 
7-16 

i>^6 


Ps 


d 

ins 

7l85 
.240 
.294 
.344 
.400 
.454 
.507 
.620 
.731 


ins 


.0062 
.0074 
.0078 
.0089 
.0096 
.0104 
.01i:i 
.0125 
.0138 


.837 
.940 
1.065 
1.160 
1.284 
1.389 
1.491 
1.616 


ins 


.0156 
.0178 
.0178 
.0208 
.0206 
.0227 
.0250 
.0250 


d   i  w 
fna     ins 


1.712 

l.J 

2.176 

2.426 

2.629 

2.879 

3.100 

3^17 


.0277 
.0277 
.0312 
.0312 
0857 
.0367 
.0384 
.0413 


ins 


.0413  8 

.0485 

.0454 

.0476 

.lOSOO 

.0500 

.0526 

.0526 

.0555  2i^ 


IMmenstons  of  Heafs  and  Nnis, 
Flnisb^ 

lVy>  +  Vs  inch. 


H  0" 


I  ntU) 


r 


1)4 D  +  1-16  inch. 
D  — 1-IGincb. 


Figs.3 


In  the  Wbltworlli  (BngHsh)  standard  thread,  the  anglt  a.  Fig  1,  ts  560. 
The  tops  and  bottoms  of  the  threads  are  roanded,  instead  of  flat  as  in  tb«  American 
itandards.  The  number  (N)  of  tmeaads  per4ucJi  is  the  same  Us  above  for  diams  of 
bolt  np  to  threa  ins, ejicept  fori) »>^ inch;  when*  M  =  12.      ..,'^'  ^^ 

'^niit^-ironNMraalkcra.  Standard  sizes.  Diameters  of  washers  and  bolt-holea 
in  inches.  Approxtmate  tfaiokness  by  mrmlngliBin  wire  gaitge,  p.41A.  Approxi- 
mate nvntber  in  one  ft.  •  '  '        '  '        •.-««>  i. . 


DiauMS. 


Tha. 


No. 


Diams. 


Tbs. 


Ths. 


No. 


450 
210 
139 
112 

63 


»-16 

ti-fi 

13-16 


8.0 
6.2 
6.2 

4. 
2.9 


Prlc«  in  Philadelphia^  1888,  about  4  to  4>^  cents  per  ft.  net,  fw  outer  dfSmtrteri 
fi0m  1%  to  Z]4  inches. 

*  Kxcept  thai  the  Navy  De»ajr|ment  nfe»/or  ^th  rough  a$td  finiihied  jUoidji.  ««y^N«^« 
the  dimensions  given  altove  f«>r  rough  hoaaa  and  nuts.  The  standard 'oitiie  Navy 
JXeportmeut  is  known  as  <*  United  States  Standard.'* 


y  Google 


BOIITB,,  KiriS,  VA80BB8. 


407 


A  aqtuurm  b«ft1  lAid  nut  lag«lk«r,  wd^  alwitfi* 
l}.__H«xcufOH,  6  or  7. 

Mh  the  « 


nb  M  a  imgtli  V  t^  Ji^^qH^^  7  tr.9li«Ma 


WUb  tEe  above  diuensions  »  bolt  will  gencndlj  fkil  by  bmklnt 
oir  betveeo  tbe  bead  and  the  nut,  wbere  the  diameter  is  decreaaed 
by  eatting    the  tbread,  rather    than    by   ntripping    off    its    threadi. 

The  diaiii  D  of  the  thread  must  of  course  be  greater 

tban  tbat  required  to  bear  safely  the  proposed  tensile  itraiu,  by  an  amount 
equal  to  twice  the  de}>(Ji  of  the  thread.  The  waste  of  irou,  which,  would 
result  from  making  the  entire  bolt  of  this  greater  diam,  is  frequently 
aToided  by  making  the  bolt  from  a  bar  of  only  sufficient  dimensions  to  bear 

the  Strain  pafel.v,  and  upsettinfp  its  ends  as  iu  Fig  3, 

tkoa  Inoreaaiag  their  diam  suflOciently  to  allow  for  tbe  ontting  of  Uw 
threads.    But  see  Rem,  p  408. 

In  carpentry,  as  well  as  in'ties  for  maaonry,  «a<Mikar»,  w  w,  of  either  caat 
or  wrought  iron,  ar«  plaaed  bctweau  ibe  ttauttei%  or  a«io«,  and  tte  bead 
and  nat;  in  order  to  distribute  tbe  pressure  over  a  greater  aurfaoe,  and 
tbna  prerent  orushing ;  especially  in  limber. 

When  much  stniined  agr^^inti^t  woo(d<  tlie  side 

of  a  square  wrougbt-iron  washer ;  or  tbe  diam  w  u;  of  a  circular  one,  should  not  be  less  ibau  4  diams 
of  the  screw,  as  in  tbe  flg;  and  its  thioknens.  tw,  H  diam  at  lea«L 

Two  such  square  washers  will  together  w«i^  asi;jnucb  as  18  diams  in 
length  of  a  round  rod  of  tbe  same  diam  as  the  screw.  Two  round 
washers  will  weigh  together  as  much  as  14  dIams  of  rod  of  same  diam 
as  screw.  In  either  case,  a  square  head  and  nut  will  weigh  as  much 
as  6  diameters.  Cast-iron  washers,  being  more  apt  to  split  under 
bcary  straias,  may  be  made  about  twice  as  thick  as  wrought  ones. 
When  the  strain  is  Tory  great;  the  diam  of  tbe  washer  may  be  6  or 
6  times  that  of  the  screw ;  and  its  tbickness  equal  te  diam ;  but  4 
diams  will  suffice  for  qiett  practioal  purpose-'*,  or  even  2.5  when  there 
is  but  little  strain,  and  tbe  tntckness  may  then  be  but  .1  or  .2  diam  of 
bolt. 

Tahle  of   machine   and    car   bolts,  ^ith 

square  and  hexagon  heads  and  nuts,  Figs  4  and  5;    made  by  Hoopes 
A  Townsendr  133()  Buttonwood  St.  Phila.    All  their  bolts 
are  cnt  .with  IT.  8»  Standnrd  threads, 
l-or         - 


CD 


Fig.L       PlK.6. 
table  on  p  406,  nnless  otherwise  ordered.   For  washers,  see  p  400. 


.  *  For  bolts  with  tqtuure  beads  and  nnta.  Bolts  with  hex  heads  and  nuts  are  about  20  per  06nt 
higher.  JDtseount,  1888,  about  70  per  cent.  Bolts  are  also  made  (at  extra  prices) 
with  bntton-shaned  and  conntersnilk  heads.  The  price  per  1(H>  varies 
IftMJfMlengci.  W««li*\taHMM|«s.  Tha^olta  k«iir«.t«iiied.pefe»M,aadi«iiaaifeiaCh«M»  aaC 
nata,  as  shown..  Frati  >^  inob  to  8  itw  ^hii4onw<lM  i*svMMO  k»l  >ft  .ia« ;  itom 
•Instoa^tais.  bylM. 
f  Not  tapped.  iMseount,  1888,  about  4.8  eta.  per  fi>. 
i  Not  te^fpeO,    IMsconntf  1888,  about  4.8  cts,  per  S>. 

B&xpamstoia  bolts,  for  faateniiig  plated,  timbers, 
etc.,  to  walls  of  bricic  or  masonry.  Steward  &  Romaine 
Maanfiftctiiriiiig  Oaapapir,  tthc  and  Cherry  Sis.,  Philadel- 
phia. Tbe  wedge^haped  nat,  trayeling  «p  ttie  boU,  as 
the  latter  is  turned,  presses  tiie  wings  against  the  sides 
of  the  JK>le,  wbioh,  in  practice^  is  drilled  Just  laige  enough 
to  admit  the  put  ftnd  wings,  so  as  to  present  the  for^ier 
from  turning  with  thts  bolt.  If  tbe  h<ft»  is  'made  larger, 
as  shown,  we  nut  must  be  held  by  a  sonU  vTedg^ 
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BOLTB,  MtJTS,  VfAHHUBB. 


I^Oelc-ttilt  wiMillers.  Wli«nbolti  are  subjected  to  mncti  reogli 

Jolting.  M  »t  rail-joinU.  Ao.  tbe  nuU  are  liabh  to  wear  loose,  amd  utiMerem 

tkeme^tfea.    On  railroads  this  is  a  souroe  of  great  aunoTSDoe,  aod  innumerable 

devices  for  preventing  it  have  been  tried.    TlieYerona  Lock-not 

vasber  is  asimple  circular  washer  made  of  steeU  viU)|ifUt««cnt  ttirougb  it,  tearing 

sharp  edges.  On  one  Hide,  a,  of  the  slit,  the  metal  is  presaed  upward  about  H  tncb; 

and  that  on  the  other  side,  e,  downward,  the  same  distance;  so  that  a  perspectire 

view  ^ould  be  somewhat  as  at  (.    Now,  when  the  nut  is  screwed  down  over  the 

washer,  in  the  direction  of  the  arrow,  the  slit  offers  no  obstruction ;  but  if  the  nut 

afterward  tends  to  unscrew  itself,  the  sharp  upper  edge  of  the  slit,  along  a,  presents 

fHetion  agntnst  the  bottom  of  the  ant,  whieh  tends  to  hold  It  in  place.    Besides,  the 

washer,  bv  iu  etastieitr,  tends  to  resume  its  original  shape,  and  thus  presses  the 

threads  of  the  nnt  against  those  of  the  belt;  Mid  th?  addltlMial  fiiction  thus  prodnbed,  also  aids  la 

holding  the  nnt    The  same  prinolples  are  employed  in  a  nai-4eek  reoently  (1864)  Introdeoed  upon 

the  Houston  and  Texas  Central,  wliere  the  lock-nnt  washer  is  *  loug 

strip  of  steel,  with  ttso  holes,  each  of  whlcfh  has  iM  edges  formed  like  those  of  a  Verona  washer, 

and  tliroush  each  of  which  passes  one  of  the  bolts  of  the  rail  joint.    Another 

flevlee  is  to  cut  at  the  end  of  the  screw  a  few  tlifeads  of  a  screw  of  less  diam 

than  the  main  one,  and  in  the  opposite  direction.    The  nnt  is  then  screwed  upon  the  larger  dfam ; 

and  after  it  the  leek^not  Is  screwed  in  the  other  direolfon  upon  the  smaller  dIam,  until  It  oomca 

into  contact  with  the  main  nut.    In  the  flmttll  lock-nnt  bolt,  this  second  nnt  is 

oolj  about  H  iiMth  thick ;  and  after  being  driven  home,  one  of  iU  oomers  is  bent  over  (he  edge  of 

the  main  nut.    These  holu  cost.  In  1884,  about  5  cU  eaoh. 

See  the  C^ambria  nut-lock,  p  765, 

The  Atwood  lock-nuts  take  advanta^^e  of  elasticity  in  the  nut  itself,  which  is 
obtained  either  bv  slitting  the  nut,  or  by  rednoing  iU  thickness  near  the  bolt  hole. 

It  is  cUiined  that  If  tile  threads  of  an  ordinary  bolt  and  nnt  are  carefully  cat, 
so  as  to  be  In  eon  tact  with  eaeh  other  thronKhoot,  no  lock-nnt 

oontrirance  is  necessary,  because  the  friction  between  the  two  threads  is  distributed  over  a  larger 
surf,  and  abraeion  does  not  take  place  so  readily  hs  if  the  threads  touched  eaeh  other  at  only  a  few 
points.    The  nuts  are  therefore  less  apt  to  wear  loose  under  repeated  Jarring. 

Owing  to  the  difficulty  of  obtaining  such  perfect  fitting  bolts  and  nots,  dne  to  the  wear  of  the  ent* 
ting  tools  used  in  their  mf\r,  the  Harvey  Serew  find  Rolt  Oo,  52  Wall  9t, 
New  York,  tarnish  boUs  aad  nnU  tn  which  the  thread  oa  the  bolt  diiSeni  sllghtiv  in  shape  fkram  thai 
in  the  nut.  They  also  furnish  nuu  in  which  the  thread,  instead  of  being  of  nnlform  shspe  through- 
out, gradually  becomes  demer  and  thidter,  by  having  its  side  angle  a.  Fig  1,  p  406.  made  nsora 
Acnte.  and  iu  top  tmnoated.    These  nuts  are  used  with  boHs  having  the  nsnal  uniform  thread. 


upon  the  side  where  the  thread  Is  of  the  same  shape  as  its  own ;  bat  its 
.  ,  ..  ....  .  .   .       ^^^^^       ... 
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The  belt  enter*  the  nut  i^ , 

thread  encounters,  and  is  forced  Into,  the  gradually  narrowing  and  deepening  path  between  the 
threads  of  the  nut  In  both  derioes,  the  enforced  conformity  between  the  two  threads.  Is  retted 
upon  to  give  the  desired  eompleteneas  of  oontact  between  them.  The  greater  fdroe  reqnired  la  sorew* 
ing  on  the  nut,  also  inereases  thB/rtetion  between  the  threads. 

•  nnt-loeh  (J.  W,  WH,  Ridgway,  Pau),  oonbists  sinoply 
of  two  oblong  interlocking 
washers  of  s^  iron,  about 
one  twelfth  of  an  inch  thick, 
and  shaped  as  in  the  Figmr. 
I  In  one  end  of  rach  wastier 
is  a  round  liole  through 
which  the  lH>lt  pa^Hes. 
Wlien  the  nnts  are  to  be 
>  turned,  the  other  ends  of 
the  washers  are  bent  np  out 
of  the  way  by  means  at  a  piok  or  crow-bar,  etc  When  they  are  brooght  b^ck  to 
the  positions  shown,  by  a  blow  of  a  hammer,  they  again  lock  the  nnU.  Thu  sam^ 
principle  is  also  apolied  to  the  locking  of  three  or  more  nuts.  Kor  square,  nuts 
(and,  inde«d»  generally  fir  hexagon  nut-*  also)  the  upturned  ends  of  the  two  wnshers 
are  ffft  square.  Actual  tests  in  rail-joints  under  heary  traiBc  and  e^lreiuos  g( 
weather  have  not  produced  a  case  ef  |!ailure.    Cost*  1888,  aibout  $10  per  "^OOO. 

Table  of  diameters,  welarhts*  and  approximate  breafclnir 
"led  Iron  holts,  ties,  or  bars  I  r 


strains,  fisr 


\.  assuming  the 


breaking  strain  per  square  inch  of  arerage  quality  of  rolled  iron  to  be  as  ffsllows:  Up  to  1 

square,  or  1  inch  diam.  20  tons,  or  44800 t>«;'rMB  1  to  S  ins  sf  ordiaa.lMlns;  Sieaiasv  18  tens; 
S  to  4  ins,  17  tons ;  4  to  5  ins.  16  tons ;  &  to  6  ins,  U  tons.  Th^  flratv4  eolsfins  ef  th0  Uhte  are  U 
be  used  when  the  screw  end  of  the  bolt  is  enlarged  or  npoet,  so  that  the  shank  or  bbdjr  of  the  boH 
shall  not  he  wMkened  by  the  cntUngef  the  tcrew  tbieads.  Bat  when  the  Ihsuk  Is  fa  veakaaed,  the 
diam  and  weight  of  the  nolt  must  he  taken  from  the  last  2  eels. 

Rem.  But  it  is  very  lBS|MMrtant  to  know  that  a  long  upset  rod  is  no 
stronger  than  one  not  upset,  against  tlonly  applied  loads  or  9u*ain8.  Both  will 
then  break  at  about  midiength,  under  equM  |hiI1s.  Hierefore  in  such  cases  the 
col  of  greatest  diams  in  the  table  should  be  used. 

Square  Imre.    Strength  or  weight  »  1.273  X  strength  or  weighted  round  bar 
f  Strength  =    .8     X  strength  of  sisOiar  Iros  bar. 

OVeight  =I.U    X  weight     "        «        ♦«       h 


Digitized  by 


Googk 


WEIGHT  OF  METALS.   • 


400 


WBI€»HT  AVD  imiEHeTH  OP  UMMI  BOI/nk   iOrigHuO^ 
For  s^iaare  ones  or  for  e^pper  see  preceding  ptragraph. 


XndB  enlarged,  or  mpeet. 

Xndanot 
enUuved. 

Snda  ttUaxiod,  or  upMt. 

Sndanot 
enlarged. 

OUm. 

Weigbt 

Br«ak. 

BrMk- 

Dlam. 

Wdcht 

DImn. 

Weight 

Breek. 

Br«ek- 

DUm. 

Welchl 

of 
■hank 

per  foot 

tIM. 

.^ 

of 
•hank 

per  foot 
nuu 

or 
9bmk 

perlbot 
ran. 

..la. 

JXL 

of 

perfoo* 
rnn. 

Int. 

Pd>. 

Tom. 

pas. 

Ins. 

Fd*. 

Ins. 

P«ls. 

Tons. 

Pdn. 

Ins. 

Pds. 

X 

.0114 

.245 

549 

1| 

810 

45.7 

102368 

2.14 

12.0 

i 

.093 

.553 

1289 

1  i 

SJb9 

49U) 

109760 

2.22 

12.9 

1 

.165 

.988 

«i02 

.85 

.821 

1  ' 

9.80 

62.5 

117600 

2.30 

13.8 

jL 

i258 

1.53 

3427 

w43 

.452 

IH 

9.93 

56.0 

125440 

2.38 

M.7 

^ 

.372 

2.21 

4950 

.50 

.654 

2^' 

10.6 

69.7 

133728 

2.45 

15.7 

.506 

3.00 

6720 

.68 

.897 

^ 

12i> 

63.8 

142912 

2.50 

17.6 

k 

.661 

8.93 

8803 

.66 

1.14 

2 

18.4 

71.6 

160384 

278 

19.6 

.837 

4.97 

11183 

J8 

1.41 

2 

14:9 

79.7 

178628 

2.88 

21.0 

1 

1.03 

6.14 

13754 

JO 

1.67 

2 

16^ 

88.4 

198016 

8.02 

83.9 

XX 

1.25 

7.42 

16621 

.88 

2.03 

2 

18.2 

97.4 

218176 

8.16 

261 

A 

1.40 

8.83 

19779 

.96 

2.41 

2 

20i> 

106.9 

239466 

8.80 

28.6 

^ 

1.75 

10.4 

23296 

1.04 

2.81 

2 

21J9 

116.8 

261632 

8.45 

Sl.l 

2.03 

12.0 

26880 

1.12 

8.26 

8. 

23JB 

127.2 

284028 

8.60 

83.9 

11 

2.33 

13.8 

30012 

1.20 

8.77 

31 

27  J9 

141.0 

816840 

8.86 

89.1 

liS. 

265 

16.7 

35168 

1.27 

4.27 

3I 

32.4 

163.6 

366464 

4.12 

4U 

^t^ 

2  09 

16.8 

37632 

1.85 

4.77 

3I 

37.2 

187.7 

420448 

4.41 

61.0 

lA 

8.36 

18.9 

42336 

1.42 

5.28 

4. 

42^ 

218.6 

478464 

4.70 

67.8 

3.73 

21.1 

47264 

1.49 

5.81 

H 

47.8 

227.0 

506480 

4.98 

65.2 

4.18 

23.3 

52192 

1^ 

6.39 

a 

536 

254.5 

570080 

5.25 

72.9 

4.56 

25.7 

57568 

1.64 

7.04 

H 

69.7 

283.5 

635040 

5.68 

90.6 

] 

5.00 

28.2 

63168 

1.72 

7.74 

5: 

66.1 

814.2 

703808 

5.80 

18.1 

1 

5.47 

80.8 

68992 

1^0 

8.48 

5A 

72.9 

834.7 

727328 

6.08 

97.0 

] 

5.95 

83.6 

75261 

1.87 

9.20 

51 

SOX) 

856.4 

798336 

6.86 

106. 

I-]  1 

0.46 

86.4 

81536 

1.94 

9.88 

51 

87^ 

889.5 

872480 

6.63 

116. 

6  09 

89.4 

88256 

2.00 

10.6 

6. 

95.2 

424.1 

949984 

6.90 

ik 

in 

7.63 

42.5 

95200 

2.07 

11.3 

B«4 

»Re«,p4#ft. 

BUCKLED  PLATES 


lare,  from  ^  to  ^  inch  tkkk,  with 
th  rii«t  or  oolt  holes  for  holding  the 
e  rest  of  the  plate  if  stamped  into  the 
1  to  3  inches  in  the  center.  Th^  are 
Ire-pfuof  buildings,  and  uf  eitf  iron 
riuK,  Ac.  One  of  8  feet  square,  J25 
2-iocfa  rim  well  bolted  down  on  all 
load  (»f  18  tons  to  erush  it. 
r  dlstrllhiited  l«iMla  lor  biickled 
es,  and  well  bolted  down  on  all  8id<^ 
Price,  iion  or  stasi,  8  osats  per  ft. 


Thickness. 

Weight  of  one 
plate. 

Safe  load  on  one  plate 
( —  one-fonrth  of  ultimate  load.) 

Pounds. 

Pounds. 

^ind. 
H   « 

68 
90 
118 
136 

6600 
10080 
13888 
2016O 

y  Google 
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WIRE  oAnaBau 


new  British  w  g  weot  into  effect  Blarch  1st  1834.  I^l  the  "  AiQ«ricao  "  w  s  «f  Dt- 
ling,  Brown  &  ttharpe,  Providence  R.  I.,  each  diaih  \>r  thick  is  »»  the  nexf  smaller 
one  X  1.122SI2.  We  take  the  wt  of  wrot  iron  per  cub  ft  at  485  lbs  in  the  flrtt  two ; 
and  at  486  Ib  the  hut  JPor  the  wt  of  »t««l,  mult  that  of  iron  by  1.01.  For 
lead,  mult  iron  by  1.46.  For  SEinc,  mult  iron  by  .9.  For  brass  (approx),  mult 
Ucon  by  1.06.    For  copper,  mult  iron  by  1.134.  See  p  411  and  Trenton  0 wge  p  412. 


BirmlnsliamW.Oa. 

New  British  W.aa. 

American  W.  Qm. 

No. 

wire,  or 
ttaickiMM 

Wtof 
Iron  wire. 

wtof 
Iron 

glamor 
wire,  or 
(bickneH 

W»or 
Iron  wire. 

Wtof 
Iron 

Diamof 
wir«.  or 
tblokoem 

Wt«f 
Iftmwire, 

1i^ 

•heete, 

ofabaet, 
in*. 

Inftspar 
Un  ft. 

UAspar 
•dft. 

•fataoet. 
ins. 

^^r 

inftrfper 
■qft. 

ofsteet, 
in*. 

lofts  per 
Ilnfl. 

inaT 
per«|f| 

7-0 

.500 
.464 
.432 

.661 
.669 
^94 

20.21 
18.75 
17.4  I  • 

6-U 

6-0 

„ 

........... 

......... 

4-0 

.464 

.546 

18.35 

.400 

,423 

mi 

.460000 

.661 

18.63 

a^ 

.425 

.470 

17.18 

.372 

^66 

ifr.oi 

.409642 

.445 

16.58 

2-0 

JOO 

.383 

15.36 

.348 

.320 

14.06 

.364796 

.368 

14.77 

0 

.840 

.306 

13.74 

,324 

.278 

13.09 

.324861 

.280 

13.16 

1 

JiOO 

.238 

12.13 

.300 

.238 

12.18 

.289297 

.222 

11.70 

2 

.284 

.214 

U.48 

.276 

.202 

11.16 

.257627 

.176 

10.43 

& 

.259 

.178 

10.47 

.262 

.168 

10.19 

.229423 

.139 

9.291 

4 

J238 

.150 

0.619 

.232 

.142 

9.377 

.204307 

.111 

8.278 

6 

.220 

.128 

8.892 

.212 

.119 

8.568 

.181940 

.0877 

7.366 

6 

.203 

.109 

8.206 

.192 

.0976 

7.760 

.162023 

.0696 

6.561 

7 

.180 

.0869 

7.275 

.176 

.0820 

7.113 

.144285 

.0652 

5.842 

8 

.165 

.0721 

6.660 

.160 

.0677 

6.466 

.128490 

.0438 

6.208 

9 

.148 

.0580 

6.981 

.144 

.0548 

6.800 

.114423 

.0347 

4.633 

io 

.134 

.0476 

5.416 

.128 

.0434 

5.173 

.101897 

.0275 

4.126 

11 

.120 

.0382 

4.850 

.116 

.0357 

4.688 

.090742 

.0218 

8.674 

12 

.109 

.0315 

4.405 

.104 

.0286 

4.203 

.080808 

.0178 

3.272 

13 

-.095 

.0239 

3.840 

.092 

.0224 

8.718 

.071962 

.0187 

2.914 

14 

.083 

.0183 

8.365 

.080 

.0169 

3.238 

.064084 

.0109 

2.695 

15 

.072 

J)137 

2.910 

.072 

.0137 

2.910 

.057068 

.00863 

2.310 

16 

U)66 

.0It2 

21627 

.064 

.0108 

2.687 

.050821 

.00684 

2.053 

17 

.068 

.00891 

2.844 

.056 

.00832 

2.203, 

^045257 

.00543 

1.832 

18 

.049 

.00636 

1.986 

.048 

ixmo 

ijm 

.040303 

.00430 

1.631 

19 

,042 

.00467 

1.C97 

.040 

.00423 

1.617 

.035890 

.00341 

1.451 

20 

.085 

.00325 

1.416 

.086 

.00844 

1.455 

.0M961 

Mzn 

1.2» 

11 

.082 

XK)271 

1.203 

»Q32 

M0a69 

1.298 

.038462 

.00216 

1J62 

22 

.008 

.00208 

1.182 

.028 

.00207 

U32 

.025346 

.00170 

1.026 

23 

.025 

.00166 

1.010 

.024 

XX>152 

.9700 

.022572 

.00136 

.913 

24 

.023 

.00128 

.8892 

M2 

.00128 

.8891 

,020101 

.00107 

.814 

25 

jm 

.00106 

.6083 

.020 

.00106 

.8083 

.017900 

.000849 

.724 

26 

.018 

.000859 

.7226 

MS 

i)0O867 

«7275 

.015941 

.Q0Q(S2^ 

.644 

27 

.016 

.000678 

.6467 

.0164 

.000712 

.6628 

.014196 

.000684 

.674 

28 

.014 

;00651O 

.6668 

X)148 

.000579 

M9% 

.010641 

fi9O0» 

.511 

29 

.018 

.000448 

.5254 

.0136 

.000489 

.6497 

.011267 

.<K)0836 

.466 

SO 

.  At% 

j0e0S82 

.4850 

i)124 

.000408 

.5018 

.«! 

.009066. 

^ 

31 

.010 

.000205 

.4042 

.0116 

.000357 

.4688 

.000211 

32 

0)09 

.000215 

.3638 

.0108 

.000309 

.4366 

.007950 

:000167 

.821 

33 

.008 

jmno 

.3283 

.0100 

.000265 

,4042 

.007080 

.000133 

.286 

34 

JOffl 

.000130 

.2829 

.0092 

.000224 

.3718 

.006305 

.000105 

.264 

35 

.005 

.0000662 

.2021 

.0084 

.000187 

.3395 

.005615 

.0000887 

.226 

36 

.004 

.0000424 

.1617 

.0076 

.000153 

UJ072 

.005080 

iKlN)662 

.202 

37 

.0068 

.000122 

.2748 

.004463 

.0000526 

aso 

38 

.0060 
.0052 
.0048 

.0000962 
.0000714 
.0000608 

.2425 
.2102 
.1940 

.003965 
.003531 
.0OJ144 

.0000417 
.0000380 
/K)00262 

.160 

39 



.142 

40 

..,.^ 

...... u.... 

.127 

41 

'"'\ 



.OOU 

.0000513 

.1778 

42 

.0040 
.0086 

.0000423 
.0000^44 

.1617 
.1456 

43 

Z".'.'."'.\ 

44 



.0082 
.0028 

.0000271 
.0000^207 

.1298 
.1132 

45 

.!!'.!*.!'.»!! 

48 





.0024 

.0000152 

.0970 

4T 
48 
49 



.0020 

.0000106 

.0808 

:::::::::::: 

~ 

.0016 
.0012 
.0010 

.0000068 
.0000038 
.0000026 

.0647 
.0485, 
.0404' 

/Goo 

^le 
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-j.^  "fTUT  "^ — w^ — ^  '~'  "*^™  thot'On^niy  B^nMTMif  tnira  tne  iicIotflVAce  to 
the ^ttrmW mtthftigttAmf  Uincashirp,  ftu,  gauges;  insteHd  of  at  once  denoting  tbe 
thickness  atttf  diameter  of  sheets,  wire,  Ac,  by  the  parts  of  an  inch ;  as  hai^  Ions 
been  suggested.  Thus,  No.  V^,  or  No.  ^  wire,  or  slieet-metal  of  any  kind,  should 
be  onderstood  fte  mean  )>^  or  ^  «f  an  ineh  diam,  or  thicknese.  To  avoid  mistakes, 
whicli  are  very  apt  to  o<;cnr  ft-um  the  number  of  gauges  in  use ;  and  from  the  absurd 
practice  of  applying  the  same  Nu.  to  different  thicknesses  of  different  metals,  in  dif- 
ferent towns,  ft  is  best  to  ignore  them  all ;  «nd  in  giving  orders^  to  define  the  diam- 
eter of  wire,  and  the  thickness  of  sheet-metal,  by  pnrts  of  an  inch.  Or  the  weiglit 
per  hundred  ft  for  wire;  or  per  sq  ft  for  sheets,  may  bo  employed.  We  believe  that 
the/rT<^otn^  Birmingham  gauge  applies  to  sine,  copper,  brass,  and  lead;  although 
it  is  generally  stated  to  be  for  iron  and  steel  only..  Another  Birmingham  gauge  {a 
used  for  sheet -brass,  gokl,  siTver,  and  some  other  metals;  but  we  have  never  seen  it 
stated  what  those  others  are.  There  are  different  gauges  even  for  wire  to  be  used 
for  different  purpo$n;  and  Yarious  firms  have  gauges  of  their  own ;  not  even  accord- 
ing among  themselves. 

Aa  Mr.  Stubs  makes  vaiious  Boglish  gauges,  the  ter^n  **S(ul^  i^aaffe'*  by 
Uaeiff  means  nothing.  QenOTalljr,  however,  in  our  machine  shops,  it  appUes  to  the 
Birmingham  gauge  ot  t|ke  preceding  table. 

Btrmtai^aBi  |pa«c«  for  sheet  Bmns,  Stlrer,  €l«14«  and  all  metals 
except  iron  and  steel  f 


No. 

ThlokD's. 

No. 

ThlQka'i. 

No. 

Thickn-8. 

No. 

Ttilokii'a. 

No. 

Tbloka'a. 

No. 

Thloka's. 

Ineh 

IMH 

iBek 

Ineh 

Ineb 

Inch 

1 

.004 

7 

.01ft 

13 

.036 

19 

.OW 

25 

.095 

81 

a33 

2 

.005 

8 

.016 

14 

.041 

20 

.067 

26 

.103 

32 

.143 

8 

.066 

g 

.019 

16 

.047 

21 

.072 

27 

.113 

83 

.145 

4 

.010 

K) 

.024 

16 

.051 

22 

.074 

28 

.120 

84 

.148 

b 

.012 

11 

.029 

17 

.067 

23 

.077 

29 

.124 

85 

.158 

« 

.018 

12 

.034 

18 

.061 

24 

.082 

30 

.126 

86 

a67 

Tbe  mills  rollingr  sheet  iron  tm  tbe  ITBtted  States  gentraUy 
use  the  following,  which  varies  slightly  from  the  Birmingham  gauge: 


^, 

lbs  per 
•  .   g^  it- 

No.*. 

1»»8  per 

No, 

lbs  per 

No. 

lbs  per 

1 

12  50 

8 

^  .^M 

15 

2.81 

02 

2 

12i)0 

9 

6.24 

16 

2.50 

23 

1.12 

11.00 

10 

5.62 

17 

2.18 

24 

1.00 

10.00 

a 

5.00 

18 

1.86 

25 

m 

8.75 

12 

4.38 

19 

1.70 

26 

.80 

•  v^- 

n 

■8.73 

20 

1.54 

27 

.72 

14 

3.12 

21 

1.40 

28 

.64 

I  dfdA^  by  MCnge  nuinber,  and  it  la 
nited  States  fill  the  order  as 


I  the  Unrlte< 


Wbem-  Wtri,  «be^-¥MHJtIi  *b.,  ^ixfi  tM 
not  specified  what  g«dg4  ii^fch<M7  deAto<%  in  1 

iBrass.  bronse  or  German  Silver  in  sheets,  German  Silver  wire,  brszed  brass,  bronze^ 
sine  or  copper  tubing,  by  Brown  &  bhai  pe^  (or  **  Ameridftn  ")  gauge,  last  column, 
p.  410. 

Copper  in  shefiH ;  brass  and  cofiper  wire ;  seankless  brass,  luY)miaor  oopper  tubing; 
and  nmall  brass  rods ;  by  Stubs'  (or  Birminghemi)  gauge,  first  column,  p.  410. 
-'Ap«rbAA«Mate  prioea  per  peviMff,  of  1yMt«  laid  ebpper  wti^y  Kbs. 

0  to  26;  for  100  lbs.  or  more.  Merchant  &  Co.,  517  Arch  St.  Philadelphia.  Copper, 
§0  to  40  Qta.;  high  brass,  22  to  32  cts.;  low  brass,  26  to  36  cto.  Disoomnt,  1888, 10  to 
20  per  cent. 

OfliMbMaied  Of"  hard  brass  wire  has  AhMt^tlM  the  fltrsiigtlii  of  4iiatiibla|kU^^ 
and  about  }  more  weight.    If  annealed,  onljr  nXL  half  the  str«agth. 

Havd  ^Ppc>^  DTlre  may  be  taken  at  %  of  the  tabular  strengtha^  and  ftil] 

1  more  weight 
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IRON  WIBS^ 


TaUto  off  ChmrmomlMr9n  Wire  mMl«  teXM|Mten  bop^qf*^ 
Trenton,  N.  J.  The  numbers  in  the  first  column  are  those  of  ule  TrOMtbk  IrOB 
Co's  gmnge,  Thd  corresponding  diameters  in  the  second  column  will  he  seen  to 
be  B(Hnewbat  lea^  than  those  of  the  Birmingham  gauge,  p  410. 


Ko. 

DUm. 
ios. 

Lineal 

fcettothe 

Poand. 

Teaaiie 
Strgth 

No. 

DUm. 
ins. 

Lineal 

feet  to  the 

Peund. 

TBDtlle 

Strgth 
A^pro* 

Ko. 

DIUB. 

ins. 

Lineal 
feet  to  ike 

Pound. 

00000 

.450 

1.863 

12598 

11 

.1175 

27.340 

1010 

26 

.018 

1164.689 

.0000 

.400 

2.358 

9955 

12 

.105 

34.219 

810 

27 

;017 

1806.670 

000 

.360 

2.911 

8124 

13 

.0925 

44.092 

•681 

28 

.016 

1476.868 

00 

JH30 

8.465 

6880 

14 

jm 

58.916 

Z 

29 

.015 

1676.989 

0 

.305 

4.057 

5926 

15 

.070 

76.984 

30 

U)14 

1925.8il 

.285 

4.645 

5226 

16 

.061 

101.488 

292 

31 

.013 

2232.653 

.265 

5.374 

4570 

17 

.0525 

137.174 

222 

32 

.012 

2620.607 

.245 

«.286 

3948 

18 

.045 

186.335 

1«9 

88 

.011 

8119.092 

.225 

7.454 

3374 

19 

.040 

236.084 

137 

34 

.010 

8778.684 

.205 

8.976 

2839 

20 

.035 

808.079 

107 

35 

.0095 

4182.606 

.190 

10^458 

2476 

21 

MX 

392.772 

86 

jm 

4657.736 

7J 

.175 

12.322 

2136 

22 

.028 

481.2.S4 

37 

.0085 

5222.085 

.160 

14.736 

1813 

23 

.025 

603.863 

38 

.008 

5896.147 

.145 

17.950 

im 

24 

.0225 

745.710 



39 

.0075 

6724.291 

10 

.130 

22.333 

1283 

25 

jm 

948.896 



40 

.007 

7698^263 

TiM  wire  Ul  this  teUe  it  suf  posed  to  be  bard,  bright,  or  unannealed. 

The  figures  in  the  column  at  tensile  strength  are  based  upon  tests  made  with  good 
charcoal  i^n  wire  from  Trenton  blooms. 

The  tensile  strength  of  wire  made  of  is  about 

Good  refined  iron 15  percent,  less" 

Swedish  cbartoAl  iron 10      " 

Mild  Bessemer  steel 10      "      more 

Ordinarj  crucible  steek 26      ** 

Special  crucible  steel 30  to  120      « 


than  that  of 
bright  charQoiU 
wire.  iriTfU  in 
the  above  table. 


Annealing  renders  wire  more  pliable  and  ductile,  but  less  elastic:  and  rvdueea  the 
teuUe  streafftb  by  turn  Jtt  t»  Sfiiper  ««ut. 


Tift  find  approxf iMaiely  the  nnmber  of  etvftliclKt  wires  tkat 
can  be  irot  Into  a  cable  of  i^iven  dlanieler« 

DiTide  the  diameter  of  the  cable  in  inches,  bj  the  diameter  of  a  wire  in  inches. 
Square  the  quotient  Multiply  said  square  by  the  decimal  .77.  The  result  will  be 
correct  within  about  4  or  5  per  cent  at  most,  in  a  cylindrical  cable. 

Tbe  Nollfllty,  or  metal  area  of  all  tiie  wires  in  a  cable,  will  be 
to  the  area  of  the  cable  itself,  about  as  1  to  1.3.  In  other  word^  the  area  of  the 
voids  is  nearly  %  that  of  the  cable;  while  that  of  the  wires  is  fully  ^  that  of  the 
cable.    All  approximate. 

Prlce>ll>t  of  CHarcoal  Iron  and  |teef  enwr  fttftpl  Wiry**   ftrj^ht 

and  annealed.    Trenton  jTron  Co. 

Nos.  0to9,     10  A 11,    12,  18«kl4,     16  «k  16,     17.     18,     19,     20,    21,     M, 

CIS  per  lb.     10  11,       IIH,    ^2%  14,         16,     16,     19,     aoj    211    2? 

Nos.  28,     24,     26,     26,     27,     28,     29,     80,     81,     82,     88,     84.     &%     8«, 

CUperlb.8a,     24,     26,     26,     28,     29,     80,     88,     88,     86,     •?,     40,     4^     S; 

Price-Mat  of  €a»t  (criMable)  9teel  WUse-t   Trenton  «ron  Co. 

Koe.  6  to  6,  7  to  9,  10  A  11,  12,  13,  14,  15,  16,  17.  18,   19,  20,  21,  22,  28; 

CtsperlH.     28,        24,  25,       28,  28,  80,  82,  88,  84,  86,  881  40,  91^,  90,  7? 

Tke  Co  MMko  other  wire  ef  specified  qmlHy  to  order:  alse  IVlro 
Ropes,  and  fiitisgs  for  same.    See  p  aST         ^   .  ,  ■«•  wi»o 


♦  piscounts  on  iron  and  Beuemer  «teel  Wire  (bright  or  antiealea).   Koe.  tUMd  to 
Mahout  60  to  75  per  cent    No*. 37  to  45,  about  60  per  cent     1888.  "«~w  »« 

*  discount  on  orucibU  Ued  wire,  about  50  to  60  per  cent     188J. 
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Tuble  of  Wire  Rope  manuiactived  l>y  John  A.  Wt»em$a^  i 
Co.9  Trenton,  S.  J.  Prices  ^^^  net.  except  on  larg«  orders.  Tiie  pikes 
And  weights  giveu  are  for  ropes  with  hemp  centers.  When  nmde  with  win  center* 
the  prices  are  une-teuth  higher,  and  the  weights  one-tenth  greater. 

Rope  of  133  Wires  (19  wires  in  a  strand). 


Di»m. 
In*. 


dr. 
camf. 
Ins. 


Pounds 

per  foot 

run. 


8.00 
6.30' 
6.25 
4.10 
3.66 
3.00 
2.50 
2.00 
1.58 
1.20 
0.88 
0.60 
0.44 
0.36 
0.26 


Breaking  load,  lbs. 


Iron,* 


148000 

130000 

108000 

88000 

78000 

66000 

64000 

40000 

32000 

23000 

17280 

10200 

8540 

6960 

600a 


200000 

212000 

172000 

154000 

126000 

104000 

84000 

66000 

50000 

86000 

28060 

18000 

16q00 


Minimum  di«m  of 
4ram,  in  ft. 


Iron.       Csttst't* 


8 

7 

6.5 

5 

4.75 

4.5 

4 

3.5 

S 

2.75 

2.5 

2 

1.75 

1.6 

1 


9 

6 

7.5 
6 
5.5 

5* 

4 

8.75 

8.6 

3 

2.76 

2 


Price  per  ft  mo, 
tn  cents. 


Iron.*  OsHit* 


100 

78 


63 
43 
36 
29 
26 
20 
16 
14 
12 
10 


162 
120 
100 
80 
71 
60 
50 
41 
34 
27 
21 
18 
17 
16 


Rope  of  49  WiPM  (T  WtVMI  tO'  «il4»  iMMlMI). 

Price  per 

foot  run, 

IVude 

man. 

C         If. 

Poandsper 

ineenu. 

Ko. 

Ins 

,• 

lron.» 

Castst'l* 

11 

lU 

^% 

8.37 

72000 

129000 

t§ 

70 

12 

J% 

(ft? 

2.77 

60000 

104000 

60 

13 

•\lx 

m^ 

2.28 

60000 

68000 

34 

50 

14 

liz 

^B 

1.82 

40000 

72000 

27 

40 

15 

1 

3 

1.60 

S2U00 

60000     . 

23 

32 

16 

25^ 

1.12 

246C)0 

44000 

19 

25 

17 

3Z 

^B 

0.88 

17600 

84000 

14 

19 

18 

1  , 

^15 

0.7^ 

159bO 

2800a 

12 

16 

19 

L/ 

\j2 

<   0^7 

IlfiQP 

82090 

lOH 

14 

20 

JL 

lAZ 

0.41 

8200 

16000 

8 

11 

21- 

iz 

Its 

0.31 

5660 

12000 

7 

8 

22 

ft 

\lx 

0.-23 

4260 

6H 

23 

liz 

0.10 

3300 

8000 

6 

7 

24 

i 

1 

0.16 

2760 

•6000 

4 

5 

25 

% 

0.125 

2060 

8^ 

... 

Notes  on  tbe  Use  of  Wire  Rope,  by  the  Roeblings  Co. 

The  ropes  with  19  wires  per  strand  are  tbe  moft  pliable,  and  tberefore  best  adapted  for  L.^. 

att<1  ma«tB|C  it»pe.  The  others  are  stilfer  and  better  adapted  for  nys,  te.  Bopes  of  iron  or  ste^ 
SP  to  S  Ins  alaai,  made  to  order.  For  the  safe  wwrklnc  ImhI  take  one^fifth  to  one-seventh  of 
the  breaking  load,  according  to  speed.  Heaip  eeater  rope  is  more  pliable  than  wire  center.  Wire 
rape  Biwat  ■•€  be  e^ed  or  unooUed  like  hemp  rup«.  When  on  k  reel,  the  latter  should  be  mounted 
mm  a  spindle  or  flat  turn-table  to  pay  otT  tbe  rope.  When  fbrwarded  In  a  small  coil  without  a  re- 1, 
voU  it  on  tbe  ground  like  a  wheel,  and  thus  run  off  the  rope.  Avoid  uotwisttng  And  short  bends.  To 
mreaerTe  wire  r«pe,  applr  raw  linseed  oil  (which  mav  be  mixed  with  an  eanal  quanti^  of  Spsii- 
Uh  brown  or  lampblack;  with  a  piece  of  sheepskin,  keeping  tbe  wool  against  the  rope.  If  for  ase 
fal  water  or  W»4er  sremid*  Add  1  bushel  of  fresh  slacked  lime,  and  some  sa^dnst.  to  1  barrel  of 
tar.  Boil  the  mixture  well,  and  saturate  tbe  rope  with  it  while  hot.  Never  use  KaWaalsed  rope 
for  ruHnin^  rope.  The  grooves  of  east>lron  pwllejrs  should  be  filled  with  blocks  of  well-seesoned 
hard  wood,  set  on  end.  l.«ather  or  india-rubber  is  better  where  ibe  pulleys  are  large  and  ma  very 
fast.  GalTanfated  wire  rope  for  rigging  is  cheaper  and  more  durable  than  hemp  rope ;  and  does 
net  stretch  permaaeutly  under  great  strains.  Its  bulk  is  one-sixth,  and  its  weight  one-half,  that  of 
hemp  rope.  Roebling's  wire  rope  has  been  made  the  standard  by  the  U.  States  Navj  Department. 
Skaakles*  saeketa*  swlrel-bookst  and  ftstoalajC"-  ^o  famished  and  put  on.  and  splices 
nada.  Palleir  wheela  furnished.  Ali«o.  salraalaed  steel  aaMes  for  svspenstoa  brMaes. 
Craefble  eiut-Meel  wire  rdpes  are  much  more  dqrable  tbkn  iroh  ones.  They  should  be  kept  well  lO' 
brieated.    Tha  fbregoing  is  condensed  from  tbe  cttroular  of  the  Boeblings  Co. .^ 

»  Bomb  of  Besiwmer  steel,  and  of  Siemens-Martin  steel,  are  sold  at  the  same  priees  as  iron  rn[.fl«. 
TberlMTe  stood  higher  strains ;  but.  in  view  of  the  lack  of  uniformity  in  those  steels,  It  is  not  adv* 
abM  to  reduce  their  dUm  below  that  of  iron  rope  for  the  same  work.^^  ^^.^^^     Vjvj*^  V  ic 
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I '  firSohaylltAr  Oo.  fte.  a  wfre  rope  generally  ksU^loi^Vb^^gh  «6  nift*  dM  «»il- 
ItoB  of  toDA  of  goal  up  a  ptaM  half  a  mile  long,  and  riaing  1  in  10.  Theordnaary  dftMUtolioa  iaoHned 
jtlanet  ihr«ogb9ut  Uiu  •ouatrj  it  from  IH  to  i  jean,  aoeordtng  to  the  amount  ef  serrioe;  amd  also 
greatly  to  tbe  care  tak«a  of  them,  aad  of  the  sheaves  and  rollers  upon  whiob  tbejr  move. 

Ou  the  Mt  Pisgah  plane,  2300  ft  long,  rising  830  ft,  for  raising  empty  coal  oars,  and  lowering  loaded 
onen,  thin  iron  jniids.  1  iODlies^Ma.  aad  9}»mb%  iaclr  thldk,  have  iaea  osed i»MMd  of  ropes.  They 
scarcely  exhibit  any  sign  of  wear  in  several  years.  They  should  be  riveted;  beiof  apt  to  break  i/ 
welded.    Steel  would  probably  be  the  best  material  in  many  cases. 

Table  of  Hanilla  rope. 


Diara. 

Circ. 
Ins. 

Wtper 
foot. 

4b8. 

BreakiBg  kxid. 

Diam. 
Ins. 

Circ. 
Ins. 

Wtper 
foot, 
lbs. 

Breaking  load. 

Ins. 

Tons. 

Ibt. 

Tons. 

lbs. 

.239 
.318 
,477 
.636 
.79& 
.955 
1.11 
1.27 
1.43 
1.69 
1.76 

1^^ 

ill* 
j033 
.074 
,132 
4206 
*297 
.404 
-.628 
.668 
^2i 
,998 

J26 
JSb 
.70 
t21 
1,91 
a.73 
3.81 
6.16 
&60 
6.20 
ftSO 

660 

784 

1668 

2733 

4278 

6116 

8634 

11668 

14784 

18368 

21969 

1.91 
2.07 
2.23 
2.89 
2.66 
2.86 
8.18 
3.60 
8.82 
4.14 
4.46 

6 

9 
10 

n 

12 
13 
14 

1.19 
1.39 
1.62 
1.86 
2.11 
'    2.67 
3.30 
3.99 
4.76 
6.68 
6.47 

11.4 
13.6 
146 
16.2 
17.8 
21.0 
24.2 
27.4 
30.6 
83.8 
37.6 

25636 
29120 
32764 
36288 
39872 
47040 
64208 
61376 
68644 
76712 
82880 

The  strenslJb.Oif  IftDnAHll'iWtllO,  lili«»llwt  •ftb«t4Poiv  i4rery  rariable  ; 
»nd  so  with  hemp  ones.  The  above  table  supposes  aa  average  qualky.  Ropes  of 
good  IkUian  hemp  are  considerably  stronger  than  Manilla;  but  their  cost  excludes 
tlieni  from  general  use.  Tbe  f«rriil|r  of  rojpes  is  said  to  lessea  their  stresKth ; 
and,  wheu  ex}»oeed  to  the  weather,  their  durability  ateo.  We  believe  that  the  ifte  of 
it  in  standing  riggiag  19  partly  to  dininish  contraction  and  expansion  by  alternate 
wet  and  dry  weather.  Tbe  eommoii  rules  for  finding  the  strength  of  rope 
by  multiplying  the  square  of  the  diam  or  circnmf  by  a  given  coefflci^dt  are  ealirely 
errqneouB.    Aiees  in  Philada,  1888,  Manilla,  13  to  14  cts  per  lb;  Italian  hemp. 


20  cts;  American  hemp,  }2  cts;  Sisal  hemp,  10  cts;  jute,  (E.  Indies,)?  cts. 
Fitler  &  Co.,  23  N.  Water  St,  Phila. 


E.H. 


The  strengths  of  pteees  frcMn  the  same  coil  may  vary  26  per  ct. 
A  few  inonlhs  of  exposeil  work  weakens  ropes  20  to  60  per  ct. 

WfiiGHT  AND  STREHOTH  OF  IROK  CHAIIfS. 
Table  of  strengrtb  of  ebains. 

Chains  of  superior  iron  will  require  ^  to  ^  more  to  break  them.    (OrigiBal.) 


Diam  of  rod 
of  which 
the  links 

Weight 

Breaking  strain 

Diam  of  rod 
of  which 
the  links 

Weight 

Broking  strain 

of  chain 
per  ft  run. 

of  the  chaba. 

of  chain. 

of  the  chain. 

are  mtde. 

r  ■  r  •  ■■  -  •    ■»  - 

are  made. 

per  ft  run. 

Ins. 

Pd3. 

pds. 

Tons. 

Ins. 

Pds. 

Pdf. 

Ton«. 

3-16 

.5 

173t 

.773 

10.7 

49280 

2260 

E« 

.8 

3069 

1.37 

^H 

12.5 

69226 

26.44 

1. 

•  4794 

2.14 

H 

16. 

73114 

32.64 

?^u, 

1.7 

6922 

8.09 

18.8 

88301 

39.42 

2. 

9408 

4.20 

ii2 

21.7 

105280 

«7.00 

^m 

2.6 

12320 

6.60 

l^z 

t 

123514 

56.U 

3.2 

15590 

6.96 

1% 

148298 

63  97 

^ 

4.3 

19219 

8.68 

1j2 

32. 

164606 

7344 

11-16 

6. 

23274 

10.39  • 

2 

38. 

187152 

83.65 

H 

8.8 

27687 

12.«6 

2V^ 

64. 

224448 

100.2 

1316 

6.7 

82301 

14.42 

71. 

277088 

128.7 

tI*.» 

8. 

37632 

16.80 

J»£ 

68. 

89M28 

149.7 

9. 

•48277 

19,S2 

3 

106. 

S96944 

1T8.1 

y  Google 
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The  links  vf  or^inarir  Iron  chains  are  nsoalTy  made  m  strdtt  M  is 
GonsiHteDt  with  easy  play,  in  order  that  they  may  not  become  bent  when  wound 
around  drams,  sheaves,  Ac ;  and  that  they  may  be  more  easily  handled  in  slinging 
large  blodu  of  ston«,  Ac.   U.  S.  Qefwt.  exptes,  1878,  ]H^ve  that  studs  weaken  the  link*. 

When  M»  BMkde,  their  weight  p«r  foot  ran  la  qalte  approzimatcfly  8M  times  that  of  a  single  bar  of  th« 
roaod  iron  of  which  Outj  tat  omapo0BA.  SfiMW  rMh  linit  oonslsla  of  t««  «ifekB«MM  ^  Bar,  fc-  nUgUt 
be  aupposed  tha>«  cbaio  woul4  paMP«9  AsBft^Mbt*  the  atrength  of  «  ■in«l«  bar ;  but  the  Btrragth  of 
the  bar  becomes  reduced  about  ^^,  by  being  formed  into  links ;  so  that  the  chain  raaMy  kaa  butabent 
^j.  of  the  BtTOBg^  of  twobars.  Asa  thi(A  bar  of  i^on  will  not  sustain  as  hear  j  a  load  in  proportion  as  a 
thinner  one,  so  ^  oonrse,  stout  drains  are  praportlonabty  weaker  tf  an  slighter  onea^  In  the  foregoing 
table.  30  tons  pf-  n  inek,  is  assumed  as  the  average  breaking  strtf  n  of  a  single  straight  bar  of  ordi- 
n  try  rolled  ironl,  1  Inoh  in  dian|;  or  1  inch  sqnafe;  19  tons,  fk-onikl  to  2  ins ;  and  |8  tons,  ftt>m S  to  3 
ins.  Deducting  J*^  f^om  each  if  these,  we  har«  as  the  breaking  strain  of  the  t»o  bars  composing 
each  link,  as  follows :  14  tons  p^r.  «g  infift,  op  fo  1  in^h  diamj^3.3  tons,  trom  1  to  2  ins ;  and  13.6 
tons,  from  2  to  3  ins  diam:  and  npoirtfeeiie  aMtniiptlons  Are  taBib  is  based.  The  wts  are  approxi 
mate ;  depending  upon  ibe  exactness  of  diameter  of  the  iron,  and  shape  of  link. 

ApproiCtinate  prices  of  e1ialna»  io  coats  per  potind.  Bradlee  A  Co., 
Bnsqnehanna  ATenne  and  Beach  Street,  Philadelphia,  ISdS. 

Diameter  of  rod  from  which  the  links  are  made;  ins *      %       \i  ^ 

"Ordinary  proved  or  coil  chain „,...    6%     6j|  ?i% 

Crane  cliain .- ^ %%     7  A% 

Chain  oC  combined  iron  and  Bteel...*....*.^ »,..  14  11  8 


ROI.I.ED  I.KAB,  COPPRB,  Und  BRASS:  Sheets  and  Burs. 

TUekness 
or 

COSPBB. 

BBASd. 

Tblcknesf 
or 

Diameter, 

Diameter, 

or  aide. 

Sheets. 

Sqnare 

Rosmd 

Sheets, 

Square 

Bound 

Sheets, 

Square 

■oond 

or  side. 

ia 

per 

Bars; 

Bars; 

per 

iTJU 

Bars; 

per 

Bars; 

Bars: 

.   '° 

laehM. 

Sqmre 
root. 

IPoet 

tPeot 

a^uuv 

IFoot 

Square 
Foot. 

IPoot 

IFoot 

Uohei. 

long. 

long. 

Fool. 

leng. 

long. 

lofig. 

long. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

1-S2 

1.88 

% 

.004 

1.44 

•.604 

.003 

I.S8 

.004 

.0)3 

1-82 

1-18 

l.^» 

.mS 

2.89 

.015 

.012 

2.71 

.014 

.011 

1.16 

8-33 

'    6.e8 

.044 

.034 

4.33 

U»4 

.027 

4.06 

.032 

joa& 

8-32 

H 

7.44 

.076 

.0  1 

5.77 

.060 

.047 

6.42 

.056 

.044 

6  32 
S  1& 

H.t 

.121 
.lU 

„   ^5 
.     .17 

7.20 
8.88 

■•:gj 

^ 

6.75 
8.13 

« 

% 

732- 

-is.e 

.5S 

.lfc7 

10.1 

.184 

.144 

9.50 

.178 

.186 

7^2 

-.fii. 

14. 

.214 

11.6 

.240 

.189 

10.8 

.226 

.m 

M 

.-18. 

-  .48» 

.311 

14.4 

.376 

.05 

13.5 

.853 

.2fY 

6  16 

?^u 

22. 

.888 

.5  8 

17.8 

.641 

.425 

16.8 

Ji08 

.899 

H 

29. 

.850 

.746 

20.2 

.736 

.578 

19.0 

.691 

JM» 

7-16 

H 

19. 

1.24 

.9  4 

23.1 

.962 

.756 

21.7 

.903 

.709 

H 

•  18 

S3. 

1.57 

I.2I 

26.0 

1.22 

.955 

24.3 

1.14 

JOO 

916 

H 

17. 

1.»4 

1.58 

28.9 

1.50 

1.18 

27.1 

1.41 

l.U 

H^ 

IMS 

40. 

<.34 

1.81 

81.7 

1.82 

1.4» 

29.8 

1.70 

1.84 

1116 

H 

44. 

2.79 

2.18 

84.6 

2.16 

1.70 

32.6 

2.03 

1.60 

H  ^ 

13-U 

48. 

1.27 

2.5 

87.6- 

2.55 

1.99 

35.2 

2M 

1.87 

1316 

iJ^ie 

52. 

8.80 

2.9  1 

40.4 

2.94 

2.31 

37.9 

2.78 

2.17 

.    "^  . 

M 

4.37 

S.4I 

43.3 

3.38 

2.65 

40.6 

8.18 

2.49 

1516 

1. 

w. 

4.W 

8.90 

48.2 

3.85 

8.02 

43.8 

8.61 

2,84 

I. 

\H 

«6.| 

827 

*-^ 

62.0 

4.87 

8.82 

48.7 

4.67 

8.60 

IH 

IH 

14. 

7.76 

8.0  1 

67.7 

8.01 

4.78 

54.2 

5.64 

4.48 

81.  ! 

9.8T 

7.3 

83.6 

7.28 

5.72 

59.8 

8.82 

5.87 

1^ 

IM 

80. 

11.2 

8.7T 

09.3 

8.65 

8.80 

63.0 

8.1(2 

6.88 

13^ 

IK 

M. 

13.L' 

10.9 

75.1 

10.2 

7.98 

70.4 

9.53 

7.49 

IK 

1« 

m;4. 

15.2 

ll.» 

80.8 

11.8 

9.26 

75.9 

ll.l 

8.68 

IK 

IX 

H2- 

17,6 

18.r 

86.6 

13.5 

10.6 

81.3 

12.7 

9.97 

IK 

2. 

119, 

19.ti 

i6.es 

92.8 

15.4 

12.1 

86.7 

14.4 

11.8 

2. 

Approxtmate  n«t  price*.    Merchant  A;  Go.,  6iT  Ared  ISt.,  Philadelphia,  1888. 
Copper  sheets,  Nos.  1  to  24,  25  cts.  per  )b.    Copper  ingots,  18  cts.  per  pound.    Brass 
,  No.  18  and  heaTier,,2  to  14  inches  wide^  18  fit^  |)^r  1^.  .  >    -       ■ 

.       '  I     '    .  ft 
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WBIGBX  OF  MEXAL8. 


Kmof  eopper  is  nsaally  in  sheeUi  of  ^  ft  X  6  ft ;  or  12U 

■quftre  feet,  wetgiung  10  to  14  lb*  per  sheet;  and  U  laid  on  boards.*  No  solder 
Is  used  in  the  horizontal  Joints  as  it  is  in  tin  roofs ;  bnt  both  the  borlBontal  and 
Ihe  sloping  Joints  are  famed  by  eat j  overlapping  and  bending  the  slieets.  muoh 
as  shown  by  the  8ge  on  page  418 ;  except  that  the  horlsental  Joints  are  bent 
or  locked  together,  as  in  this  Bgore ;  and  then  flattened  down  close. 

Sheet  lead.  Price,  Philada.,  1888,  about  6^  oto.  per  lb. 
Tatham  Bros,  2*26  S  Fifth  8t.    List  of  »taiidard  wU»  in  lbs  per 

tq  ft.    Thicknetwes  in  decimals  of  an  inch. 


WL 

Th. 

Wt. 

Th. 

Wt, 

Th. 

Wt. 

Th. 

Wt. 

Th. 

Wt. 

Th. 

8 

.04t 
.061 

4 
5 

.068 
.085 

• 
7 

.102 
.119 

8 

9 

.188 
.158 

10 
12 

.ITO 
.208 

14 
16 

.237 
.271 

WEIGHT  OF  HAIAM. 

Diameter 

In 
Inches. 

Cmt 

Cast 

Omv 

Cast 

Lead. 

COPPBB. 

BkajBS. 

UOH. 

Lbg. 

Lbs. 

Lbs. 

Lbs. 

5} 

JD26 

.021 

.019 

.017 

.068 

.070 

.063 

.068 

1. 

.200 

.167 

.148 

.136 

.408 

.885 

.200 

.266 

.706 

.562 

.501 

.460 

^ 

1.12 

.898 

.795 

.731 

2. 

1.67 

1.33 

1.19 

1.07 

H 

2.M 

1.90 

1.69 

1.55 

H 

8.25 

8.60 

2.32 

2a3 

H 

4.34 

8.47 

8.09 

2.83 

8. 

5.63 

4.50 

4.01 

8.68 

7.15 

6.72 

5.10 

4.68 

8.V4 

7.14 

6.36 

5.85 

^ 

11.0 

8.79 

7.83 

7.19 

4. 

13.4 

10.7 

9.50 

8.73 

16.0 

12.8 

11.4 

10.5 

18  9 

15  2 

18.5 

12.4 

^ 

22.7 

17.9 

15.9 

14.6 

6. 

26.0 

20.8 

18.6 

17.0 

Diameter 
in 


Caot 

Caw 

Gaot 

Coppaiu 

Lbs. 

Lba. 

Lbs. 

•0.1 

94.1 

91.8 

84.7 

27.7 

94.7 

89.6 

81.7 

S.8 

48.0 

86.8 

82.0 

57.2 

45.8 

40.8 

71.5 

17.2 

60.9 

88.0 

70.3 

62.6 

106. 

86.3 

76.0 

IV.    . 

••«: 

•1.2 

151. 

108. 

178. 

148. 

127. 

906. 

167. 

148. 

241. 

198. 

172. 

277. 

TO, 

198. 

817. 

253. 

228. 

860. 

288. 

267. 

Lbe. 
1S.8 
12.7 
«.» 
98.4 
87.4 
48.8 
57.5 
§9.8 
88.7 
99.4 

117. 

186. 

166. 

182. 

an. 


TIM  «a%hls  of  bftlls  are  as  the  enbes  of  tiMlr 


I«ead  pipe.    Price,  Philadelphia,  1888,  about  ^  ots  per  lb.    Tin-lined,  16 
cts.    Tathnni  Bros,  nifrs,  226  8.  Fifth  St.    List  of  standard  slses. 
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Se&mlcwi  dimim  bram  and  eopper  tubes  are  made  by  American  Tube 
Works,  Boston,  Mass.;  Ansonia  BraM  aau  Copper  Ca,  AdsodIa,  Gouo.,  otfic«  10  and 
21  Cliflf  St.,  New  York ;  Benedict  k  Burobam  Mfg.  Co.,  Waterbury,  Conn.,  offlctj  VH 
Murray  St.,  New  York;  Bandolpb  A.  Ciowea,  Waterbury,  Oooo.,  and  Bridgeport 
Bram  Co.,  Bridgeport,  Conn.  Tbe  foltowing  siEes  are  kept  in  stock,  iu  12  f» et  ietigtlt«| 
by  Merchant  &  Co.,  617  Arcb  ht.,  Philadelphia.  The  five  columns  signify  as  follows: 

A  =-  oatside  diameter  of  tube  in  inches. 

B  »»  thickness  of  side  by  stubs'  (or  BirmiDgham)  gauge,  (first  column  of  tsble, 
page  410).  When  seamless  tubes  are  ordered  to  gauge  number,  it  is  uuderttood  that 
Utiit  gauge  is  intended  unlf  ss  otherwise  specified. 

G  =»  thickness  of  sides  of  tube  in  decimnls  of  an  inch. 

D  =  weight,  in  pounds  per  lineal  foot,  of  broM  tube  f  r  columns  A,  B  and  0. 
(For  ooppery  add  one-nineteenth). 

K  =-  net  price,  in  cents  per  pound,  <^  bran  tube,  Philadelphia,  February,  1888. 
For  eopper,  add  3  cents  per  pound. 

Tubes  irlil  be  Aarnlsbcd  bard)  unless  ordered  annealed  or  soft. 


A 

B 

18 

C 

.049 

D 

B 

A 

B 

C  1  D 

S 

A 

B 

o 

D 

IS 

i 

.11 

62 

1ft 

13 

.095 

1.68 

25 

2i 

12 

.109 

3.02 

23 

A 

18 

.049 

.15 

47 

1ft 

11 

.120 

2.10 

25 

2i 

10 

.134 

3.68 

23 

1 

17 

.058 

.22 

41 

li 

15 

.072 

1.40 

25 

2ft 

14 

.083 

2.44 

24 

1^ 

17 

.058 

.25 

39 

11 

14 

.083 

1.61 

24 

2ft 

12 

.109 

3.18 

23 

h 

17 

.068 

.29 

36 

u 

13 

.095 

1.82 

24 

2ft 

10 

.134 

3.87 

23 

h 

17 

.058 

.34 

35 

n 

11 

.120 

2.27 

24 

2} 

14 

.083 

2.57 

24 

« 

16 

.065 

.42 

33 

n 

15 

.072 

1.50 

25 

21 

12 

.109 

3.37 

23 

1 

16 

.065 

.51 

32 

n 

14 

.083 

1.72 

24 

n 

10 

.134 

4.07 

23 

i 

16 

.065 

.61 

31 

n 

13 

.095 

1.96 

24 

2i 

12 

.109 

3.50 

24 

1 

16 

.065 

.70 

30 

1* 

11 

.120 

2.44 

24 

n 

10 

.134 

4.26 

23 

u 

16 

.065 

.79 

30 

2 

14 

.083 

1.84 

24 

8 

10 

.134 

4.46 

23 

u 

16 

.065 

.88 

27 

2 

13 

.095 

2.10 

24 

31 

10 

.134 

4.85 

23 

u 

14 

.083 

1.12 

26 

2 

10 

.134 

2.91 

23 

3V 

10 

.134 

5.24 

23 

u 

11 

.120 

1.57 

26 

2* 

14 

.083 

1.97 

24 

3i 

10 

.134 

5.62 

23 

It 

15 

.072 

1.08 

27 

2A 

13 

.095 

2.23 

24 

4 

10 

.134 

6.00 

24 

11 

14 

.083 

1.25 

26 

2i 

10 

.134 

3.10 

23 

4i 

10 

.134 

6.89 

24 

n 

11 

.120 

1.76 

26 

2i 

14 

.083 

2.08 

24 

4) 

10 

.134 

6.78 

25 

H 

15 

.072 

1.19 

26 

2i 

13 

.095 

2.38 

24 

4i 

10 

.134 

7.17 

26 

U 

14 

.083 

1.36 

25 

2i 

10 

.134 

3.29 

23 

6 

10 

.134 

7.56' 

27 

U 

13 

.095 

1.55 

25 

2ft 

14 

.083 

2.20 

24 

6i 

10 

.134 

7.94 

28 

H 

11 

.120 

1.92 

25 

2ft 

13 

.095 

2.51 

24 

61 

10 

.134 

8.33 

29 

n 

15 

.072 

1.29 

26 

2ft 

10 

.134 

3.49 

23 

61 

10 

.134 

8.72 

30 

11 

14 

.083 

1.48 

25 

2i 

14 

.083 

2.33 

24 

6 

10 

.134 

9.11 

31 

Merchant  &  Co.  supply  slaes  up  to  7  inches  outside  or  inside  diHmeter,  and  up 
to  lU  inches  inside  diameter,  c^  otber  f^uges  as  well  ns  those  given  In  the  table ; 
also  tubes  of  special  sbaprs,  such  as  square,  triangular,  octagonal,  etc ;  and 
bronae  tubes. 

They  ub-o  have  in  stock,  in  lengths  of  12  feet,  the  following  8i7.es  of  seamless 
brass  and  copper  tubing,  made  of  same  outside  diameter  as  standard 
sixes  of  Iron  plplnnf,  so  as  to  be  used  with  tbe  same  fittings  as  the  iron  pipe. 

A  «  Nominal  inside  diameter  of  iron  pipe,  in  inches.  For  actual  inside  diameters 
se-flrattHblep.  405. 

B  =  Outside  diameter  of  iron  pipe,  (ind  of  seamless  tube,  in  inches. 

V>  a>  Inside  diameter  of  s  amless  tube,  in  inches. 

I>  -"  Weight  per  foot  of  brati  pipe.  culs.  B  and  C.   For  eopper,  add  one-nineteenth. 

B  »  Price  in  cent^  per  pound  of  braM$  pipe.    For  eopper,  ndd  3  cents  per  pound. 


A  I   B 


•5-  r 


E 


.801  28 


2^  4.15 
2,^  4.50 
3t«ffl  8.00 
Ak    112.24 


B 

22 
22 
22 
24 


31 
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418  TIN   AND   ZINC. 


TIW  AITD  ZlirC. 

The  pnre  metnl  is  called  block  tin.  When  perfectly  pnre,  (which  it 
THTelf  is,  being  purposely  adulterated,  frequently  to  a  large  proportion,  with  the 
cheaper  metals  lead  or  zinc,)  its  sp  grav  is  7.29;  and  its  weight  per  cub  ft  is  456  9)8. 
It  is  suflaciently  malleable  to  be  beaten  into  tin  foil,  only  yjjVo"  ^  ***  ^'^^^  thick. 
Its  tensile  strength  is  but  about  4600  fba  per  sq  inch ;  or  about  7000  lbs  when  made 
into  wire.  It  melts  at  the  moderate  temperature  of  442°  Fah.  Pure  block  tin  is 
not  used  for  common  building  purposes ;  but  thin  plates  of  sheet  iron,  covered  with 
it  on  both  sides,  constitute  the  tinned  plates,  or,  as  they  are  called,  the  fin,  used  for 
covering  roofs,  rain  pipes,  and  many  domestic  ntensils.    For  roofs  it  is  laid  on  boards. 

The  sheets 
oftlnareani- 
ted  as  shown  in 
this  fig.  First,  sev- 
eral sheets  are 
joined  together  in 
the  shop,  end  for 
end,  as  at  tt;  by 
being  first  bent 
over,  then  ham- 
mered flat,and  then 
.  soldered,  'flieseare 
then  formed  into  a 
roll  to  be  carried 
to  the  roof;  a  roll 

being  long  enoagh  to  reach  from  the  peak  to  the  eaves.  Different  rolls  being  spread 
up  and  down  the  roof,  are  then  united  along  their  sides  by  simply  being  bent  as  at  a 
and  »,  by  a  tool  for  that  purpose.  The  roofers  call  the  bending  at  s  a  double  grotnt^ 
or  dmMe  lock;  and  the  more  simple  ones  at  ^  a  single  ffrocroe^  or  lock. 

To  bold  the  tin  securely  to  the  sheeting  boards,  pieces  of  the  tin  3  or  4  ins  long, 
by  'Z  ins  wide,  called  cleats,  are  nailed  to  the  boards  at  about  eve^ry  18  ins  alon^  the 
joints  of  the  rolls  that  are  to  be  united,  and  are  bent  over  with  the  double  groove  i. 
This  will  be  understood  from  jr,  where  the  middle  piece  is  the  cleat,  before  being 
bent  over.  The  nails  should  be  4-penny  slating  nails,  which  have  broader  heads 
than  common  ones.  As  they  are  not  exposed  to  the  weather,  they  may  be  of  plain  iron. 
Much  use  is  made  of  what  is  called  leadefi  tin,  or  ternes,  for  roofing.  It  is 
simply  sheet-iron  coated  with  lead,  instead  of  the  ntore  costly  uietal  tin.  It  Is  not 
as  durable  as  the  tinned  sheets,  but  is  somewhat  cheaper. 

The  best  plates,  both  for  tinning  and  for  ternes,  are  made  of  charcoal  iron;  which, 
being  tough,  bears  bending  better.  Coke  is  used  for  cheaper  plates,  but  inferior  as 
regards  bending.  In  giving  orders,  it  is  important  to  specify  wh^her  charcoal 
plates  or  coke  ones  are  required  ;*  also  whether  tinned  plates,  or  ternes. 

Tinned  and  leaded  sheets  of  Bessemer  and  other  cheap  steely  are  now  much  used. 
They  are  sold  at  about  the  price  of  charcoal  tin  and  terne  plates. 

There  are  also  in  use  for  roofing,  certain  compound  metals  which  resist  tarnish 
better  than  either  lead,  tin,  or  zinc;  but  which  are  so  fusible  as  to  be  liable  to  be 
melted  by  large  burning  cinders  falling  on  the  roof  frooi a  neighboring  conflagration. 
A  roof  covered  with  tin  or  other  metal  should,  if  possible,  slope  not  much  les9  than 
five  degrees,  or  about  an  inch  to  a  foot ;  and  at  the  eaves  there  sboald  be  a  sudden 
full  into  the  rain-gutter,  to  prevent  rain  from  backing  up  so  as  to  overtop  the  dovUe- 
gcDove  joint  «,  and  thus  cause  leaks.  Where  coal  is  used  for  fiiel,  tin  roofs  should 
receive  two  coats  of  paint  when  first  put  up,  and  a  coat  ut  every  2  or  3  years  after. 
Where  wood  only  is  nsed,  this  is  not  necessary;  and  a  tin  roof,  with  a  good  pitcli, 
will  last  20  or  30  years.f 

Two  good  workmen  can  put  on,  and  paint  outside,  from  250  to  300  sq  ft  of  tin  roc»f, 
per  day  of  8  liovrs. 

Tinned  iron  plates  are  sold  by  the  box.  These  boxes,  imlike  glass,  have  not  equal 
areas  of  contents.  They  may  be  designated  or  ordered  either  by  their  namee  or 
sizes.  Many  makers,  however^  have  their  private  brands  in  addition ;  and  eome  of 
these  have  a  much  higher  reputation  than  others.    See  table  of  sizes,  etc.,  p.  419. 

•1 

tebie, 


Prices,  Phila.  188&  Tinned  plates,  oharooal,  IG  — 10  X  14  and  14  x  20,  the  vtandardaiaeXaee 
e,   p  41»)  $6.50  to  |10p»t>oxorill  lbs,  aocording  to  grade.    Coke,  IC  — 14  x  20,  Si  to  $5.50. 
nooBng  ternes,  IC  — 14  x  20,  f4.50  to $7  60.  10,  20  X  S8. 1^  to  |15  per  box  of  224  lbs.   Wm.  F.  Potts, 
Bon  ft  Co,  1225  Market  St,  Phila ;  Hall  *  Carpenter,  709  Market  St ;  Merchant  *  Co,  SIT  Arch  Si. 

t  Tlie  coat  of  tin-rooflnff,  so-called,  but  actually  ternes,  to  Philadelphia,  1888,  is  abontT 
ore  cto  per  sq  ft  of  roof,  Including  ternes,  all  la  bor,  and  one  coat  of  paint  on  each  side.  It  is  often  laid  «d 
om  shingle  roof*.    Galvaniaed  Iron  rain  water-plpes,  8  fas  dlam,  about  SO  cto  per  a  raa 
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TIIJ   AND   ZINC. 
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Table  or  Tinned  and  Terne  Plates. 

Cavtlon. — Boxes  often  contain  considerably  less  weight  of  tin  plate  than  the 
tttUe  requires;  the  plates  being  rolled  thin  and  pisled  thin,  tn  ovder  t»  enable 
mechanics  to  get  pay  for  more  material  than  they  ftiroish. 

The  marks  indicate  the  thieknemeSj  approximately  as  follows : 


Number 
BirmiDgham 
wlregaufe. 


27 
26 


.013 
.014 
.OK 
.018 
.020 


Lbs 

per  sq  ft. 


Number 
Birmingham 


Int. 


Lba 
per  iqft. 

.«4 

.80 
1.00 
LIS 
1.29 


.SK;. 

Marit. 

^li 

III 

^11 

Slw 

iDOh< 

»X18 

IC 

22S 

180 

18  X 

IX 

1«2 

18  X 

^0X10 

IG 
IX 

" 

80 
100 

wxu 

IC 
IX 
IXX 
IXXX 

jj 

112 
140 
Ml 
182 

14  X 

•« 

IXXXX 

»« 

•i03 

ux 

10X20 

^S 

" 

ISO 

200 

nxu 

IC 

" 

97 

«« 

IX 

121 

11X22 

IC 
IX 

lis 

97 
131 

UX 

«« 

IXX 

•« 

139 

14  X 

12X12 

IC 

2-25 

113 

IX 

*t 

140 

1*X 

'• 

IXX 

•  « 

161 

12X24 

IC 

113 

115 

«• 

" 

IX 

" 

144 

14  X 

•• 

IXX 

• 

106 

14  X 

IXXX 

187 

12«  X  IT 

DC 

100 

98 

" 

DX 

•• 

130 

14  X 

•• 

DXX 

«« 

147 

14  X 

•• 

DXXX 

•« 

1«8 

•• 

DXXXX 

•• 

im 

15  X 

18  X  IS 

IC 
IX 

223 

1.% 

im 

205 
256 
294 
152 
141 
166 
252 
294 
162 
180 
235 
200 
230 
260 
290 
224 
280 
322 
364 


28 

IC 
IX 
IXX 

•• 

157 
196 
225 

Te 

SO 

IXX 

•« 

241 

10X2C 

SI 

IX 

" 

217 

IXX 

«« 

249 

14X20 

15 

IX 

225 

225 

IXX 

259 

20X28 

IXXX 

" 

326 

Teme  Plates. 


80 

100 
112 
140 

m 


SheeU  of  larger  size  raay  he  made  to  special  order ;  those  of  linned  iron,  In  Rnglaod ;  but  leaded 
lemea  are  made  in  Philjdii  also,  and  elsewhere. 

A  box  of  225  sheeu  of  19%  br  10.  contains  214.84  sq  ft ,  but,  allowing  for  overlapping,  it  will  cover 
bat  about  150  sq  ft  of  roof;  even  without  an;  allowance  for  the  waste  which  occurs  in  cutting  awa; 
portions  in  order  to  St  at  angles,  fto. 

To  find  the  area  of  roof  covered  b;  any  sheet,  first  deduct  2  Ins  firom  its  width,  and  1  inch  from  its 
>ngtb. 

Zinc,  in  sheets,  and  laid  in  the  same  manner  as  slates,  is  mnch  nsed  in  some 
parts  of  Europe  for  roofing.  By  exposure  to  the  weaiher,  It  soon  becomes  covered  by  a  thin  film  of 
white  oxide,  which  protects  it  h-om  further  injury,  and  renders  the  roof  very  durable.'  Corrugated 
Khfet  sine  is  also  used.    See  Galvanised  Sheet  Iron,  page  49S. 

Zinc  sheeu  are  unually  about  3  ft  by  7  or  8  ft.  The  gauge  difllers  from  that  of  iron ;  thus  No  13  is 
at2  of  an  inch  thick,  or  1.22  B>b  per  sq  a ;  No  14  =  .035  inch,  and  1.36  lbs ;  No  15  =  .042  inch .  and 
149  lbs;  No  16  =  049  Inch,  and  1.62  0>s  per  sq  ft.  Any  of  these  numbers  may  be  used  on  roofs,  for 
which  purpose  it  should  be  very  pure. 

Water  kept  in  sine  vessels  is  said  to  become  injarious  to  health ;  and 

reosndy  an  ootcry  nas  on  that  account  arisen  against  gslvaniied>iroB  servioe-pipes  in  dwellhigs. 
Tet  saeh  have  beien  in  use  for  many  vears  in  New  Rnglaud,  Philsda,  and  elsewhere,  without  as  yet 
Any  deleterious  effects.  Tl.is  is  possibly  owing  to  the  fact  that  service-pipes  being  short,  the  water 
i>  a*oally  all  drawn  through  them  several  times  a  day ;  and  hence  does  not  remsin  in  contact  with 
the  tine  or  lead  long  enouRh  to  scquire  a  poisonous  cbarooier.  In  taking  possession  of  a  house  in 
which  the  water  has  remained  stagnsnt  in  the  service-pipes  for  some  considerable  time,  such  water 
■hould  all  be  run  to  waste;  otherwise  sickness  may  ensue  from  its  use. 

*Tlie  prlee  of  ihcet  sine  does  net  ordinarily  dtlfer  vach  flnm  that  of  kheet  lead, 
which  In  Philadelphia  in  1888  It  about  •  to  8  cts.  per  poond ;  or  in  pigs,  from  4  to  6  ets. 

TlhS  price  of  bloclK  tin.  made  Into  either  pipes  or  fliccts,  aboat  ftO  et«>.  r«r  povnd ; 
b bar*,  40to  4* cts.  in  1888.    Measrs.  Tatham  4 Bros.,  326  ^ontb  Fifth  St.,  make  both.     "—*>-•» 


k  Ua.,  dealers,  5.7  Aroh  St.,  Philadelphia. 


Digitized  by  VjW^S 


420 


BOARD  MKASURK 


BOABD  MEASURE. 


Bemarli  •■■  foltowliiir  tnble.    The  table  extends  to  12  ins  by  24  ins,  bnt 

It  U  easy  to  find  for  greater  Bize«;  (has.  f»r  exampto,  the  board  measure  in  a  piece  or  19  by  tt,  will 
be  twice  that  of  a  piece  of  19  by  11,  or  17.42  X  2  =  34.84  ft  board  meas ;  or  that  of  I9yi  by  22.  will  be 
that  of  10^  by  22  added  to  that  of  9  by  22,  or  18.79  + 16.50  =  85.29.  ▲  foot  of  board  meas  is  equal  to 
I  foot  square  and  1  inch  thicic,  or  to  144  cub  ins.    Hence  1  cub  ft  =  12  ft  board  meas. 


^i 

Feet  of  Board  Measure  eooUined  In  one  runniOK  foot  of  Scantlings           | 

a 

of  different  dimensions.    (Original.) 

P 

1000  ft  board 

measore 

=SiH  onb  ft. 

1 

IH 

TB 

[ICKKl 

S88  IN  INCH 

t      1     2H 

Ea 

iH 

1« 

8 

FtBd.]L 

FlBd.M. 

FtDd.H. 

Ft.Bd.X. 

Ft.Bd.M. 

FtBtLM. 

FtBd-M. 

rt.Bi.u. 

PtBd.lI. 

« 

.0208 

.0260 

.0818 

.0365 

.0417 

.0469 

-0521 

.0573 

.0625 

1. 

.0417 

.0521 

.0625 

.0729 

.6683 

.0086 

.1042 

.1146 

.1250 

^ 

.0625 

.0781 

.0W8 

.1094 

.1250 

.1406 

.1563 

.1719 

.1875 

1. 

.0633 

.1042 

.1150 

.1458 

.1667 

.1876 

.2083 

.2292 

.2600 

1^ 

.1042 

,1802 

.1163 

.1823 

.2088 

.3344 

.2604 

.2865 

.8126 

2. 

^ 

.1250 

.1568 

.*2187 

.2168 

.2500 

.2818 

.3125 

.8438 

.3760 

s^ 

.1458 

.1823 

.2552 

.2917 

.3281 

.3646 

.4010 

.4375 

2. 

.1667 

.2088 

.2900 

.2917 

.3338 

.8750. 

.4166 

.4583 

.5000 

.1875 

.2344 

.2813 

.3281 

.3750 

.4219 

.4668 

.5156 

.5625 

8. 

.2083 

.2604 

.8125 

.3646 

.4167 

.4686 

.5208 

.5729 

.6250 

^ 

.2292 

.2865 

.8438 

.4010 

.4588 

.5156 

.5729 

.6302 

.6875 

8. 

.2500 

.8125 

JJ?60 

.4375 

.6000 

.5625 

.6250 

.6875 

.7500 

.2708 

.3386 

.4063 

.4739 

.6416 

.6094 

,6771 

.7448 

^126 

4. 

H 

.2917 

.86i6 

.4875 

.5104 

.6833 

J668 

.7292 

.8021 

.8750 

^i 

.3126 

.8006 

.4689 

.6469 

.6250 

.7081 

.7818 

.8594 

.9875 

4. 

.3333 

.4167 

.6000 

.5838 

.6667 

.7600 

.8338 

.9167 

1.006 

vc 

.3542 

.4427 

.5312 

.6198 

.7068 

.7969 

.8854- 

.9740 

1.063 

6. 

1^ 

.8750 

.4688 

.5625 

.6568 

.7500 

.8436 

.9376 

1.031 

1.125 

u 

.8958 

.4948 

.6888 

.6927 

.7917 

.8906 

.9896 

1.086 

1.166 

6. 

.4167 

.6206 

.6250 

.7292 

.8338 

.9876 

1.041 

1.146 

1.250 

H 

.4376 

.6469 

.6963 

.7656 

.8750 

.9844 

1.094 

1.203 

1.318 

6. 

H 

.4683 

.6729 

.6875 

.8020 

.9167 

1.081 

1.146 

1.260 

1.876 

H 

.4792 

.6990 

.7188 

.8386 

.9588 

1.078 

1.196 

1.318 

1.488 

«. 

.5000 

^250 

.7500 

.8750 

1.000 

1.125 

1.250 

1.376 

1.500 

M 

.6206 

.6510 

.7813 

.9116 

1.043 

1.172 

1.303 

1.432 

1.568 

7. 

Vi 

.6417 

.6771 

.81S5 

.9479 

1.088 

1.119 

1.354 

1.490 

1.625 

H 

iSS 

.7081 

.8488 

.9844 

1.125 

1.266 

1.406 

1.547 

1.686 

1. 

.7292 

.8760 

1.021 

1.16T 

1.312 

1.456 

1.604 

i.7se 

H 

.6042 

.7552 

.9063 

1.057 

1.208 

1J69 

1.510 

1.661 

1.6IS 

1. 

.6250 

.7813 

.93175 

1.094 

1.250 

1.406 

1.568 

1.719 

1.675 

V 

|j/ 

.6458 

.8078 

.9688 

1.130 

1.293 

1.468 

1.616 

1.776 

1.988 

i 

8. 

.6667 

.8333 

1.000 

1.167 

1.333 

1.600 

1.G67 

l.a33 

1.000 

fL 

.6675 

.8594 

1.031 

1.203 

1.375 

1.547 

1.719 

1.891 

1.063 

1 

.708.1 

.8854 

1.063 

1.240 

1.417 

'  1.594 

1.771 

1.948 

2.ia» 

s^ 

.7292 

.9114 

1.094 

1.276 

1.458 

1.641 

1.828 

2.005 

2.188 

9. 

.7500 

.9375 

1.125 

1.318 

1.600 

1.686 

1.876 

2.061 

1.260 

« 

.7708 

.9635 

1.156 

1.349 

1.542 

1.734 

1.927 

1.120 

2.81S 

10. 

.7917 

.9895 

1.188 

1.385 

1.683 

1.781 

1.979 

2.177 

1.37& 

^ 

.8123 

1.016 

1.219 

1.422 

1.625 

1.828 

2.031 

2.234 

1.438 

10. 

.8333 

1.042 

1.250 

1.458 

1.667 

1.875 

ijm 

1.293 

2.500 

.8542 

1.068 

1.281 

1.496 

1.708 

1.922 

1.135 

2.849 

1.663 

.8750 

1.094 

1.313 

1.531 

1.750 

1.969 

2.188 

2.406 

2.625 

Jl 

.8958 

1.120 

1.344 

1.568 

1792 

2.016 

2.240 

2.463 

2.688 

11. 

.9167 

1.146 

1.375 

1.604 

1.883 

2.063 

2.292 

1.521 

7.7CO 

.9375 

1.172 

1.406 

1.641 

1.876 

2.109 

2.344 

2.578 

1.818 

J 

1^ 

.9633 

1.1U8 

1438 

1.677 

1.917 

2.156 

2.398 

1636 

1.875 

1^ 

.9792 

1.224 

1  469 

1.714 

1966 

2.203 

2.446 

1.693 

1.988 

12. 

1.000 

1.250 

1.500 

1.750 

2.000 

2.250 

2.500 

1.750 

8.000 

H 

1.042 

1.802 

1.56:» 

1.828 

2.083 

!J.344 

2.604 

2.865 

8.115 

.5*« 
.^« 
.»« 
.^« 

n« 

.8« 

1». 
20. 

n. 

«. 
a. 

24. 

13. 

i.osa 

1.354 

1.625 

1.896 

3.167 

2.438 

2.708 

2.979 

3250 

14 

1.125 

1.406 

1.088 

1.069 

2250 

2.531 

2.818 

8.094 

8.875 

14. 

1.1C7 

1.458 

i.m 

2.042 
2.I1S 

2333 

2.625 

2.917 

3.106 

i.SS 

H 

1.208 

1.510 

2.417 

2.719 

8.021 

8.822 

15. 

1.250 

1.563 

1.875 

2.188 

2.500 

2.813 

3.125 

8.438 

8.750 

H 

1.292 

1.616 

1.988 

2.260 

2.583 

2.906 

8.229 

8.552 

8.876 

16. 

1.338 

1.667 

2.000 

2.883 

2.667 

3.000 

3.333 

3.667 

4.000 

H 

1.376 

1.719 

2.068 

2.406 

2.750 

8.094 

3.438 

8.781 

4.125 

17. 

1.417 

1.771 

2.125 

2.479 

2.883 

3.188 

8.542 

8.896 

4.250 

H 

1.458 

1.828 

2.187 

2.552 

1.917 

8.281 

8.^ 

4.010 

4.375 

18. 

1.500 

1.875 

2.250 

2.626 

8.000 

8..'I75 

3.750 

4.125 

4.500 

1». 

1.583 

1.979 

2.375 

2.771 

3.167 

3563 

3.958 

4..154 

4.760 

20. 

1.667 

2.083 

2.500 

2.917 

3.333 

3.750 

4.167 

4.S4C3 

21. 

1.760 

2.188 

2.625 

3.068 

3500 

3.938 

4.376 

4  Rll 

22. 

I.88S 

3.292 

2.760 

.'{.208 

3.667 

4.125 

4.683 

&.043 

SX. 

1.917 

ijm 

2.875 

8.354 

3.8SS 

4.SIS 

4.79r 

S.tIO' 

24. 

2.000 

2.600 

8.000 

8.600 

4.000 

4.600 

5.000 

6.500 

«:«w 
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BOARD  MEU^UBS. 


(OoBdnoed.) 

Feet  of  Board  Measure  contained  in  one  running  fooi  of  Seantlingi 

of  dUEerent  dimensions. 

(Original.) 

THICKNESS  IN 

INCHES. 

6H 

6« 

6 

6H 

6M 

6« 

7 

1H 

7« 

FUid-M. 

Ft.Bd.M. 

Ft.B<LM. 

n.BAM. 

FtBd.M. 

Ft.Bd.M. 

F4.]]d.M. 

Ft.Bd.lC. 

FtBd.M. 

w 

.1146 

.1198 

.1250 

.1302 

.1354 

.1406 

.1458 

.1510 

..1563 

^ 

1^ 

.2298 

.2396 

.2500 

.9004 

.2708 

.2813 

.2917 

JS021 

•.3125 

M£ 

.3438 

J594 

JJ750 

.3906 

.4063 

.4219 

.4375 

.4531 

.4688 

w 

1. 

.4583 

.4792 

.5000 

.5208 

.6417 

.6625 

.5833 

.6042 

.6250 

1. 

.5729 

.5990 

.6250 

.6510 

.6771 

.7031 

.7292 

.7552 

.7813 

.6875 

.U«8 

.7500 

.7812 

.8125 

.8438 

.8750 

.9062 

.9375 

1^ 

,8021 

.8385 

.8750 

.9115 

.9479 

.9844 

1.020 

1.057 

1.094 

I/ 

2. 

.9167 

.9583 

1.000 

1.042 

1.083 

1.125 

1.167 

1.208 

1.250 

8. 

^ 

1.0S1 

1.078 

1.125 

1.172 

1.219 

1.266 

1.313 

1.350 

1.406 

1.146 

1.198 

1.250 

1.302 

1.354 

1.406 

1.468 

1.510 

1.568 

H 

1.260 

1.318 

1.375 

1.432 

1.490 

1.547 

1.604 

1.661 

1.719 

w 

8. 

1.375 

1.438 

1.500 

1.568 

1.626 

1.688 

1.750 

1.813 

1.875 

8. 

H 

1.490 

1.557 

1.625 

1.698 

1.760 

1.528 

1.896 

1J»4 

2.031 

H 

s 

1.694 

1.677 

1.750 

1.828 

1.896 

1.969 

8.048 

8.115 

2.188 

J) 

9i 

1.719 

1.797 

1.875 

1.958 

8.031 

2.100 

8.188 

8.266 

2.344 

H 

4. 

1.833 

1.917 

2.000 

2.088 

2.167 

2.850 

8.338 

2.417 

2500 

4. 

1.948 

2.036 

2.125 

2.214 

2.302 

2.391 

2.479 

2.568 

2.656 

^ 

t. 

2.063 

2.156 

2.250 

2.844 

8.438 

8.531 

2.625 

2.719 

2.818 

a. 

2.177 

2.276 

2.375 

2.474 

8.578 

8.672 

2.771 

2.870 

8.969 

H 

5. 

2.292 

2.396 

2.500 

2.604 

2.706 

2.818 

8.917 

8.021 

8.125 

5. 

\i 

2.406 

2.516 

2.625 

2.734 

2844 

2.953 

3.063 

8.178 

8.261 

1^ 

S 

2.521 

2.635 

2.750 

8.865 

2.979 

8.094 

3.208 

8.323 

3.438 

H 

2.635 

2.755 

2.875 

2.995 

8.115 

8.234 

3.354 

8.474 

3.594 

H 

6. 

2.750 

2.875 

3.000 

8.125 

8.250 

8.875 

8.500 

8.625 

8.750 

6. 

2.865 

2.995 

3.125 

8.255 

3.385 

8.516 

8.646 

8.776 

8.906 

iz 

2.979 

3.115 

8.250 

8.385 

8.521 

3.656 

8.792 

8.927 

4.063 

^ 

A/ 

3.094 

3.234 

3.375 

3.516 

8.656 

3.797 

i.9S8 

4.078 

4.219 

^ 

1. 

3.208 

3.354 

8.500 

8.646 

3.792 

8.938 

4.068 

4.229 

4.375 

7. 

3.323 

3.474 

8.625 

3.776 

8.927 

4.078 

4.229 

4.880 

4.531 

3.438 

3.594 

8.750 

3.906 

4.063 

4.219 

4.376 

4.531 

4.688 

|/ 

3.552 

S.714 

8.875 

4.036 

4.198 

4.359 

4.521 

4.682 

4.844 

Ij 

8. 

3.667 

3.833 

4.000 

4.167 

4.338 

4.500 

4.667 

4.833 

6.000 

8. 

1^ 

3.781 

3.953 

4.125 

4.297 

4.469 

4.641 

4.818 

4.984 

6.156 

g 

^ 

3.896 

4.073 

4.250 

4.427 

4.604 

4.781 

4.957 

6.136 

6ill3 

S 

4.010 

4.193 

4.375 

4.557 

4.740 

4.922 

5.108 

6.286 

6.489 

H 

9. 

4.125 

4.313 

4.500 

4.687 

4.875 

6.063 

5.249 

6.438 

6.625 

9. 

4.240 

4.438 

4.685 

4.818 

5.010 

6.308 

5.396 

6.689 

6.781 
6.988 

^ 

i2 

4.354 

4.552 

4.750 

4.948 

6.146 

6.344 

6.541 

6.740 

^ 

4.469 

4.678 

4.875 

5.078 

5.281 

6.484 

6.687 

6.691 

6.094 

H 

10. 

4.583 

4.798 

6.000 

s 

6.417 

6.626 

6.as3 

6.048 

6.250 

10. 

4.608 

4.911 

5.125 

6.553 

6.766 

6,979 

C.19S 

6.406 

u 

4.813 

5.031 

5.250 

6.460 

5.688 

•5.906 

6.126 

6.344 

6.563 

u 

a^ 

4.927 

6.151 

5.375 

5.599 

6.823 

6.047 

6.2n 

6.495 

6.719 

f% 

11. 

5.042 

5.271 

5500 

5.729 

6.958 

6.188 

6.417 

6.646 

6.876 

11. 

^ 

5.156 

5.391 

5.625 

5.859 

6.094 

6.328 

6.568 

6.797 

7.081 

^ 

5.271 

5.510 

5.750 

5990 

6.229 

6.469 

6.706 

6.948 

7.188 

K 

5.385 

5.630 

5.875 

6.120 

6.365 

6.600 

6.854 

7.090 

7.344 

u 

IS. 

5.500 

5.750 

6.000 

6.250 

6.500 

6.750 

7.000 

7.850 

7.500 

12. 

^ 

5.729 

5.990 

6.250 

6.510 

6.771 

7.031 

7.298 

7.658 

7.61S 

H 

13. 

5.958 

6.229 

6.500 

6.771 

7.042 

7.818 

7.688 

7.854 

.8.125 

18. 

)^ 

6.188 

6.469 

6.750 

7.031 

7.818 

7.594 

7.876 

8.156 

8.438 

K 

U. 

6.417 

6.708 

7.000 

7.292 

7.583 

7.875 

8.167 

6.458 

8.450 

14. 

^ 

6.646 

6.948 

7.250 

7.552 

7.854 

8.156 

8.458 

B.760 

9.063 

H 

15. 

6.m 

7.188 

7.500 

7.819 

8.126 

8.438 

8.750 

9.068 

9.375 

li. 

» 

7.104 

7.427 

7.750 

8.078 

8.396 

8.719 

9.042 

9JMi6 

9.688 

H 

16. 

7.333 

7.667 

8.000 

8.333 

8.667 

9.000 

9.333 

9.667 

10.00 

16. 

H 

7.563 

7.906 

8.250 

8.594 

8,938 

9.281 

9.626 

9.969 

10.31 

H 

17. 

7.792 

8.146 

8.500 

8.854 

9.208 

9.563 

9J>17 

10.27 

10.63 

17. 

)^ 

8.021 

8.385 

8.750 

9.115 

9.479 

9.844 

10.21 

10.87 

10.94 

H 

18. 

8.260 

8.625 

9.000 

9.375 

9.750 

10.13 

10.50 

10.88 

11.25 

18. 

19. 

8.708 

9.104 

9.600 

9.896 

10.29 

10.69 

11.08 

11.48 

11.88 

19. 

ao. 

9.167 

9.583 

10.00 

10.42 

10.83 

11.25 

11.67 

12.08 

12.50 

SO. 

81. 

9.625 

10.06 

10.50 

10.94 

11.38 

11.81 

12.25 

12.69 

13.13 

81. 

82. 

10.08 

10.54 

11.00 

11.46 

11.92 

12.38 

12.88 

13.29 

18,75 

22. 

83. 

10.54 

11.02 

11.50 

11.98 

12.46 

12.94 

13.42 

13.90 

14.38 

50. 

24. 

11.00 

11.50 

12.00 

12.50 

13.00 

13.50 

14.00 

14.50 

15.00 

24. 
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Table  of  Board  Meaawre  —  (Cootinued.) 


0 

.     (Orifiaal.) 

"i 

5l 

THICKNS88  IN  INCHES. 

1              1              1              1 

1 

7« 

8 

^y* 

HH 

m 

9 

9« 

9H    ' 

1     •*< 

FtBd.M. 

FtB<LM. 

rtUd-M. 

PLBdM. 

R.1M.M. 

Ft.Bd.M. 

PtBd.M. 

FtBd.M. 

rt.iM.M. 

g 

.1«15 

.1667 

.1719 

.1771 

.1875 

.1927 

.1979 

.2031 

H 

.S2ai 

.1333 

J438 

.8542 

.8750 

.8854 

.8958 

.4063 

H 

^ 

.4844 

JOOO 

.5156 

K5t1!4 

.5625 

.6781 

.69.W 

.6094 

H 

1. 

.6458 

.6667 

.6875 

.7500 

.7708 

.7917 

.8125 

1. 

^ 

.8073 

.8333 

.8594 

.9375 

.9635 

.9806 

1.016 

H 

.9688 

1.000 

1.031 

1.126 

1.156 

1.188 

1.219 

H 

H 

1.130 

1.167 

1.203 

1.318 

1.349 

1.386 

1.422 

H 

t. 

1.292 

1.333 

1.376 

1.606 

1.542 

1.688 

1.626 

2. 

^ 

1.453 

1.600 

1.^7 

1.688 

1.7.14 

1.781 

1.828 

J^ 

1.615 

1.667 

1.719 
^.891 

1.875 

1.927 

I.97f 

2.061 

^ 

H 

1.776 

1.833 

3.068 

2.120 

9.177 

2.214 

^ 

8. 

1.938 

2.6'10 

2.063 

2.260 

2.318 

1JI76 

2.488 

8. 

a 

2.099 

2.167 

2.234 

2.488 

2.606 

1.678 

2.641 

H 

H 

2.260 

2J3S 

2.406 

2.626 

2.698 

2.771 

2.844 

y 

H 

2.422 

•    2.500 

2.678 

2.818 

2.881 

1.969 

1.047 

H 

4- 

2.&SS 

2.667 

2.750 

8.000 

8.0HS 

8.167 

8.250 

4. 

K 

2.745 

2.833 

2.922 

8.186 

8.276 

8.166 

8.461 

^ 

« 

2.996 

8.000 

8.094 

8.876 

8.469 

8.661 

8.666 

9i 

3.068 

8.167 

8.266 

8.668 

8.661 

8.760 

1.856 

1^ 

6. 

S.229 

8.333 

8.438 

8.750 

8.864 

8.968 

.4.061 

5. 

•    yi 

3.391 

8.500 

8.609 

8.938 

4.047 

4.156 

4.266 

g 

H 

3.552 

8.667 

8.781 

4.126 

4.240 

4.864 

4.469 

H 

31714 

8.833 

3.953 

4.318 

4.432 

4.862 

4.672 

1^ 

6. 

8.875 

4.000 

4.125 

4.500 

4.628 

4.756 

4.876 

e. 

H 

4.036 

4.167 

4.297 

».«! 

4.688 

4.818 

4.948 

6.078 

H 

H 

4.198 

4.333 

4.469 

4.604 

4.876 

6.010 

6.146 

6.281 

H 

H 

4.359 

4.500 

4.641 

4.781 

6.068 

6.203 

6.144 

5.484 

M 

T. 

4.521 

4.667 

4.818 

4.958 

6.250 

6.360 

5.542 

5.688 

7. 

4.682 

4.833 

4.9»4 

5.135 

6.438 

6.580 

6.740 

6.891 

}^ 

IZ 

4.844 

5.000 

5.1.56 

5.313 

6.626 

6.782 

6.938 

6.094 

^ 

^ 

5.006 

5.167 

5.328 

5.490 

6.813 

6.975 

6.185 

6.297 

V 

8. 

5.167 

6..'J.1S 

5.500 

5.667 

6.000 

6.167 

6.838 

6.600 

a 

5.328 

5.500 

5.672 

5.844 

6.188 

6.359 

6.681 

6.706 

i 

5.490 

5.667 

5.844 

6.021 

6.376 

6.652 

6.729 

6.906 

i 

t^ 

5.651 

5.838 

6.016 

6.198 

6.563 

6.745 

6.927 

7.109 

H 

9. 

5.813 

6.000 

6.188 

6.375 

6.760 

6.938 

7.125 

7J11 

9, 

H 

5.974 

6.167 

6.359 

6.552 

6.938 

7.130 

7.828 

7.616 

8 

s 

6.135 

6.333 

6.531 

6.729 

„  „«, 

7.125 

7.323 

7.621 

7.719 

9^: 

6.297 

6.500 

6.708 

6.906 

7.109 

7.313 

7Jil6 

7.719 

7.922 

H 

w. 

6.458 

6.667 

6.875 

7.083 

7.292 

7.500 

7.708 

7.917 

8.126 

10. 

6.620 

6.833 

7.047 

7.260 

7.474 

7.688 

7.901 

8.116 

8.128 

g 

1^ 

6.781 

7.006 

7.219 

7.438 

7.656 

7.875 

6.094 

6.811 

8.681 

^ 

>i.943 

7.167 

7.891 

7.615 

7.839 

8.063 

6.286 

&510 

8.714 

1^ 

11. 

7.104 

7.8.38 

7.563 

7.792 

8.021 

8.250 

8.479 

8.708 

avw 

11. 

H 

7.266 

7.500 

7.736 

7.969 

8.203 

8.438 

8.672 

8.906 

9.141 

^ 

H 

7.427 

7.667 

7.906 

8.146 

8.886 

8.625 

8.866 

9.104 

9.144 

H 

7.589 

7.838 

8.078 

8.323 

8.568 

8.813 

9.057 

9.802 

9.547 

H 

12. 

7.750 

8.000 

8.250 

8.500 

8.750 

9.000 

9.250 

9.500 

9.756 

12. 

H 

8.073 

8.333 

8.594 

8.854 

9.115 

9.375 

9.635 

9.896 

10.16 

H 

18. 

8.396 

8.666 

8.938 

9.208 

9.479 

9.750 

10.02 

10.29 

ia56 

u. 

M 

8.719 

9.000 

9.281 

9.563 

9.844 

10.13 

10.41 

10.69 

10.97 

H 

14. 

9.042 

9.838 

9.625 

9.917 

10.21 

10.50 

10.79 

11.06 

11.18 

14. 

H 

9.365 

9.666 

9.969 

10.27 

10.57 

10.88 

11.18 

11.48 

11.78 

H 

16. 

9.688 

10.000 

10.31 

10.68 

10.94 

11.25 

11.66 

11.88 

12.19 

15. 

H 

10.01 

10.38 

10.66 

10.98 

11.80 

11.63 

11.95 

12.27 

12.69 

a 

1«. 

10.33 

10.67 

11.00 

11.33 

11.67 

12.00 

12.33 

12.67 

11.00 

16. 

H 

10.66 

11.00 

11.34 

11.69 

12.03 

12.88 

12.72 

13.66 

18.41 

H 

17. 

10.98 

11.33 

n.69 

12.04 

12.40 

12.75 

13.10 

13.46 

11.81 

17. 

H 

11.30 

11.66 

12.03 

12.40 

12.76 

13.13 

18.49 

13.85 

14.21 

H 

18. 

11.63 

12.00 

12.38 

12.75 

18.18 

13.50 

13.88 

14.85 

14.68 

18. 

19. 

12.27 

12.67 

1.1.06 

13.46 

13.86 

14.25 

14.65 

16.04 

16.44 

19. 

M. 

12.02 

13.33 

18.75 

14.17 

14.58 

15.00 

15.42 

15.68 

16.25 

». 

81. 

13.56 

14.00 

14.44 

14.88 

15.31 

15.75 

16.19 

16.63 

17.06 

21. 

22. 

14.21 

14.66 

15.13 

15.58 

16.04 

16.50 

16.96 

17.42 

17.88 

22. 

23. 

14.85 

15.38 

15.81 

16.29 

16.77 

17.25 

IIS 

18.21 

18.69 

tt. 

24. 

15.50 

16.00 

16.50 

17.00 

17.50 

18.00 

19.00 

19.60 

14. 
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Table  •f  Board  Measure— (Continued.) 


a. 

Feet  of  Board  MeMure  eoaUined  in  ooe  roDniog  foot  of  Scantlings 

tx 

or  difierent  dimensioni.    (Original.) 

THICKNESb  IN  INCHES. 

10 

10J4 

lOH 

io« 

11 

nn 

IIH 

IIH 

13 

rt.Bd.M. 

n.Bd.Bi. 

rtBd.M. 

PtBd.M. 

Ft.Bd.M. 

Ft.Bd.M. 

FtBd.M. 

FtBd.M. 

FtBd.ll. 

ly 

.3083 

.2135 

.3188 

.3240 

.3292 

.38U 

.3396 

.3448 

.3500 

H 

I 

.4167 

.4271 

.4375 

.4479 

.4583 

.4688 

.4792 

.4696 

.6000 

H 

.6230 

.6406 

.6563 

.6719 

.6876 

.7031 

.7188 

.7544 

.7600 

m£ 

I. 

.8333 

.8542 

.8750 

.8058 

.9167 

M7b 

.9583 

.9793 

1.000 

1. 

^ 

l.(H» 

1.068 

1.094 

1.129 

1.146 

1.173 

1.196 

1.334 

1.250 

1.250 

1.821 

1.313 

1.344 

1.376 

1,406 

1.438 

1.469 

1.500 

H 

1.468 

1.495 

1.531 

1.668 

1.604 

1.641 

i.6n 

1.714 

1.750 

2. 

». 

1.667 

1.708 

1.759 

1.793 

1.83S 

1.675 

1.917 

1.958 

2.000 

1.875 

1.922 

1.960 

3.016 

8.068 

3.109 

3.156 

3.203 

3.250 

^063 

3.136 

3.188 

3.340 

2.393 

3.344 

2.39* 

2.446 

2.500 

1, 

!£ 

S.20S 

3.349 

3.406 

3.464 

3.521 

3.576 

2.636 

2.693 

3.750 

m. 

9. 

2.500 

3.563 

3.625 

3.688 

3.750 

S.81S 

2.876 

3.938 

3.000 

3. 

2.706 

2.776 

3.844 

3.911 

3.979 

8.047 

3.115 

3.183 

3.250 

2M1 

3.990 

3.068 

8.136 

S.208 

8.361 

3.354 

8.437 

3.500 

^ 

S.12S 

3.203 

3.381 

8.359 

3.438 

3.516 

3.594 

3.672 

3.750 

■  S 

4. 

3.333 

3.417 

8.500 

3.583 

8.667 

8.750 

3.833 

3,917 

4.000 

4. 

3.542 

3.630 

8.719 

8.807 

t.896 

3.984 

4.078 

4.161 

4.250 

^ 

y 

3.750 

8.844 

8.938 

4.031 

4.135 

4.819 

4.313 

4.406 

4.500 

^ 

3.»58. 

4.057 

4.156 

4.255 

4.364 

4.468 

4.553 

4.651 

4.750 

^ 

s. 

4.167 

4.271 

4.375 

4.479 

4.568 

4.688 

4.791 

4.896 

5.000 

6.        . 

4.375 

4.484 

4.594 

4. 70S 

4.818 

4.922 

6.031 

6.141 

6.250 

4.583 

4.698 

4  813 

4.927 

6.043 

6.156 

6.270 

6.386 

6.500 

H 

4.792 

4.911 

5.031 

5.151 

5.371 

6.391 

6.510 

5.630 

5.750 

a^ 

%. 

5.000 

5.125 

5.250 

5.375 

5.500 

6.625 

6.750 

5.876 

6.000 

6. 

a 

5.208 

5.339 

5.469 

6.599 

6.729 

6.860 

6.990 

6.120 

6.250 

U 

^ 

5.417 

5.553 

5.688 

6.828 

6.958 

6.094 

6.329 

6.366 

6.50D 

s 

6.625 

5.766 

6.906 

6.047 

6.188 

6.338 

6.469 

6.609 

6.750 

ij 

7. 

5.833 

5.«79 

6.125 

6.271 

6.417 

6.563 

6.708 

6.854 

7.000 

7. 

g 

iwa 

6.193- 

«444 

6.495 

6.646 

6.797 

6.946 

7.099 

7.250 

6.250 

<{.406 

6.563 

6.719 

6.875 

7.031 

7.188 

7.344 

7.500 

u 

3.458 

6  620 

6.781 

64MS 

7.104 

7.366 

7.427 

7.589 

7.750 

H 

8. 

6.667 

6.838 

7.000 

7.167 

7.333 

7600 

7.667 

7.833 

8.000 

a. 

i^ 

6.875 

f.047 

T319 

7.391 

7.563 

7.734 

7.906 

8.078 

8.250 

7.063 

7.J60 

7.438 

7.616 

7.798 

7.960 

8.146 

8J2S 

8.500 

yi 

H 

7.292 

1.474 

1.656 

r.639 

6.021 

8.20S 

8.386 

8.568 

8.750 

1^ 

>. 

7.500 

7.388 

7.875 

8.063 

9.250 

8.438 

8.636 

8.813 

9.000 

9. 

^ 

7.708 

7.901 

8.094 

d.286 

8.479 

8.673 

8.86& 

9.057 

9.350 

•   7.917 

8.115 

8.313 

8.510 

6.709 

9.906 

9.104 

9.303 

9.500 

Q 

9< 

8.125 

8.823 

8.531 

8.734 

6.699 

9.141 

9.3U 

9.547 

9.750 

S 

10. 

8.333 

8.543 

8.750 

8.968 

9.167 

9JI76 

9.583 

9793 

10.00 

10. 

n 

8.549 

8.756 

8.969 

9.183 

9.396 

9.609 

9.823 

10.04 

10.25 

8.756 

8.900 

9.188 

9.406 

9.626 

9.8U 

1C.06 

10.38 

10.50 

H 

8.958 

9.183 

9.406 

9.630 

9.854 

10.08 

10.30 

ia53 

10.76 

1^ 

11. 

9.167 

9.396 

9.626 

9.854 

10.08 

10  81 

10.64 

10.77 

11.00 

11. 

^ 

9.375 

9.609 

9.644 

10.06 

10.31 

10.55 

10.78 

11.03 

11.26 

\i 

9.583 

9.828 

10.06 

10.30 

10.54 

10.78 

11.02 

11.36 

11.50 

i^ 

9.792 

10.04 

10.26 

10.63 

10.77 

11.02 

11.36 

11.51 

11.75 

H 

Vi. 

10.00 

10.25 

10.50 

10.75 

11.00 

11.26 

11.50 

11.75 

12.00 

12. 

H 

10.42 

10.68 

10.94 

11.20 

11.46 

11.73 

U.98 

13.24 

12.50 

ii 

18. 

10.83 

11.10 

11.86 

11.65 

11.92 

13.19 

13.46 

13.73 

13.00 

13,^ 

H 

11.25 

11.53 

11.81 

13.09 

12.88 

13.66 

13.94 

13.23 

13.60 

ii 

14. 

11.67 

11.96 

12.25 

12.54 

12.83 

13.13 

13.43 

13.71 

14.00 

14. 

H 

12.08 

12.39 

12.60 

13.99 

18.29 

13.59 

13.90 

14.20 

14.50 

K 

16. 

1^50 

12.81 

13.13 

13.44 

13.76 

14.06 

14.38 

14.69 

15.00 

IJw 

» 

12.92 

13  24 

13.66 

13.89 

14.31 

14.63 

14.85 

16.18 

16.50 

H 

M. 

13.33 

13.67 

14.00 

14.33 

14.67 

15.00 

15.83 

15.67 

16.00 

ItL 

» 

ia75 

14.09 

14.44 

14.78 

16.13 

15.47 

15.81 

16.16 

16.50 

H 

17. 

14.17 

14.62 

14.88 

15.23 

16.56 

15.94 

16.29 

16.66 

17.00 

17. 

H 

14.58 

14.95 

15.31 

15.77 

16.04 

16.41 

16.77 

17.14 

17.60 

H 

re. 

15.00 

15.38 

15.76 

16.13 

16.60 

16.88 

17.26 

17.63 

18.00 

16? 

19. 

15.83 

16.23 

16.63 

17.02 

17.42 

17.81 

16.21 

18.60 

19.00 

19. 

80. 

16.67 

17.08 

17.60 

17.92 

18.33 

18.75 

19.17 

19.68 

90.00 

80. 

11. 

17.50 

17.94 

18.88 

18.81 

19.25 

19.69 

30.13 

20.66 

21.00 

31. 

n. 

18.33 

18.79 

19.25 

19.71 

20.17 

20.63 

21.06 

31.54 

23.00 

83. 

S3. 

19.17 

19.6& 

20.13 

20.60 

21.08 

21.56 

22.04 

83.63 

83.00 

8S. 

24. 

ao.oo 

90.50 

21.00 

91.50 

32.00 

23.50 

33.00 

33.60 

34.00 

94. 
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PRESERTATION  <HP  TIMBSR. 

Art.  1.  (a)  The  deeay  of  timber  is  caused  hj  the  fenneBtation  of  its 
sap.  If  dry  air  circulates  trvely  about  the  sides  and  ends  of  the  sticks,  the  sup 
evaporates.  If  air  is  excluded,  as  when  timber  is  kept  constantly  and  entirely 
immersed  in  salt  or  fresh  water,  the  sap  cannot  ferment.  In  either  case  timber 
may  resist  decay  lor  centuries.  Sap,  confined  in  tiuiber  with  air,  fermetfts,  pro- 
ducing dry  rot-;  as  where  beams  are  enclosed  air-tight  in  brickwork  etc ;  and 
where  green  timber  is  painted  or  ▼arnished,  or  treated  with  creosote -ete.  The 
sap  then  not  only  prevents  the  thorough  penetration  of  the  oil  etc,  but  may 
cause  the  greater  part  of  the  wood  to  rot  although  iu  firm  outer  shell  gives  it  a 
deceptive  appearance  of  strength,  (b)  Sap  should  therefore  be  first  removed  by 
semsoniiiii ;  •  0,  either  b;^  drying  the  wood  in  air  at  natural  or  higher  tem- 
peratures, or  l>y  first  steaming  the  wood  under  prm  so  as  to  vaporise  the  sap, 
and  then  removing  the  latter  by  means  of  a  vacuum.  Thorough  seasouiug  of 
large  timbers  in  dry  air  at  ordinary  temperatures  may  require  years;  and  too 
rapid  kiln-drying  cracks  and  weakens  the  wood.  But  it  is  questionable  whether 
steaming  and  vacuum  remove  sap  as  thoroughly  as  do  the  slower  dry  processes, 
(e)  Alternate  exposure  to  water  and  air  is  very  destructive.  It  causes  wet  rot. 

Art.  2.  Sea-wormn.  The  limnoria  terdbrang  works  from  near  hi|[h-water 
mark  to  a  little  below  the  surface  of  mnd  bottom ;  the  teredo  netvalis  within  some- 
what less  limits.  The  teredo  is  said  to  be  rendered  less  active  by  the  presence 
of  sewage  in  water. 

Art.  S.  (a)  The  best  timber-preserving  processes  are  practically  useless 
unless  thorouirlily  well  done.  If  the  gaiu  iu  durability  will  nut  war- 
rant the  expenditure  of  time  and  money  read  for  this,  it  is  more  economical  to 
use  the  wood  in  iU  natural  state,  (b)  The  woods  best  adapted  to 
treatment  are  those  of  an  open  or  porous  texture,  as  liemlock  etc.  Tliey  ab- 
sorb tlie  oil  etc  better  than  the  denser  woods ;  and  tlieir  elieapness  renders  the 
use  of  the  treatment  more  economical,  (c)  Most  of  the  processes  in  common 
use  seem  to  render  wood  less  combustible,  (d)  After  treatment  by  any  process, 
the  wood  should  be  well  dried,  before  using. 

Art.  4.  (a)  Creosote  oil,  or  dead  oil,  is  the  best  known  preservative. 
Against  sea-worms  it  is  etfective  for  at  least  25  years,  and  Is  ihe  only  known  pro- 
tection, (b)  As  temporary  expedients,  piles  are  sometimes  covered  with  sheet 
metal  or  with  broad-headed  nails  driven  close  together.  These  rnst  or  wear 
kway  in  a  few  vears.  Oak  piles,  cut  in  January,  and  driven  with  the  bark  on, 
have  resisted  the  teredo  for  4  or  5  years;  and  cypress  piles,  well  cliarred,  for  9 
years,  (e)  For  ordinary  exposures  on  land,  8  to  10  lbs  of  creosote  oil,  per  enb 
ft  are  reqd  =  say  670  to  830  lbs  per  1000  ft  board  measure  »  80  to  40  9^s  per  cross 
tie  of  4  cub  ft.  For  prote<^ion  against  sea-worms  10  to  12  lbs  per  cub  ft  suffice  in 
climates  like  those  of  Great  Britain  and  the  Northern  U.S.;  but  in  warmer 
waters  where  the  teredo  is  very  active,  from  14  to  20  fcs  per  cub  ft  are  used. 
Large  timbers  may  not  require  saturation  throughout,  andthus  may  take  less 
per  cub  ft.  But  see  (i)  and  end  of  Art.  1  (a),  (d)  Creosote  oil  welsrhs  about 
8.8  lbs  per  U.  S.  gallon.  Its  eost  (1888)  is  about  1  ct  per  ft) :  that  of  the  process, 
applied  to  pine  and  similar  woods,  including  oil,  from  16  cts  per  cub  ft  of  tim- 
ber for  10  Iba  of  oil  per  cub  ft,  to  30  cts  per  cub  ft  for  18  ft)s  per  cub  ft.  Special 
prices  for  iiard  wood.  See  (j).  It  is  cheaper  in  England,  (e)  The  sticks  should 
be  reduced  to  their  intended  final  dimensions  and  framed  (if  framing  is  reqd) 
before  treatment:  especially  if  for  exposure  to  teredo,  which  is  sure  to  attack 
any  spots  which  (as  by  subsequent  cutting)  are  left  unprotected,  (f)  Creosoted 
ties  have  remained  sound  after  22  years'  exposure.  The  creosote  protects  the 
spikes  from  rusting,  (fg)  Spruce,  owing  to  its  irregular  density,  is  unsuitable 
for  creosoting.  (a)  Creosote  renders  wood  stitfer  and  slightly  more  brittle.  In 
hot  weather  it  exudes  to  some  extent  and  discolors  the  wood.  Its  smell  excludes 
it  from  dwellings,  (i)  It  does  not  wash  out  from  the  wood,  but  often  fails  to 
penetrate  the  heart-wood.  Then,  if  any  sap  remains,  decay  begins  at  the  cen- 
ter. See  end  of  Art  1  (a).  Burnettijrfng  the  cen  of  the  stick  (see  Art  7)  and  us- 
ing a  coating  of  creosote  outside,  has  long  been  suggested  as^e  best  possible 
method.  This  is  cheaper  than  thorough  creosoting.  Foir  cost,  etc,  of  a  "zinc- 
creosote"  process,  address  J.  P.  Card,  Chicago,  111.  (J)  Creosotlnar  is  done 
by  the  Eppinger  A  Russell  Creosoting  Works,  ofilce  160  Water  St,  New  York. 
Their  arrangements  are  such  iliat  the  process  can,  if  desired,  be  confined  to  a 
portion  of  the  length  of  the  stick.  For  their  prices  see  (d).  The  Carolina  Oil  & 
Creosote  Co,  Wilmington  N.  C.  treat  timber  with  oreoaote  oil  obtained  from 
wood. 
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Art.  0.  (a)  Mineval  solnttons  are  inferior  to  creosote,  even  on  land ; 
-and  useless  m  ruiming  water  or  against  sea-wonus;  but  they  approximately 
double  the  life  of  iuferior  timber  uuder  ordinary  laud  ezpoeures;  and  th«ir 
cheapuess  permits  their  use  wtiere  that  of  creosote  is  too  expensive,  (b)  Tiiey 
render  wood  harder;  and  brittle  if  the  solution  is  too  strong.  They  are  liable 
to  be  washed  out  by  rain  etc  Hence  the  outer  wood  decays  first.  See  Art  4  (i) 
Art  8  (b)  (c)  (d).  (c)  A  coinmitiee  of  the  American  Soc  of  Civ  Eugra,*  after  col- 
lating a  large  number  of  experiments,  recomineuded  BurneiUisijijff  (Art  7) 
for  damp  exposure,  as  tiiat  uf  cross  ties,  damp  floors  etc;  and  iK^^anis- 
Ine  (Art  6)  for  comparatively  dry  situations  with  exposure  to  air 
and  sunlight,  as  in  bridge  timbers,  lor  which  it  is  better  suited  than  Buruettiz- 
iug  because  it  seems  to  weakeu  wood  less,  in  such  exposures  it  preserves  wood 
for  20  to  30  years. 

Art.  6.  (a)  Kyanisliiiir  consists  in  steeping  the  wood  in  a  warm  solu- 
tion of  lib  of  M-enlorideof  mercury  (corrosive  sublimate)  iu  100 
ftw  of  water,  (b)  It  is  usual  to  allow  tl>e  wood  to  soak  a  day  for  each  inch  of  the 
thickness,  or  least  dimension,  of  the  piece,  and  one  day  in  addition,  whatever 
the  sir^e.  (c)  With  the  sublinuite  at  70  cts  per  1>  (1888)  and  4  to  5  flbs  per  1000  ft 
boi,  It  costs  about  $7  per  1000  ft  bm,  or  8|  cts  per  cub  ft,  or  34  cts  per  tie  of  4 
cub  ft.  (d)  Gen'l  Cram  found  the  process  very  nnliealtliy*  "saiivatiog  all 
the  men"  ;  but  Mr.  J.  B.  Francis,  at  Lowell,  and  Mr.  H.  Biasell  of  the  Eastern 
B.  B.  of  Mass,  had  little  or  no  trouble  in  this  respect.  The  sublimate,  however, 
which  is  very  poisonous,  is  apt  to  effloresce,  and  the  use  of  the  timber  is  tliiia 
rendered  dangerous,  (e)  The  wood  decays  sooner  under  than  above  ground; 
but  spruce  ties,  kyanized  in  1840,  were  perfectly  sound  in  1855.  The  sublimate 
readily  washes  out,  and  the  process  is  therefore  unsuitable  for  damp  situations. 
It  is  carried  on  by  the  Proprietors  of  the  Locks  and  Oanala  on  Merrimac 
River,  at  Lowell,  Mass. 

Art.  7.  (a)  Burnettlzlng^  consists  iu  immersing  the  wood  for  several 
hours  in  a  solution  of  2  Sbs  ebloride  of  sine  in  100  fbs  of  water,  under  a 
pres  of  from  100  to  300  fi>s  ))er  sq  inch,  (b)  It  seems  to  render  wood  more  brit- 
tle than  kyanizing,  and  is  therefore  less  adapted  for  timbers  bearing  tensile  or 
transverse  strain.  Spikes  rust  away  rapidly  in  Biirnettized  ties,  (c)  It  C4MBta 
(1888)  about  $5  per  1000  f t  bm  =  6  cts  per  cub  ft  =  2v>  cts  per  tie  of  4  cub  ft. 

Art.  8.  Otber  preventives,  (a)  Steeping  iu  a  solution  of  sulplftAte 
of  copper  (blue  vitriol)  has  been  extensively  used,  but  does  not  seem  to 
have  been  permanently  successful.  The  blue  vitriol  washes  out  readily.  (!»)• 
In  the  ThCImany  process,  as  practised  by  the  Wiscousin  Wood  Preserv- 
ing Co.,  Milwaukee,  wis ,  the  timber  is  first  steamed.  The  steam  and  air  are 
then  exhausted  by  an  air-pump,  after  which  are  injected  first  a  solution  of  sul- 
phate of  copper  (blue  vitriol)  or  of  sulphate  of  zinc  (white  vitriol)  and  then  one 
of  chloride  of  barium,  both  under  pressure.  It  is  claimed  that  this  fills  the  pores 
with  insoluble  sulpliate  of  baryta.  Kailroad  ties  require  about  12  hours.  Cost, 
about  20  cents  per  tie,  or  from  $4  to  $5  per  1000  feet,  board  measure,  (c)  The 
Weilbonse  process,  as  employed  by  the  Chicago  Tie  Preserving  Co., 
injects  first  a  solution  or  chloride  of  zdnc  with  glue,  and  then  one  of  tannin 
(both  under  pres),  in  order  to  diminish  the  subsequent  washing  out  of  the 
diloride.  The  process  costs  (1888)  about  |7  per  1000  ft  bm  =^  sav  8  cts  per  cub 
ft.  It  is  not  recommended  for  sub-aqueous  use.  (d)  The  "  gypsum  pro- 
cess" of  the  American  Wood  Preserving  Co.  of  St  Louis  Mo  uses  gypsum  and 
chloride  of  zinc  in  order  to  retai^  the  latter  more  perfectly.  The  wood  is  then 
kiln-dried,  (e)  Fence-posts  etc  seem  to  be  preserved  to  some  extent  by  having 
only  their  lower  ends  dipped  in  tar  well  boiled  to  remove  the  ammonia,  whfcli 
last  is  destructive  to  wood.  The  upper  end  must  be  left  uutarred  to  let  the  sap 
evaporate,  (f)  Attempts  at  wood  preservation  by  means  of  vapor  of  creo« 
sote  etc  have  proved  failures,  {ig)  While  wood  is  thoroughly  saturated  with 
petroleum  it  does  not  decay.  But  unless  the  supply  is  kept  up  the  oil 
evaporates  and  leaves  the  wood  unprotected.  Ctk)  Cottonwood  ties  laid  upon  a 
soil  containing  about  2  per  cent  carbonate  or  lime,  1  per  cent  salt  and  iper 
cent  each  of  pot^h  and  oxide  of  iron,  on  the  Union  Pacific  R.  R.  in  1868,  were 
found  in  1882  "as sound  and  a  good  deal  harder  than  when  first  laid," although 
Buch  ties  in  other  soils  Uswd  but  from  2  to  5  years,  (i)  The  use  of  solutions  of 
lime  and  of  salt;  and  charriufr  the  surface;  are  sometimes  found  useful 
In  damp  situations. 
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Price  «f  litmlMr,  PhikdelpliU  1888 1  Spnwe  JoItU,  $20  to  $24  per 
Kwrd  meanure.      lleinlockjoifta,  1^3  to  $16.     Y«Uow  ptno  floor  boards,  $20  to  $36. 


^     .  ,  ^«rl000fe6t 

ixwrd  meanure.      lleinlockjoifta,  1^3  to  $16.     Y«Uow  ptno  floor  boards,  $2 
White  pine  boards,  $18  to  $fiO,  according  to  quality,  degree  of  seasoning,  Ac.     Sawed 
white  pine  timbers,  $28  to  $35.    Heart  jt  How  pine,  $2U  to  $39.    Hemlock,  $16  to  $^. 
Giilingham,  Oarrison  St  Co.,  943  Kichmund  Street 

Boards  of  oak  or  pln«,  nailed  tof^ctlier  by  from  4  to  16  tenpenny 
common  cat  nails,  and  theu  pulled  apart  in  a  direction  lengthwise  of  the  boards, 
and  across  the  nails,  tending  to  break  tbe  latter  in  two  by  a  shearing  action,  required 
about  300  to  400  90e.  per  nail  to  separate  them,  as  the  average  of  many  trials. 

TABL.S:  OF  CI7T  VAIUL 

Ba«e  price,  Philadelphia,  1888,  about  $2.10  per  keg  oentalning  100  tw.* 
*«  Rxtras''  adopted  by  Atlantic  States  Nail  Association,  February  9th,  1888. 


Lencth. 
Inohen. 


•TNaili 
I»er  lb. 


Rxtrm  orar 
baM  prioe., 
cts.  per  keg*. 


N  amber 
or  NftUs 
per  ft. 


Kxtrft  over 
base  price, 
ets.  per  keg. 


<«ComiikOia>'  NstlU. 


2  penny 

71G 

S  *•  ilm) 

^74 

62C 

8  « 

44<» 

4  « 

800 

6   « 

210 

6   " 

163 

7   ** 

2^ 

123 

8   « 

93 

175 
150 
76 
75 
50 
50 
25 


10  penny 

3 

66 

12  •» 

3^ 

60 

20  « 

4 

32 

30  « 

45^ 

19 

40  « 

5 

16 

60  « 

5H 

13 

60  " 

6 

10 

0 
0 
0 
0 
2^ 


FinlsHlny  Nails. 


4  penny 

5  « 

6  « 
8      *♦ 


2V^ 


470 

175 

10  penny 

3 

84 

100 

330 

173 

12   " 

3^ 

65 

100 

196 

150 

20  « 

4 

60 

100 

116 

125 

Slating  Nails. 


8  penny  1*4 

4      >*  I      IH 


280 

200 


200 
125 


6  penny 


r* 


160 
128 


125 
100 


IPenoe  Nails. 

Sxtras  same  as  Ibr  corresponding  sizes  of  common  nails. 


2  inoh,  80  per  lb. 
2%     *   66   ** 


2\4  inch,  GO  per  fi). 
2%  "  48   " 


3  inch,  40  per  9). 


Gmt  Spikes,  25  eta  per  keg  extra. 
Similar,  In  shape,  to  the  common  naU$  (above)  but  somewhat  heavier. 


3  inch,  29  per  S». 
?V<;    **     21     •* 

4  "      16      ^ 
4K    "      18      *' 


6V^  inch,  6  per  fi>. 

7  '♦5        '♦ 

8  «      3^    « 


Tike  slses  and  -vrelfplkts  -varjr  considerably  with  different  makers.  The 
above  are  machine  made,  or  out  nails,  cut  by  machlnei^  from  plates  of  rolled  iron 
or  steel  'Wrangtkt  nails  are  forged  by  a  blacksmith,  or  by  machinery,  fh)m 
rolled  Iron  or steel»«d».  Nails  cut  firom  Bessemer  and  similar  steels  cost  about 
10  cents  per  keg  more  than  the  above. 


•Morris.  Wheeler  ft  Co.  (Pottatown  Iron  Co.),  I6th  aud  M»rket  Sts.,  rhiladelpl.ia 
■jftnufactoreit. 
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PLA'STERING. 


Tub  plastering  of  the  inside  walls  of  buildiuga,  whether  done  on  lathB,  bricks,  or 
stoue,  generally  considts  of  three  separate  coats  uf  mortar.  The  first  of  these  Is  called 
by  wo^men  the  rough  or  scratch  coat;  and  consists  of  about  1  measure  of  qoicklinie, 
to  4  of  sand ;  (which  latter  need  not  be  of  the  purest  kind;)  and  %  measure  of  bul- 
lock or  horse  hair;  the  last  of  which  is  for  making  the  mortar  more  cohesive,  and 
less  liable  to  split  off  in  spots.  This  coat  is  about  %  to  }4  inch  thick ;  is  put  on 
roughly ;  and  should  be  pressed  by  the  trowel  with  sufficient  force  to  enter  perfectly 
between  and  behind  the  laths;  which  fbr  facilitating  this  should  not  be  nailed 
nearer  together  than  ^  an  inch.  In  rude  buildings,  or  in  cellars,  Ac,  this  is  often 
the  only  coat  used.  When  this  first  coat  has  been  left  for  one  or  more  days,  accoi-d' 
ing  to  the  dryness  of  the  air,  to  dry  slightly,  it  is  roughly  scored,  or  scratched^  (hence 
its  name,)  with  a  pointed  stick,  or  a  lath,  nearly  through  its  thickness,  by  lines  run- 
ning diagonally  across  each  other,  and  about  2  to  4  ins  apart.  This  gives  a  better 
hold  to  the  second  coat,  which  might  otherwise  peel  off.  If  the  first  coat  has  be- 
come too  dry,  it  is  well  also  to  dauiuen  it  slightly  as  the  second  one  is  put  on. 

The  sec<md  coat  is  put  on  about  yito%  inch  thick,  of  the  same  hair  mortar,  or 
coarse  stuff.  Before  it  becomes  hard,  it  is  roughed  over  by  a  hickory  broom,  or 
some  substitute,  to  make  the  third  coat  adhere  to  it  better. 

The  third  coat,  about  %  inch  thick,  contains  no  hair;  and  for  giving  it  a  still 
whiter  and  neater  appearance,  more  lime  is  used,  say  1  of  lime,  to  2  of  sand ;  and 
the  purest  sand  is  used.  This  mortar  is  by  plasterers  called  stneco;  a  nam* 
also  applied  to  mortar  when  used  for  plastering  the  outsides  of  buildings.  Or  in- 
stead of  stucco,  the  third  coat  may  be,  and  usually  is,  of  hard  finish^  or  gauge  stvff; 
which  consists  of  1  measure  of  ground  plaster  of  Paris,  to  about  2  of  quicklime, 
without  sand.  Hard  finish  works  easier ;  but  is  not  as  good  as  stucco,  for  walls  in- 
tended to  be  painted  in  oil.    The  plaster  of  Paris  is  for  hastening  the  hardening. 

er  or  less  extent,  acoording  to  whether 
It  ols  are  nierelr,  the  trowel;  the  hand- 

Hi  bandied  brush  for  wetting  the  snrfmoe 

pi  tr  finer  polishing,  a  float  made  of  eork 

!•  with  a  handle  beneath,  oo  whioh  the 

pl  liis  trowel,  is  called  a  hawk, 

r-brnsh  and  trowel,  (which  prooeea  is 
e*  uently  only  two  coats  of  plastering  are 

V^  loe  is  not  needed.    The  first  is  of  hair 

u  then  oorered  bj  the  finishing  ooat  of 

fli  but  rery  little  sand,  to  make  it  work 

ea  led  /bnt  ttuff.    Neither  is  as  good  mm 

*t  third  ooat  also  may  hare  a  little  hair, 

to 

bes,  Ac,  by  only  two  ooats  of  plaster  in 
^'  en  lined  into  regular  courses,  it  resem- 

bli 

IS  not  been  taken  from  salted  bides ; 
*Q  » eanse  sea-shore  sand  should  not  be 

ui 

nld  be  left  rery  rough,  to  let  the  plas- 
^'  out  the  mortar  to  the  depth  of  nearly 

*f  I ;  as  can  be  seen  daily  In  any  of  our 

eit —  ..„  ,„.„  ..»,„u  „„»  „,  „r«j»  juiuw  IB  M;utuu>  buu  cxptrnsive,  it  would  generally  be  better  to 
use  paint  rather  than  plaster.  The  walls  should  alM>  be  washed  clean  from  all  dost ;  sad  sboald  be 
slightly  dampened  as  the  plaster  is  put  on. 

To  imitate  granite  on  outer  walls :  after  the  second  or  smooth  coat  of  plaster  Is  dry,  it  rcoeiTes  a 
coat  of  lime  wasb,  slightly  tinted  by  a  little  umber,  or  ochre.  Ac.  After  this  is  dry,  in  case  It  appears 
too  dark,  or  too  light,  another  may  be  applied  with  more  or  less  of  the  coloring  matter  in  it.  Finally, 
a  wasb  of  lime  and  mineral-black  Is  tprinUed  on  from  a  flat  brush,  to  imitate  the  black  specks  of 
granite.  By  this  simple  means,  a  skilfW  workman  can  produce  excellent  imlutlona.  The  horisontal 
ana  vertical  Joints  of  the  imiution  masonry,  may  be  ruled  in  by  a  small  brush,  using  the  same  black 

nn»?'         *       *  stralght-edgei 
the  ntsIi^t^Sl  "i^^^i',  "^'J"  ""y  "*"«"»  «»•  '*••  warped,  or  out  of  line ;  and  it  Is  not  possible  for 
arj  ?iuS  fl^fe^SSJS."'^  perfecUy  by  ere.  as  may  be  seen  in  almost  every  house.    E^en  In  what 
surfaces   °"*«'""  ones,  a  quick  eye  can  generally  detect  unsightly  undulations  of  the  plastered 

aJuJi  Ut7S,^K^^\^}^^  process  of  screetllng:  is  resorted  to.  Screeds  are  a  kind  of 
5raTrin5  mn!;Ir?.S?  ?'»?PP'J^15«  ^  "»«  ""»  '•»"«•»  ~»»'  "h*"  P*r»»7  dri«».  horisontal  strips  of  Ss 
SlnW??,^™  ^K    «•  '!*°"'  *  *"■  *"*•  ""^  '""  iioift  apart  all  ar^nd  the  room.    These  are  mide  tl 

riu7foL'g7sa'iisrexieXj^?i?^^^  ^^-^^  .^rrrisr.^s 

A  nia.t.  ^  day's  work  at  pliuiterliifr. 

...... -™i:',-«?t?ij-«7ij:^?.7,!j  IK--;- 
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much  of  third,  vhioh  requires  more  care.    The  amouat  will  depend  upon  the  number  of  angles,  siift 
of  ruoms,  Whether  on  ceiliugs  or  on  walls,  Ac,  &e. 

Oeu  Olllmore^s  cwttmate  of  cost  of  plaaterlii|r*lOO  square  yards 
with  2  or  with  3  coafo.    Common  labor  $1  per  day.    * 


t            Materials. 

Three  Coats. 
Hard  finished  work. 

Two  Coats.. 
Slipped  ooat  finish. 

Qateklime.        .     

4caska. 

woo" 

4  bushels. 

7  loads.t 
2>^  bushels. 
13  lbs. 
4  dajs. 
3  days. 

.70 
4.00 

.80 
2.00 

.25 

.90 

7.00 

8.0;) 

•      2.00 

2000. 

3  bushels. 

6  loads. 

18  lbs. 
m  days. 
2  days. 

$3.33 

Plaster  of  Paris    

I^aths 

4.00 

Di^lr 

.00 

1.80 

White  Sand 

Kails 

.90 

6.13 

Laborer 

2.00 

Cartage 

1.20 

$2.5.50 

Si9.93 

This  amounts  to  2SM  ets  per  sq  yd  for  3  ooat4 ;  and  say  20  cVt  for  2  ooats.    See  Art  6*  P  674. 

PlasterinsT  latlis  nre  usuallv  of  split  white  or  yellow  pine,  in  lengths  of 
about  3  to  4  feet ;  and  henoe  called  8  or  4  ft  laths.  They  are  about  IH  Ins  wide,  by  H  inch  thick. 
They  are  nailed  up  horisontallr,  about  H  inch  »?"«•  **»•  npHght  studs  of  partitions  are  spaoed  at 
such  distances  apart,  (generally  about  15  ins  from  center  to  center.)  that  the  ends  of  the  laths  may 
be  nailed  to  them.  Laths  are  sold  by  the  bundle  of  1000  each.  A  square  tb^i  of  sorftuse  requires  l  H 
four  feet  laths :  or  1000  such  laths  will  cover  666  sq  ft.  Sawed  Inths  may  be  had  to  order,  of  kny  re- 
qnired  lenifth.  A  carpenter  can  nail  np  the  laths  for  from  40  to  60  sq  yds  of  plastering  in  r  ^ay  of 
10  hours  ;  depending  on  the  number  of  angles  in  the  rooms,  ko. 


S  L  A  T  I N  Oi     For  prices,  ees  note*  p  429. 


Boopnro  slates  are  nsnally  from  V^  to  ^  inch  thick;  about  ^  being  a  comnum 
ayerage.    T 
from  %  to! 


ayeraee.    They  may  be  nailed  either  to  a  sheeting  of  rough  boards  (c,  ^,  in  the  fig) 
►  1^  inch  thick,  (which  should  be,  but  rarely  are,  tongued  and  grooved,) 


•  ATeraire  priee^  of  p1ast«rin^  in  Philuda.  1888,  in  cts  Pfr  sq  yard; 

Threfcoat.,  iBSudiSg  laths,  scaffold'Ac,  .'>0  to  6.5  ct.r  Two  coat*.  ^  to  40.  Three  ''"^t"  on  brick  or 
s««™(n^  l..ths  reqd)?  SO  to  40.  Outside  plastering,  60 ;  or  if  to  imitate  ««»rble,  75.  |««^Pj|.  P»"^^' 
eomioes.  I  to  i  cts  per  inch  of  glith.  per  ft  run.  Plaster  center  flowers  for  Pf'^'J"' •^,^„f  ^^Cf?. 
pTir  The  plasteVing  of  a  20.ft  front,  8-8tory  dwelling,  with  l»'-Ke8.story  back  bul  dings,  JoOO^to 
Boo.    Stlpolite  txprJay  to  pay  only  for  surfaces  actuaUv  pUutered;  and  thus  avoid  extra;  even 

*'  llYo.id7on^-i^r?e)Xtir  i,nh;  U.  8.  and  in  England  --"^  »--?/"'  '' 
h«t  many  doalew  adopt  20  struck  busheU  =  26  cub  ft  =  fully  a  ion.)igitized  by  KjKJKJ^ Ik. 
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laid  hoiisontally  from  rafter  to  ratter;  or  sloping,  from  pnrlin  to  pnrlin,  as  the  case 
may  be ;  or  to  stout  laths  ttt  about  2  to  3  ius  wide,  nnd  from  1  to  1^  thick,  uailed 
to  tlie  rafters  at  distauces  apart  tu  suit  the  gaoge  of  the  slates.  Two  nails  are  used  to 
each  slate ;  oae  near  each  upper  corner.  They  may  be  either  of  copper,  (which  is  the 
most  durable,  but  most  expensive,)  of  zinc,  or  of  either  galyanised  or  tinned  iron. 
The  last  two  are  generally  used ;  or  in  inferior  work,  merely  plain  iron,  ones,  pre- 
viously boiled  in  linseed  oil,  as  a  partial  preservative  from  rust.  BnsC,  however, 
sometimes  weakens  them  so  much  that  they  break ;  and  the  slates  are  blown  off  in 
high  winds,  to  the  danger  of  passers  by.  Since  jgood  slate  endures  for  a  long  series 
of  y&ars,  it  is  true  economy  to  use  nails  that  are  equally  durable.  In  iron  roofs,  the 
slates,  instead  of  being  nailed  to  boards,  are  sometimes  tied  directly  to  the  iron 
parlins,  by  wire.  A  Miuare  of  slating,  shingling,  Ac,  is  100  sq  ft 
In  laboratories,  chemical  factories,  Ac,  subject  to  acid  flnines,  it  is  difllcult  to 

provide  •  meUI  fatteniog  tbat  will  not  be  eaten  away.  In  snob  easea  It  Is  beat  to  depend  ebtefly  opoa 
a  layer  of  morUr  b^tweeo  the  slates.  This  will  barden  before  tbe  metal  raateniogs  give  waj ;  and 
will  bold  tbe  slates  in  plaoe,  while  new  fasteniogs  are  being  inserted. 

Tbe  least  piteh  ooosldered  adrisable  for  a  roof,  to  prevent  rain  or  snow  fh>m  being  drives 
tbrough  tbe  intersUces  between  tbe  slates.  Is  about  K^'^ ;  or  1  vert  to  t  bor ;  wbich  eorresponds  to  a 
rise  of  yi  tbe  span  in  a  common  doable  pitobed  roof.  Bat  even  at  steeper  pitcbes.  rain,  and  mors 
partloalarly  anew,  will  be  foroed  tbroogb  tbe  roof  by  violent  wiads :  espwdally  if  laths  alone  be  need, 
or  even  boarding  alone.  To  avoid  this,  a  layer  of  mortar  about  li(  ineb  tbiek,  may  be  spread  over 
the  tonchiof  nurteoes  of  tbe  slates  if  on  latbs.  If  pn  boards,  tbe  same  prooese  may  be  aOopted  ;  or 
the  more  common  one  of  first  covering  tbe  boardn  with  a  layer  of  what  is  called  uating  j«U  ;  bat 
which  in  realitv  is  merely  thick  brown  paper,  soaked  in  tar.  This  is  sold  In  long  eoatlnaoas  rells, 
38  ins  wide,  and  weighing  from  40  to  50  lbs.    A  60  lb  roll  will  cover  aboat  MO  «a  ft  of  roof.    With 

roper  precautions  against  tbe.  admission  of  rain  and  snow,  a  pitch  as  flat  as  1  In  3>^  or  even  1  la 
.  may  be  adopted. 

The  tbicknens  of  slate  on  a  roof  is  doable;  eireept  at  tbe  lajM  it,  it,  Ac.  where  it  la  triple.  The 
lap  is  measured  from  the  nail  hole  (nnder  0  of  tbe  lower  slate,  to  tbe  lower  edge  or  tail,  «,  of  tbe 
Bpper  one ;  and  is  usually  about  8  Ins.  In  order  tbat  the  showing  lower  edges  of  the  slates  shall, 
when  laid,  form  regular  straight  lines  along  the  roof,  tbe  nail  holes  are  made  ateqnal  diataooes  tnm 
said  lower  edges  ;  so  that  any  irr^ularity  of  length  is  concealed  from  view  at  tbe  bidden  headt  of 
the  slates.  The  slater  entimates  tbe  length  of  his  slate  from  tbe  nail  bole  to  the  tail :  diaeerding  tbe 
narrow  strip  between  the  nail  hole  nnd  the  head.  If  from  this  reduded  length  tbe  lap  be  dedneted, 
then  one-half  of  the  remainder  will  be  tbe  gauge,  wealikeriny,  or  margin,  of  tbe  slating :  or.  In  other 
words.  th9  tkowimg  or  expottd  width  of  the  courses  ef  slates.  Tbe  gsnge  in  Ins  multiplied  bv  the 
width  of  a  slate  in  ins.  gives  the  area  in  i>q  Ins  of  finished  roof  covered  by  a  single  slate ;  and  if  144 
(the  sq  ins  in  a  sq  foot)  be  divided  by  this  area,  the  quotient  will  be  the  number  of  slatea  required  per 
■4}  ft  of  roof.    The  upper  side  of  a  slate  is  called  its  back;  the  lower  one,  its  bed. 

Slating,  like  shingling,  most  evidently  be  commenced  at  the  eaves,  and  extended  upward.  Shoe 
the  beds  of  the  slates  are  not  exaetiy  parallel  to  the  boarding,  and  oon!>equentlv  do  not  rest  flat  npoa 
It,  those  at  the  lower  edge  w  would  easily  be  broken.  To  prevent  this,  a  tUtUtg  ttr^  («  stoat  wide 
lath,  with  its  upper  side  planed  a  little  bevelling,  to  salt  tbe  slope  of  the  olates)  is  first  nailed  around 
near  tbe  eaves,  for  tbe  tails  of  the  lowest  course  of  slates  to  rest  on.  This  Is  shown  on  a  larger  scale 
atT. 

Slate  of  the  best  quality  has  a  irlistening  weml-metsllfo  appearance,  somewhat  like  that  of  a  surface 
of  paper  rubbed  with  black-lead  pencil.  That  of  a  dnil  earthy  aspect.  Is  softer,  more  absorbent,  and 
consequently  more  liable*  to  yield  to  atmonpherie  Influences,  rain,  froit.  4^  Iron  pyrites  fk«qaently 
oeeurs  in  slate;  and  since  it  always  decomposer  and  leaves  holes,  ahonld  never  be  admitted  on  a  roof. 
Of  two  qualities  of  slate,  that  which  ahnnrhr  the  lea^t  weight  of  water,  when  pieces  of  equal  sise  are 
soaked  for  an  hour  or  two,  Is  srenerMllv  the  best;  being  least  ItaMe  to  split  by  ftost,  and  become 
weather-worn.    This  test  is  easily  applied. 

In  Rngland  the  dUfereat  slaes  are  distinguished  bj  absurd  names  of  no  meaning.  In  the 
United  States  they  are  called  6  hy  ^Vn ;  IS  bv  24's.  Ae,  according  to  their  measures  in  inches.  They 
may  be  cut  to  order,  of  almost  any  prescribed  dimensions,  or  shape.  Tho!>e  in  oommon  use  vary  fhMB 
about  7  by  14,  to  12  by  18.  The  first  forms  about  5  to  6  inch  courses ;  snd  the  last  about  7  to  8  Inch; 
depending  upon  how  far  nrom  the  head  the  nail  holes  are  pieroed.  The  farther  this  ia,  the  firmer 
will  the  slating  be. 

Slate  roofs,  like  Iron  onem  heat  Mo  rooms  Immediately  below  them  very  much.  This  is  somewhat 
diminished  when  the  slates  are  on  boards,  Inntead  of  laths;  and  still  niore  bv  a  coat  of  plaster  be- 
neath.   They  are  also  Uable  to  break  when  walked  on ;  less  so  when  bedded  in  mortar. 

Wei ipllt  Of  slate  roofs.  Slate  weighs  about  176  lbs  per  cub  foot ;  therefore, 
a  sq  ft,  ^  inch  thick,  weighs  about  1.8  lbs;  y^,  2.7  lbs;  and  H  thick,  S.6  lbs.  But  owing  to  tbe 
overlapping,  a  square  foot  of  mof  requires  about  2^  sq  ft  of  slate  of  ordinary  sites;  and  If  tbe  slate 
in  laid  on  boarils  an  inch  thick,  t'ae  weiccht  per  sq  ft  of  roof  will  be  Increased  about  S^  fts ;  or  with 
l^^inch  boards,  2.8  lbs.  Latbs  will  weigh  about  H  0^  P«r  sq  ft  of  roof. 
Henoe, 

Approx  Weight 
of  one  sq  f t  of 
Slating,  in  lbs. 

Slate  ^ineh  thick  on  latbs 4.75 

"  on  1  inch  boards 6.75 

onlH"        "      7.80 

"  3-16  "  on  Inths 7.00 

"     "     "  on  1  Inch  boards S.OO 

•    "     '•  onlH"        ••       9.55 

"    H   "  on  laths 9,J5 

"    "     "  on  1  .Inch  boards 11.25 

"     "     '*  onlJi"        ••      11.80 

it  slating  felt  is  used,  add  >^  lb ;  or  if  the  slates  are  bedded  in  }i  inch  of  nu>rtar,  add  8  lbs. 
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Tor  the  total  weight  horw  by  Ae  rotf  tnuM9,  tbftt  of  the  parliot  aliio  awC  be  wMed.  Thin  win 
n«t  viirj  much  rroa  the  limits  of  1  ^  to  3  lbs  per  tq  rt  in  roof*  of  nioder«te  span.  Add  for  wind  aad 
■oow,  sajr  20  fba  per  sq  ft ;  *  aud  flnallj  add  the  weight  of  the  trass  tuelf. 

For  stopplufp  the  Jolato  between  alateii  tor  ihingles,  Ac)  and  chimneys, 
dormer  windows,  *o,  a  mixture  of  stitf  white-lead  paiat,  as  sold  bj  the  lc«g.  with  sand  enougb  to  pre> 
▼ent  it  from  fanning,  is  very  good ;  especially  if  proteeted  by  a  oorertng  of  strips  of  lead,  or  eoppefi 
tin.  *e.  Bailed  to  the  monar>Joiiita  of  the  ehimaeys.  after  being  bent  sa  as  to  enter  said  Joints ;  whiob 
should  be  soraped  out  for  an  inoh  in  depth,  and  afterward  refilled.  Mortar  proteoted  In  the  same 
way.  or  even  anprotected,  is  often  need  for  the  purpose ;  bat  is  not  eqnal  lo  the  paint  and  sand.  Her 
tar  a  few  days  old,  (to  allow  refraetery  particles  of  lime  to  slack.)  mixed  with  blaeksmith's  otnderft 
and  molasses,  is  much  used  for  thifl^arpose ,  and  becomes  rery  hard,  and  eneetlre. 

For  prices  of  slatlny,  see  foot  note*  below. 


SHINGLES. 


Wbiti  cedar  shingles  are  the  best  in  use;  and  when  of  good  quality  will  last  40  or 
^  years  in  our  Northern  States.  They  are  usually  27  iiw  long;  by  from  6  to  7  ins 
wide ;  about  ^  inch  thick  at  upper  end ;  and  about  %  at  lower  end  or  butt ;  and  are 
laid  in  courses  aboat  S%  ins  wide ;  so  that  not  quite  J<g  of  a  shingle  is  exposed  to  the 
weather. 

They  are  asaally  laid  In  three  thtcknesaes ;  except  for  an  inoh  or  two  at  the  upper  ends,  where  there 
are  four.  They  are  nailed  to  sawed  shingling-laths  of  oak  or  yellow  pine;  about  16  ft  long;  2H  ia« 
wide,  and  1  inch  thick ;  placed  in  horiiontal  rows  about  S14  \n*  apart.  These  are  nailed  to  the  r^ti- 
ers.  or  purlins :  which,  for  laths  of  the  foregoing  sixe,  should  not  be  more  than  2  ft  apart  from  oeoter 
to  center.  Two  nails  are  used  to  each  shingle,  near  its  upper  end.  They  should  not  be  of  less  size 
than  40Q  to  a  lb.  Wrought  nails  being  the  atron^ent.  are  the  best;  out  ones  are  apt  to  break 

by  the  warping  of  the  shingles.  Two  pounds  of  such  nnil«  will  sufBce  for  100  sq  ft  of  roof.  Including 
waste.  An  average  shingle  7><  ins  wide,  In  8>i  iooh  oouroe*.  exponei  O-^H  "4  ins ;  making  214,  ahingles 
lo  a  aq  ft  of  roof;  but  to  allow  for  waste,  and  narrow  shingles,  it  is  better  In  practice  to  allow  about  S 
shingles  to  a  sq  ft.  „       .    ,       .. 

Shingling,  like  slating,  most  plainly  be  began  at  the  eares :  and  extended  upward.  For  closing  the 
joints  between  the  shingles,  and  chtinnti3-s,  dormer  windows.  ^,  see  at  end  of  Slating. 

Cypres*  and  white  pine  are  also  much  used  for  shingles,  being  much  c'leaper,  but  i^oKroely  half  as 
darable.t  All  ithiofles  wear  quite  thin  in  lime  by  rain  and  exposure.  In  warm  damp  climates  they 
aU  decay  within  6  to  1:1  years. 


PAINTING. 


Thb  princiifal  material  nsei  in  house-painting,  is  either  white  lead,  or  oxide  <^ 
zinc,  ground  in  raw  (unboiled)  linseed  oil,  by  a  mill,  to  the  consistency  of  a  thick 
paste.  la  this  condilioa,  it  is  s<^  by  the  maoufitc4urers  in  kegs  of  3&,  60,  and  100 
ros.  To  prepare  it  for  actn<tl  use,  merely  requires  the  addition  of  more  linseed  oil, 
say  3  or  4  pints  to  10  Iba  of  the  keg  paint,  for  thinning  it  sufficiently  to  flow  readily 
under  the  brush. 

Qood  painting  requires  4  orS  coats ;  bnt  aaoally  only  4  are  used  in  principal  rooms;  and  8  In  infbrlor 
nne^.  Rach  coat  mast  be  allowed  to  dry  perfectly  before  the  next  one  is  put  on.  One  B»  of  the  keg 
paint  will,  after  being  thinned,  cover  about  3  sq  yds  of  first  coat;  8  yds  of  second;  and  4  yds  of  each 
subsequent  coat ;  or  1  sq  yd  of  6  coaia  will  require  in  all,  1.08  lbs ;  or  4  coati,  l^  fts;  of  6  ooats,  1.6B 
fti.  The  reasoQ'why  the  Qr»t  eoau  require  so  moch  more  than  tlie  sabseqnent  ones,  is  that  the  bare 
aarfaee  of  the  wood  absorbs  it  more. 

When,  as  is  usual,  ram  or  unboiled  oil  Is  used  for  thinning,  dnytr*  mast  be  added  to  it;  otherwise 
the  paint  might  require  several  weeks  to  harden ;  whereas,  with  dryers,  from  1  to  3  days,  according 
to  the  weather,  suBoe  for  each  coat  to  become  hard  enoagh  te  receive  the  next  one.  The  dryers  most 
eoauuonly  used,  are  powdered  litharge,  in  the  proportion  of  one  heaped  teaspoonfnt;  or  Japan  var- 
nish. 1  table-apeonftal,  to  10  Ih^  of  the  keg  paint.  Hither  sngar  of  lesul,  or  sulphate  of  tine,  may  also 
he  used  instead  of  litharge ;  and  in  the  same  proportion.  Although  both  Hiharge  and  Japan  varnish 
are  dark-colored,  yet  the  quantity  is  so  small  as  no«  to  appreciably  afliMt  ttie  whiteness  of  the  paint. 
If  the  ramish  is  Used  in  ntoess,  as  is  often  done  In  the  hnrrj  to  have  work  finished,  it  produces 
cracks  all  over  the  surface.  No  dryer  is  neeesshry  if  painters'  boiled  oil  be  nsed  for  thinning.  Mere 
boiling  win  not  eaase  oU  to  hardeb  more  rapidly ;  but  ^t  intended  for  paiateca,  hasiitharg*  added 
tn  it  previously  to  boiling ;  In  the  proportion  of  1^  lbs  to  each  10  gallons  of  raw  oil.  In  some  works 
written  for  the  use  of  bouse  painters,  it  is  asserted  that  boiling  renders  the  oil  too  thick  for  any  but 
onarse  outdoor  work.  But  this  is  entirely  a  mistake ;  for  if  the  boiling  be  properly  done,  the  oil 
will  be  quite  chin  enough  for  the  best  inside  work ;  and  will  moreover  be  dearer  thau  while  raw ;  and 

♦  Price  of  slate,  felt,  and  slating  in  Philada,  in  1888,  is  from  8  to  9  eta  per  sq  ft, 
Moording  to  quality  ef  slate,  kind  of  naan,  fre ;  bnt  eaolnsive  of  b«irdiiig.  With  eop pec  aaiU  add  I 
ct  per  sq  ft.  The  slate  from  Peaeh  Bottom,  York  Co,  Penna,  is  the  best  in  the  Sute.  It  coniniaDds 
1  or  2  ots  per  sq  ft  more  than  the  others.  A  roof  of  leaded  tin  will  cost  about  the  same  as  one  of  slate ; 
uid  not  much  mere  than  half  as  much  as  good  cedar  shingles,  (in  PhUada.)    Felt  about  2  cts  per  0>. 

♦  Price  of  shingles  per  1000,  in  Philada,  in  H«8 :  Cedar,  0  ins  X  30  ins,  $25;  6  ins  X  24  ins,  $20. 
Cypress,  $18.  Shingling  laths,  $5.  Cedar  shingles,  laths,  nails,  and  shingling  complete,  20  cts  pel 
«q  ft  of  roof;  or  about  twice  as  much  as  slate  or  leaded  tin  roofing,  exduoive  of  boards. 
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FAINTINO. 


.ke  thiBOlDS  oil,  (eseepi  Itor  the  Ont  eottt,)  ia  tpirita  of  torpm- 

Tbe  qMatitT  of  oil  awj  b«  dimiuished,  to  the  txxamt  or  tb« 

■  oil.  oft«M«  the  paiBt  to  work  More  pleoiaotly  udor  the  brtuh. 


«Ui  laiMrt  to  the  pidottd  oarfaoe  a  more  ohiniiic  appewMice.  The  heal  shooM  be  terely  mSelMit 
to  prodMO  bollinc ;  or  about  600<^  Vah.  The  boiling  ehottkl  oooUBBe  about  IH  hour^ ;  the  oil  bdns 
thoroughly  stirred  at  short  iutervals,  to  prevent  the  litharge  froB  eettttng  at  the  bottom.  The  Ore 
Biaj  then  be  allowed  to  sabaide ;  when  the  operation  will  be  completed.  A  wdimeat  will  tben  form 
at  the  bottom ;  which  mast  be  left  behind  when  the  oU  is  peered  oA  Althoogh  no  drjer  is  nnoaeeary 
with  this  oU.sUU  a  Uttle  litharge  may  be  added  when  great  ezpeditian  demands  it.  Paiaiara  rarely 
OM  this  oil,  on  aooonnt  of  its  trifliag  increase  of  oesC 

Another  sabetanoe  maeh  used  with  the  thinning  o" 
tine ;  called  "  tnrp"  t>y  the  workmen.    The  qnaatit; 

added  tnrp.  This  being  mere  Hold  tlwa  oil.  oaaaes  the  paint  M  work  mere  pleasantly  aider  the  brtuk. 
It  moreover  diminishes  the  tendency  of  the  paint  to  beeome  yeltow ;  espeeiallj  is  rooms  kept  doaed 
for  some  time.  It  is  also  moch  cheaper  than  oil.  It  shonld  not  be  used,  or  bat  sparingly,  for  exposed 
outdoor  work ;  inasmuch  as  iu  tondeney  is  to  impair  tlie  firmness  of  the  paint ;  aad  althaagh  ito 
eflfecu  are.  scarcely  appreciable  indoors,  they  are  quito  apparent  when  the  work  lias  to  resist  tlie 
weather.  As  the  fashions  change  in  bouse-painttng,  the  sarface  is  at  times  required  to  present  a 
$kiniHg  or  gloup  finish :  at  other  times  a  dedd  one  Is  in  vogue.  TIte  gloesy  one  is  that  wbieb  the 
paint  will  naturally  have,  provided  that  no  nK>re  Mrp  than  oil  be  used  in  the  thinning.  Tlie  dead 
floiMh  is  obtained 'by  using  no  oil.  bat  tmrp  alone,  for  the  last  eoat;  which  in  that  case  la  called  s 
Matting  eomt.  Although  tnrp  i»  not  properly  a  dryer,  still,  as  it  eraporaias  qnieklj,  it  faeiiltates  tbs 
hardening  of  the  paint. 

In  outdoor  work  it  is  asnally  advisable  to  ase  more  dryer  than  inside,  so  that  the  paint  wuty  soooar 
beeome  iMrd  enoogh  not  to  be  iiijnnid  by  dast  or  rain.    Otherwise  Iom  woald  be  better. 

When,  instead  of  a  whito  finish,  one  of  some  other  odor  is  required,  the  coloring  ingredient  is 
mixed  with  the  white  paint  to  be  used  in  tbe  last  coat  only  ;  although  two  coloring  ooau  are  aonie-* 
times  found  to  be  necessarv  befbre  a  satisfactory  effect  is  produeed.  The  cdoriug  ingredieiito  atar  be 
indigo,  lampblack,  terra  sienna,  amber,  ochre,  efaresM  yellow,  Venetian  red,  red  lead,  Ae,  Ac  ;  wbieii 
ar7  ground  in  oil.  ready  for  sale,  by  tbe  mannraetnrers  of  the  wiiite-lead  and  sine  painto.  Thej  ara 
simply  well  stirred  into  the  white  paint. 

All  surfaces  to  be  painted,  should  first  be  thorong bij  dry,  aad  free  from  dast.  If  en  wood,  all 
plane-marks,  and  other  slight  irregularities,  shoold  irst  be  smoothed  off  by  sand-paper.  what  the 
neatest  finish  is  required.  Also,  alt  heads  of  nails  mast  be  punched  w  about  \i  inch  below  the  awr* 
face.  To  prevent  knots  tnoi  showing  through  the  finished  work,  (as  those  in  white  or  yellow  pins 
would  do.  on  account  of  the  contained  turpentine,)  they  must  first  be  kOUd.  as  it  Is  termed.  A  osaal 
and  eObetive  way  of  doing  this,  is  by  covering  them  with  two  enato  ar  shellac  varnish ;  whieh.  wbeo 
dry,  should  be  smoothed  by  saudpaper.  Another  mode,  not  quito  so  certaia,  is  by  oae  or  two  ooata 
of  white  lead  mixed  with  thin  glue- water,  or  »ixf,  as  it  is  called. 

After  these  preparations,  the  first,  or  priming  eoat,  is  put  on ;  In  wfcieh  there  shoald  be  no  tnrp; 
because  it  would  sink  at  once  into  the  bare  wood,  leaving  the  white  lead  behind  it,  in  a  nearly  diy 
friable  condition.  After  this  the  nail  boles,  cracks,  Ac,  must  be  filled  with  oomaAn  gtasiCTa*  pnt^, 
made  of  whiting  (fine  clean  washed  chalk)  and  raw  linseed  oil ;  boiled  oil  will  not  answer;  the  pwttj 
would  be  friable.  The  potty  would  be  apt  to  fall  ont,  if  pnt  in  before  priming;  bniaaae  the  wood 
would  absorb  the  oil,  and  the  potty  would  then  shrink.  After  the  first  eoat  is  perfSeetly  dry,  the 
Koond  one  is  pot  on ;  and  for  it  about  1  measure  of  tarp  may  be  mixed  with  S  maaeurea  of  the  thin* 
uing  oil.  In  the  third,  and  any  subsequent  eeam.  a^aal  mcasarea  of  turp  and  oil,  may  be  need  for 
thinning,  if  the  work  is  required  to  dry  with  a  iKoss  ;  hot  if  It  is  to  finish  dead,  the  last  eoat  must 
be  a  Jlatting  one;  or  one  in  which  the  thlnniag  oil  is  entirely  omitted,  and  tnrp  alone  anbatltatad 
for  it.* 

Painters  generally  clean  their  brashes  by  merely  preming  out  most  of  the  paint  with  a  knifh;  aad 
then  keep  them  in  water  until  further  use.  If  to  be  put  away  for  some  time,  they  may  be  thoroughly 
cleaned  by  tnrp ;  or  by  soap  and  water.  To  prevent  a  bard  skin  from  foraiiag  on  the  top  of  their 
paint  when  not  used  for  some  days,  they  poor  on  a  little  oil. 

TlM  bfHit  patnta  for  nreserrlnir  Iron  expoaed  to  tlie  wcibtlier, 

appear  to  be  pulverised  oxides  of  iron,  such  as  yellow  aad  red  iron  ochres ;  or  brown  hematite  iron 
ores  finely  ground;  aad  simply  mixed  with  liaseed  oil.  and  a  dryer.  White  leail  applied  directly  to 
tbe  iron,  requires  incessant  renewal :  and  indeed  probably  exeru  a  corrosive  effect.  It  may,  how- 
ever, be  applied  over  the  more  durable  colors,  when  appearance  requires  it.  Bed  lead  is  safd  to  ba 
very  durable,  when  pure.  Aa  instonee  is  recorded  of  pnmp-rods,  in  a  well  200  ft  deep,  near  LKiodon, 
which,  having  irst  been  thus  paiated.  were  in  ase  for  45  years :  aad  at  the  expiration  of  that  ti»e. 
their  weight  was  feand  to  be  precisely  the  same  as  when  new ;  thna  shewiag  that  mst  had  not 
afleoled  them.    Bee  p  408. 

When  the  else  of  the  exposed  iron  admito  of  it,  iU  freedom  from  rast  may  be  vary  mneh  promoted 
by  first  beating  it  thorooghly ;  and  then  dipping  it  into,  or  washing  it  well  with,  hot  Unseed  oil; 
which  will  then  penetrate  lato  the  interior  of  the  h^.  For  tinned  iroa  exposed  to  the  weather  on 
rwof".  rain  pipes.  4o,  Spanish  brown  is  a  very  durable  eelor.  The  tin  is  freqoently  found  perfectly 
bright  and  protected,  when  this  color  has  been  nsed.  after  an  exnoenre  of  40  or  60  years.  White 
point  washes  off  ia  a  few  years  by  rain. 

Plastered  walls  should  If  possible  be  allowed  to  dry  for  at  least  a  year,  before  being  painted  in  oU : 
^wIT'Tw"*?  I>aint  will  be  liable  to  blUter.  They  may.  If  prel^rod.  be  frescoed  (water .oolorl, 
"•««»''>tbsise)  to  the  desired  Untdariag  the  iaterval.  *      *«r-«»ioi». 

The  painting  of  unseasoned  wood  hastens  iu  deeay.  If  the  enrfMa  to  ba  painted  ki  araaav  the 
gr^  most  irst  be  removed  by  water  to  which  Is  diLrfved  aomeuS  *^^' 

WftnliMl  A»r  ontAlde  work.  Downinff,  in  hts  work  on  ooantrr  honnM. 
S^r?nT«1-.l*!l*.!^I?*'''«=  '*"'  •?»?''  "wrt.-  «»  •  «fht  bosiel.  slack  half  a  bashel  of  f^h  Hm^ 
pouring  over  It  boiling  water  snfllcient  to  cover  it  1  or  5  iirs  deep ;  stirring  It  antll  slacked  Add! 
U!»l^"PA*Kf  2^  *i?*  ^'"•^"'  *''""'>  dissolved  in  water.  Add  water  enoogh  to  bring  Si  totheSa- 
i^^S^K"'^  'ii?*  whitewash.  Apply  with  a  whitewash  brath.  This  wash  is  whito?  but  it  ma!^ 
•olored  by  adding  powdered  ochre  Indian  rod,  umber,  Ac.    If  lampbl«jki*  addS  to\it*r  eJ5J.  U 


J,  an  I  gaiienes.  «900  to  $1000.    Avoid  extras ;  or  stipulate  for  them  in  advanoe.  ^^ 
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ahould  first  be  tboroaghlj  diisoWed  in  ticohol.   The  Rolphafee  of  line  onasee  Um  wMh  to  beeoaa  kard 
in  »  few  weeks. 


For 

before;  tti 
ph«te  of  I 
mmy  be  pi 
jast  befor 
He  also 
beeoraes  f 
add  Uie  81 
all  the  foi 
linseed  oi 
orad  like  i 
put  on  tw 
Also,  ai 
dryer;  50 
pontine. 

Cement  for  stoppiniT  Jointa,  such  as  around  chimneys,  Ac,  Ac.     White 

lead  ground  in  oil.  as  sold  by  the  keg ;  mixed  with  enoagb  pare  sand  to  make  a  stilT  paste  ttiat  will 
not  run.  It  grows  bard  by  exposure,  aud  resists  beat,  cold,  and  water.  Pieces  of  stone  may  be 
strongly  cemented  together  by  it,  allowing  a  few  months  for  proper  hardening. 

W^liitewaata  for  Inside  work,  according  to  Mr.  Downing,  "is  made  more 
Bxed  and  permanent,  by  adding  3  quarts  of  thin  sirs  to  a  pailful  of  the  wash,  Just  before  using. 
The  best  sise  for  this  purpose  is  made  of  shreds  of  glove  leather;  but  any  clean  sise  of  good  quality 
will  answer."  as  thin  glue-water.  We  will  add,  that  the  common  practice  of  mixing  salt  with  white- 
wash, should  not  be  permitted.  Paper  pasted  on  a  wall  which  has  prerioasly  been  covered  with  salt 
whitewash,  is  very  apt  to  become  wet,  and  loose,  and  to  fall  off  during  damp  weather.  The  white- 
wash ahoald  be  scraped  off.  and  the  wall  or  partition  covered  with  a  coat  or  two  cf  thin  site,  to  pro- 
tect the  paper  flrom  the  ediBOt  of  the  salt  that  may  still  adhere  to  the  plaster. 


It.  Slnck  ^  a  bushel  of  lime  as 
I  of  hydraulic  cement.  Add  S  lbs  of  sol- 
oDld  be  of  the  thickness  of  paint;  and 
)ved  by  stirring  in  a  peck  of  white  sand, 
preceding. 

k  on  wood,  brick,  stone,  te ;  and  says  it 
>ne  measure  of  ground  fresh  quicklime; 
;  and  twice  as  much  fresh  wood  ashes ; 
1  together  dry.  Mix  with  as  much  raw 
V  with  a  painter's  brush.  It  may  be  eol- 
ith oil  before  adding  them.     It  is  best  te 

ite  lead ;  10  quarts  raw  linseed  oil :  ^  lb 
ber.    Add  very  little,  say  ^  pint  of  tur- 


GLASS,  AND  OLAZINO. 


Window  glass  is  sold  by  the  box.  Whatever  may  be  the  sise  of  the  panes,  a  box 
contains  as  nearly  50  sq  ft  of  glass  as  the  dimensions  of  the  panes  will  admit  of. 

Panes  of  any  sise  may  be  made  to  order  by  the  manufacturers.  The  sizes  given  in  the  following 
table,  as  well  as  many  others,  are  generally  to  be  had  ready  made.  Ordinary  window  glass  of  all  the 
sizes  in  the  table,  is  about  one-slxteentb  of  an  inch  thick  ;  and  this  is  the  thickness  supposed  to  be 
intended  when  a  greater  one  is  not  specified.  DoubU'thick  glass  Is  nearly  ^  inch ;  and  its  price  is 
50  per  et  more  than  the  single  thick.    It  is  of  coorse  much  stronger  than  the  single. 

The  panes  are  confined  to  the  sash  by  glaziers'  putty,  made  of  whiting  (powdered  chalk)  and  raw 
linseed  oil ;  and  by  small  triangular  pieces  of  thin  tin,  about  H  ioch  on  a  side,  which  uphold  the 
glasa  while  the  potty  is'being  put  on ;  and  are  allowed  to  remain  afterward,  as  a  protection  while  th^ 
patty  continues  soft. 
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GLASS. 


The  best  «ualitie«  of  American  glass  made  in  the  yieiniiy  of  Philadelphia, 
Boston;  Pittsburg,  dbc,  are  for  most  purely  useful  purposes,  as  good  as  those  from 
foreign  countries;  but  when  the  highest  d^pree  of  beauty  is  required,  as  in  the 
lower  front  windows  ol  first-class 'dwellings,  fancy  stores,  Ac  polished  plate- 
glass  of  England,  France,  or  Germany,  must  be  uised :  although  the  price  for 
moderate  sized  panes  is  from  5  to  8  times  as  great  as  that  of  the  best  quality 
single-thick  American,  as  given  in  the  following  table.*  Its  peiilBCtly  smooth 
surface,  free  from  distorted  reflections,  also  makes  it  the  best  for  covering  pic- 
tures; still,  if  carefully  selected  American  panes  be  used  for  this  purpose,  few 
except  critics  in  glass  will  detect  the  difference. 

A  tlilck  arlass  is  made  expressly  Ibr  floortnflr*  ^P  to  1  inch  thick, 
and  up  to  50  incfaes  by  9  feet  dimensions.  Also,  for  skylights,  from  ^  to  ^  inch 
thick.  This  can  be  furnished  to  order  of  any  size  up  to  40  inches  by  8  or  10  feet. 
The  smaller  sizes  can  also  be  had  ground.  Grinding  prevents  the  entranoe  of 
the  full  glare  of  the  sun ;  and,  moreover,  diAises  the  light  over  a  mueh  greater 
width  of  space  below. 

Strenflrtli  of  fflass.  Tensile  2500  to  9000  9>s  per  square  inch.  Boston  rods 
by  author,  3500  to  5200.  Crushing  strength,  6000  to  10000  !bs  per  square  inch. 
Transversely,  (by  the  writer's  trials,)  flooring  glass,  1  inch  square,  and  1  foot 
between  the  end  supports,  breaks  under  a  oentf r  load  of  about  170  lbs ;  con- 
sequently, it  is  oonsideraUy  stronger  than  granite,  except  as  r^ards  crushing ; 
in  which  the  two  are  about  equal. 

Remark.  Window  and  other  glass  which  contains  an  excess  of  potash  or  of 
soda  is  very  liable  to  become  dull  in  time,  owing  to  the  decomposition  of  those 
ingredients  by  atmospheric  infioenoes. 

*Prlee  list  of  American  slngrle-llilelc  slass,  adopted  by  Ameri- 
can Window  Glass  Manufacturers'  National  Association,  Jan.  18, 1888.  Double- 
thick  about  50  per  cent.  more.  For  ground  glass  add  about  S2.50  per  box.  Dis- 
eonnt,  1888,  about  75  per  cent.  Benj.  H.  Shoemaker,  denier  in  French  and 
American  window  glass,  205  N.  4th  8t,  Philadelphia ;  also  Malaga  Glass  and 
Manufacturing  Co.,  oflKce  400  Chestnut  St,  Philaaelphia. 


Siz»  !■  laclw*. 

]*t  Qmlity. 

M  QumUty. 

8d  QMlity. 

iOt  QwUUy. 

Trcm 

u 

Per  box. 

Perljox. 

Perboi. 

Per  box. 

«X    8 

10X15 

fiaso 

19.00 

18.60 

$8.00 

11X14 

16X24 

11.60 

10.76 

10.26 

9.75 

18X22 

20X» 

15.60 

14.00 

13.60 

12.80 

15X36 

24X30 

16.60 

16.00 
ft.26 

1S.60 

26X28 

24X86 

17.76 

14.75 

26X36 

26X44 

19.00 

17.60 

16.26 

26X46 

80X50 

21.00 

19.60 

17.00 

80X52 

30X54 

22.00 

20.25' 

18.00 

80X56 

34X56 

23  00 

21.25 

19.00 

34X58 

34X00 
40X60 

24.00 

22.75 

21.00 

86X60 

26.60 

24.50 

2aoo 

In  small  quantities,  the  following  are  also  approximate  prices  for  American 
glass:  I^arge  plates  of  14  inch  thick,  rough^  40  cents  per  square  foot.  One  inch 
thick,  75  cents  to  $1 ;  if  either  is  ground,  10  to  15  cents  additional  per  square 
foot^  Ribbed  glass,  Vg  inch  thick,  20  cents;  \i  inch,  26  cents  per  square  foot 
StuiTted  glasA,  single  thickness,  (^  inch,)  or  figured  white  enameSed  glass,  (single 
thickness,)  20  to  25  cents  per  square  foot  Superior  thicker  stroiu;  figored  glass, 
first  ground,  and  the  transparent  fieures  then  formed  by  polishing  away  po^ 
tions  of  the  ground  surface,  $1.00  per  square  foot 

Muftod  glass  is  an  inferior  article  of  fanciful  colored  patterns,  attaehed  by 
some  imperfect  process  which  allows  them  to  peel  off  after  a  year  or  two  of  ex- 
posure to  the  weather. 

The  charge  by  glaziers  for  putting  the  glass  into  new  windows,  inelodinK 
putty,  tins,  and  two  coats  of  paint  to  the  sash,  (one  of  which  is  a  priinlng  coat,) 
is  equal  to  the  cost  of  the  glass  ai  ih6  above  price*. 

For  reglazing  old  sash  and  removing  the  broken  panes,  the  charge  ia  aboat 
twice  as  great. 
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PAPEB.* 


24  sheetfl  1  qnire.       20  qtiires  1  ream. 
Sises  of  drawingr  papers. 


Int.    Ins. 

Antiquarian 31  X  52 

Donble  Elephant 26  X  40 

Atltts 26  X  34 

Imperial 21  X  30 


lof.    Tn«. 

Super  Royal 19  X  27 

Royal 19  X  24 

Medium 17  X  22 

Demy 16  X  '^ 

Cap 13  X  n 


The  English  drawing-papers  are  stronger  and  superior  to  the  American.  Tliose 
by  Wliatmau  bare  a  high  i-eputation ;  they  are,  however,  of  diflTerent  qnalities.  When 
paper  is  pasted  on  muslin,  the  difference  in  quality  is  not  so  important.  Of  paper 
in  rolls,  the  German  makes  are  the  best.  There  is  but  little  of  other  makes  imported. 

Both  white  and  tinted  papers,  for  the  use  of  engineers,  are  made  in 
coDtiimous  rolls,  without  seams.  Widtns 36,  42,  54,  58,  and  62  ins;  usual  lengths  40 
yds ;  but  can  be  had  to  order  to  400  yds  or  more.  These  may  also  be  purchased  ready 
pasted  on  muslin,  in  rolls  10  to  40  yds  long.  This  last,  on  account  of  its  strength, 
should  be  used  for  all  drawings  which  undergo  frequent  rolling  and  unrolling ;  or 
other  bard  usage;  particularly  working-drawings.  For  the  last  purpose,  strong 
cartridge  or  pattern  paper  ansii'ers  very  well.  It  is  for  sale  in  long  rolls,  of  same 
lengths  as  white  paper,  mounted  or  not ;  widths  up  to  54  ins.  Color,  a  light  buff. 
,  Traeinir  paper.  Blost  of  that  sold,  whether  domestic  or  foreign,  teara  so 
readily  as  to  be  of  comparatively  little  service,  except  for  tracings  to  be  enclosed  in 
letters  for  mailing.  Some  of  what  is  called  French  vegetable  tiacing-paper,  is,  how- 
ever, quite  stout  and  strong, and  good  for  line  drawings;  but  it  shrivels  badly  under 
broad  washes  of  color,  even  when  stretched,  forming  little  puddles,  which  make  it 
difficult  to  produce  a  r«niform  tint.  Sizes  19  X  25,  21  X  26,  28  X  40  ins;  also  in 
rolls  of  1 1  and  22  yds.  Parchment  paper,  37  and  88  ins  wide,  rolls  of  20  and  33  yds, 
is  better,  but  does  not  take  ink  perfectly. 

Traelngr  cloth,  usually  called  tracing  mtuiUn,  and  sometimes  vellttm  cloth^  Is 
Altogether  preferable  to  tracing  paper,  on  acoonnt  of  its  great  strength.  Widths  18, 
30,  36,  and  42  ins ;  lengths  to  24  yds. 

Common  inks  dry  pale  on  either  tracing  muslin  or  tracing  paper;  therefore  use 
India  ink.  Neither  the  muslin  nor  the  paper  takes  colors  as  kindly  as  drawing 
paper. 

Profile  paper  is  made  in  widths  of  9  ins  and  20  ins,  and  in  single  sheets  or 
in  long,  continuous  rolls. 

Rnled  sqnares,  or  eross-seetlon  paper.  Paper  careAilIy  ruled  in 
small  sqnares,  so  that  the  divisions  answer  for  a  scale  for  the  drawing,  is  exceedingly 
useful  fur  sketching  oat  plans,  &c.    It  is  sometimes  rnled  on  both  sides  of  the  sheet. 

Colors.  A  good  draughtsman  needs  but  few  colors;  say  India  ink,  Prussian 
bine,  lake,  or  carmine,  light  red,  burnt  umber,  burnt  sienna,  raw  sienna,  gamboge, 
Roman  ochre,  sap  green.  Winsor  &  Newton's  colors  are  among  the  best  in  use. 
Purchase  none  but  the  very  best  India  ink.  Cakes  of  colors  should  always  be  wiped 
dry  on  paper,  after  being  rubbed  in  water ;  and  but  little  water  should  be  used  while 
rubbing;  more  being  added  afterward. 

I«ead  pencils.  Genuine  A.  W.  Faber*8  Nos.  2,  8,  and  4,  are  very  good.  The 
hardness  increases  with  tlie.number.  Nos.  3  and  4  are  good  for  field-book  use :  which 
to  prefer,  will  depend  on  the  character  of  the  paper;  No.  3  for  smooth,  and  No.  4  fbr 
tlie  coarser  or  more  granular  papers.  His  lettered  pencils  are  of  a  higher  grade  and 
better  suited  for  draughting.  "  H  "  stands  for  "  hard,"  "  B  '*  for  "soft."  The  degree 
of  hardness  or  <^  softnees  is  indicated  by  the  number  of  H's  or  of  B's.  "  F ''  (inter- 
mediate) corresponds  with  No.  3.  Dixon's  American  pencils  are  good.  The  office 
draughtsman  should  have  a  flat  file,  or  a  piece  of  fine  emery  paper  glued  to  a  strip 
of  wood,  upon  which  to  rub  his  lead  to  a  fine  point  readily,  after  using  the  Knife. 

*  Jsmet  W.  Qaeen  &  Co,  Mo  924  Obestnul  St,  Philadelphia. 
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STRENGTH  OF  MATERIAIS. 


GENBRAIi   PRUVCIPLBS. 

Art.  %  (a)  Straw  or  Strmln.*  As  explained  in  Art.  27  a,  p.  818  A,  stresB  or 
•train  takes  place  when  force  acts  upon  a  body  in  sach  a  waj  that  its  particles 
tend  to  more  (at  the  same  time)  with  different  velocities  or  in  different  direc- 
tions ;  to  do  which  they  must  either  separate  from  each  other  or  come  closer 
together.  This  occurs,  for  instance,  when  a  body  is  so  placed  as  to  oppose  the 
relatire  motion  of  two  other  bodies ;  as  when  a  block  is  placed  between  a  weight 
and  a  horizontal  table.  In  this  case,  each  of  the  two  bodies  (the  weight  and  the 
table)  imparts  a  force  (Art.  5  c,  p.  308  and  Art.  25a,  p.  3'8  >,  to  the  opposing  body 
(the  block) :  and  the  stress  is  the  opposition  of  these  equal  forces.  Tbe  tendency 
of  the  particles  of  the  block  to  separate  or  to  come  closer  together  calls  into 
action  the  Inhereat  forces  of  its  material,  as  explained  in  Art.  27  (a),  p.  318  h, 
and  these  act  between  the  pardcles  and  tend  to  keep  them  in  their  ori^nal  rela- 
tive positions. 

(b)  If  ti/ro  opposite  forces  are  atmnltiuieoitvly  tmp»rt«d  to  a 
borljr  In  tbe  same  etratn^ht  Itne«  the   stress  is  either  oompreMilvo 

(when  the  forces  act  toward  each  other)  or  tensile  (when  they  act  fr^m  each 
oth^r.) 

Chmpreasive  stress  tends  to  push  the  particles  closer  together.  Tensile  stress 
tends  to  puU  them  farther  apart,  i 

(c)  It  t-vro  Imparted  forces,  as  <;  a,  6  a,  Fig.  9}^  p.  820,  meet  at  an 
anyle,  as  at  a ;  then  two  equal  and  opposite  components,  e  i  and  b  o.  will  cause 
compressive  or  tensile  stress  in  the  body,  while  the  other  two,  t  a  ana  o  a,  unite 
to  form  the  resultant,  n  a,  which  moves  the  bo^y  in  its  own  direction,  asd,  in 
doing  80,  produt'es  another  stress  among  the  particles  of  the  body,  a^  explained 
in  Art.  27  a,  p.  3 18  j. 

(d)  If  tbe  tvro  f  trees  are  parallel,  forming  a  "  couple  **  (Art  56  <7,  p. 
34/  a),  as  in  a  punch  and  die,  the  stress  is  a  vhear  (tending  to  slide  some  of  the 
particles  over  the  others),  and  is  acsorapanied  also  by  a  transverse  stress 
(causing  a  tensile  stress  in  some  of  the  particles  and  a  compressive  stress  in 
others)  as  in  the  case  of  a  beam.  The  transverse  stress  is  proportional  to  the 
distance  between  the  two  f'>roe8  (».  0.,  to  the  arm  er  levecsgs  ok  tbe  couple*,  so 
that,  when  they  are  verr  close  together,  as  in  a  pair  of  shears,  the  transverse 
stress  is  very  small  and  b  neglected,  and  the  shearing  stress  alone  is  considered. 

(e)  If  tw^o  contrary  coaples.  In  dlflTisrent  planes,  act  upon  a  body, 
the  stre-v  is  called  torsion  or  twisting.  Thus,  torsion  takes  place  in  a  brake 
axle  when  we  try  to  turn  it  while  its  lower  end  is  held  fost  by  the  brake  chain. 

(f)  But  the  ultimate  tendency  of  anr  of  these  forms  of  stress  is  either  to 
separate  certain  particles  or  to  drive  them  closer  together,  as  in  cases  (tensite 
or  compressive  stress)  where  the  two  forces  are  in  one  line.f  We  shsll. 
therefore,  in  these  introductory  articles,  consider  only  this  simple  and 
fundamental  form  of  stress,  assuming  that  it  is  caused  by  the  action  of  two 
op[>o8ite  imparted  f  )rces,  acting  in  the  same  straight  line  so  that  they  ve 
entirely  employed  in  causing  the  stress. 

(gf)  A  stress  may  be  stated  in  any  unit  of  weight,  as  in  pounds,  and  li 
equal  to  one  of  the  two  opposite  forces.    See  Art.  27  (/)  p.  318/ 

• 

*  For  another  use  of  the  word  "  strain,"  see  Art.  2  (d),  p.  434  a. 

t  Indeed,  even  in  cases  of  compressive  stress,  it  is  only  by  tbe  separation  of  tbe 

particles  that  the  structure  of  the  body  and  its  inherent  forces  can  be  destroyed. 
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Art.  9  (a)  Stretebi  and  RapAare.  It  appeara  from  experiment  that  the 
inherent  cohesive  forces  called  into  action  bj  the  first  application  of  any  stress 
mre  always  less  than  that  stress^  however  small  it  maj  be.  In  other  words ;  any 
stress,  however  slight,  is  believed  to  produce  some  derangement  of  the  particles. 
But  the  inherent  forces  inerease  with  this  derangement  (up  to  a  certain  point) ; 
and  thus,  in  manv  cases,  they  become  equal  to  the  stress  and  so  prevent  rurther 
derangement.  When  the  stress  exceeds  the  greatest  inherent  force  which  the 
body  can  exert,  the  particles  separate  to  such  au  extent  that  the  inherent  forces 
cease  to  act.    The  body  is  then  said  to  be  broken,  or  ruptured. 

(b)  Different  materials  1>eliave  yrery  dlfferentl|r  when  under  stress. 
Brittle  ones  seem  to  resist  almost  perfectly  up  to  a  certain  pc^nt,  allowing  no 
perceptible  deran^oient  of  the  particles;  and  then  yield  suddenly  and  entirely. 
In  ductile  materials,  on  the  contrary,  considerable  derangement  takes  place 
before  the  inherent  resisting  forces  finally  yield. 

(e'^  The  ultimate  streM  of  a  body  is  that  which  is  just  sufficient  to  break 
it  or  crush  it,  or,  in  short,  to  destroy  its  structure  so  that  it  can  no  longer  resist. 
In  other  words,  a  stress  just  less  than  the  ultimate  is  the  greatest  stress  to  which 
the  body  can  be  snbjected. 

Caution.  In  brittle  materials,  such  at*  brick,  stone,  cemeut,  glass,  cast-iron, 
etc.,  especially  when  subjected  to  tension^  the  point  of  rupture  is  clearly  marked, 
and  hence  the  ultimate  strength  mav  in  such  cases  be  st-ated  with  precision. 
But  with  ductile  or  mallealile  materials,  8uch  as  copper,  lead  and  wrought  iron, 
especially  when  under  compression^  it  is  often  difficult  or  impossible  to  state  the 
ultimate  strength  definitely.  For  instance,  a  cube  of  lead  may  be  gradually 
crushed  into  a  thin  flat  sheet  without  rupture.  In  other  words,  there  is 
practically  no  load  which  can  break  it  by  crushing.  In  such  cases,  we  may 
arbitrarily  assume  some  given  amount  of  distortion  as  marking  the  point  of 
ultimate  stress.  Thus,  by  the  ** ultimate"  load  of  a  rolled  iron  beam  (p.  521) 
we  mean  *'that  one  which  so  cripples  the  beam  that  It  continues  to  yield 
indefinitely  without  increase  of  load."  tkich  assuwptione,  iKMiinever,  necessarily 
give  rise  to  some  ambiguity,  and  care  sViould  therefore  always  be  taken  to  define 
or  to  ascertain  clearly  in  what  sense  the  term  "  ultimate  stress  "  is  employed. 

The  ultimate  strenf^tli  of  a  material  (or,  more  brieflv,  its  strength)  is 
tire  greatest  inherent  force  which  its  particles  can  exert  in  opposition  to  a 
stress.  In  other  words,  it  is  that  inherent  resistance  which  is  just  equal  to  the 
ultimate  stress.  Hence  strength,  like  stress,  is  stated  in  units  of  weight,  and 
we  may  use  the  terms  ** ultimate  strength  "  and  "ultimate  stress"  inditte^ntly, 
as  denoting  practically  the  same  thing. 

(d)  For  want  of  a  convenient  and  appropriate  name  for  the  cbnni^  of 
•Itape  caused  by  stress;  modern  writert  have,  rather  unfortunately,  given  to  It 
the  name  of  strain,*  which,  in  ordinary  language,  (as  in  our  articles  on  Force 
in  Rigid  Bodies,  pp.  306,  etc.)  is  used  to  signify  ttreaa^  as  above  denned.  We  prefer 
to  use  the  word  "s< retch"  for  change  of  F^hape,  in  inches,  etc.  (regarding 
compreasion  as  negative  "Stretch"),  and  "strain"  or  "stress"  for  the  action 
of  the  two  opposing  forces,  in  pounds,  etc. 

(e)  By  the  <f  length*'  of  a  body,  we  mean  its  dimenston  measured  in  the 
line  of  the  stress ;  and,  by  '<  area,"  the  area  of  the  resisting  cross  section  at 
right  angles  to  that  line.  Thus,  if  a  slab  of  iron,  2  inches  thick  and  10  inches 
square,  be  laid  flat  upon  a  smooth  and  horizontal  surface,  and  if  a  load  be  pla'-ed 
ajion  it  so  as  to  be  uniformly  distributed  over  its  upper  fiat  surface,  the  "length  " 
is  2  inches,  and  the  "  area,"  10  x  10  «  100  square  inches. f 

{t)  Units  ado|»ted.  Unless  otherwise  stated,  we  shall  understiUid  the 
5ttress  in  any  ease  to  be  given  in  pounds,  the  stretch  and  the  length  in  inches, 
and  the  area  in  squ&re  inches. 

♦The  word  "strain"  is  not  thus  defined,  even  as  a  scientific  term,  in  either 
Webster's  or  Worcester's  dictionary. 

t  Under  stres^^es  approaching  the  ultimate  stress,  the  area  of  the  cross  section 
generally  increases  under  compression,  and  diminishes  under  tension,  to  difibr* 
ent  extents  ini  different  matenalo ;  but  we  are  here  concerned  only  with  cases 
within  the  limit  of  elasticity,  (Art.  4  a.  p.  434(1)  and  in  such  cases  the  change  of 
area  is  generally  very  slight  and  may  be  neglected. 
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Art.  3  (a).    If  the  total  strMs  (in  Iba.,  ele.)  upon  a  bodj  be  divided  hj  the 

are*  of  the  resisting  surface  (in  square  inches,  etc.)  the  quotient,  ?^£^     la  the 

area 
mean  atreae  per  uuit  •£  are«y  or  (as  it  is  sometimes  called)  the  intentity  of 
the  stress.    Or, 

Stresa  per  unit  of  area  =   total  stress 

area 
Thus,  if  a  bar  of  iron,  2  ioches  wide  by  1  inch  thick,  (having  therefore  2  square 
iuchex  of  area  of  crois  section)  and  10  fe^t  long,  be  subjected  to  a  total  tensile 
stress  of  20,000  Ibe.  in  the  direction  of  its  (10  ft.)  length,  we  have 

mean  stress     )        total  stress         20,000  lbs.         m  Ann  ik-«^. -«.,-«*  «««k 
per  unit  of  are.} iJS 2.^uar«ln.  "  *"'**  ""  !*'»«">"•  """^ 

Gaitllon.  Stridlr  speaking,  the  stress  on  a  surface  is  seldom  distributed 
uniformlj  over  it  Thus,  in  the  case  of  the  bar  just  referred  to,  if  the  stress  is 
applied  by  means  of  irrips,  clamping  the  sides  and  edges-  of  the  bar,  the  stren 
per  square  inch  near  those  sides  and  edges  is  probably  greater  than  that  nesr 
the  center  of  the  bar,  bee  luse  the  stress  is  not  perfectly  and  uuiformly  trans^ 
mitted  firom  the  outer  to  the  inner  fibres.  And,  in  cases  of  compression,  the 
load,  instead  of  being  uniformly  distributed  over  the  sur&ce,  as  it  appears  to  be, 
is  often  in  fact  supported  by  a  few  projecting  portions  of  it.  In  practice,  these 
considerations  are  often  of  the  greatest  Importance,  but  in  studying  the 
principles  of  resistance,  we  may,  for  convenience,  temporarily  neglect  them,  and 
ai«ume  the  stresses  to  be  uniformly  distributed  over  their  respective  areas. 

(b)  If  the  tot#l  stretch  of  a  body  (in  inches,  etc.),  under  any  given  stress,  be 
divided  by  the  original  length  of  the  body  (in  the  same  measure),  the  quotient 
is  the  atreiok  per  luiit  of  IchkUu    Or, 

fltrMclt  per  wilt  mt  ImngUt total  stretch 

original  length 

Thus :  if  the  foregoing  bar.  10  feet  (or  120  inches)  long,  is  fpund  to  stretch 
.04  inch,  under  its  load  of  20,000  lbs.  total,  or  10,000  lbs.  per  square  inch,  we  have 

stretch  ner  unit  of  length  _     total  stretch    _  ^^04 ^^q^  j     j  j^^ 

under  said  load  original  length       120       ^^^  ^ 

(e)  Tha  Modulna  «>t  VHnrntieiiy.  In  materials  which  undergo  a  per- 
oeptible  stretch  before  rupture,  it  has  oeen  found  by  experiment  that  up  to  t 
certain  degree  of  stress,  called  the  limit  of  elasticity  (Art  4  a,  p.  434  d),  the  rati«» 

total  stress  ^  ^^  ^^^^  given  body,  remains  very  nearly  constant.    In  other 
total  stretch 

words,  within  the  limit  mentioned,  equal  additions  of  stress  cause  practically 
equal  additional  stretches. 

In  order  to  compare  bodies  of  different  dimensions,  we  state  the  same  fact  by 

Maying  that,  within  the  elastic  limit  the  quotient,     stress  per  ttnrt  o/ area 

atretch  per  umt  of  lemgtk 
remains  practically  constant 

This  quotient,  as  found  by  experiment  with  any  given  material,  is  called  the 
Mcklalua  of  Blaatlolty  of  that  material,  and  is  usnally  denoted  by  the 
capital  letter  S3*  It  is  of  course  expressed  in  the  same  unit  as  the  stress  p«r 
unit  of  area,  as,  for  instance,  in  pounds  per  square  Inch;  buf  it  is  usually  staled 
simply  in  poundB^  the  words  **  per  square  inch  *'  being  understood. 

(d)  It  will  be  noticed  that  the  greater  the  stress  required  to  produce  a  dvea 
stretch  in  a  body,  the  greater  is  its  modulus  of  elasticity.  Hence,  the  moduliu 
B  is  a  measure  of  the  resistance  which  the  body  can  make  aeainst  a  cbanee  in 
shape  This  resistance  we  call  the  *<  elaatlcltjr "  of  the  body,  although  Ul 
every-day  language  (and,  indeed,  oOen  in  a  scientific  sense  also)  we  appfV  the 
term  " elasticity"  rather  to  the  ability  of  a  body  to  sustain  considerable  distor- 
tion without  losing  its  power  of  returning  to  its  original  shape. 
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aiea 


and  sine* 


rtMteh  per  aoH  of  length  -  -^**^f^\  . 
original  length 


we  may  find  the  modulus  of  elaitieity  of  any  material,  tnm  ezperinaMt  opon 
any  specimen  of  it,  thus : 

Modulo,  ot  1»rtl«Uy  -    total  »t«e««XoriginaHength  ^  ^^^ 

total  stretch  X  area 

From  this  we  have  the  following  equations: 

Total  atreas,  in  lbs.         modulus  of         total  stretch  ^         area 

required  for  a  given  —  elasticity  in  lbs  X  in  inches  '^  in  square  ina  .  .  .(2) 

total  stretch,  in  inches      per  square  inch      l^inai  length  in  inches 


(t) 


Stress  per  unit  of  are««  modnlus  of  «tM»j»h  Mr 

in  lbs.  per  square  ineh,  leqnired  -  elasticity  in  Iba.  X  «!ritof  VaSath 

for  a  given  stretch,  in  inches  per  square  inch        "**"  **^  *®°«'* 

Totsil  streteh,  in        total  stress  y.      original  length,  in  inches 

inches,  under  any  stress"     in  lbs.     ^  modulus  of  elasticity,  y.  are*,  in  ...  W 

in  lbs.  per  square  inch  '^  sq.  ins 

original  length  ^         gtreas,  in  lbs,  per  square  inch  «» 

—      In  inches       ^  modulus  of  elasticity  in  lbs.  per  sq.  inch  '  '  '  '^' 

■t*st«^p.r  wiitirfl«»KtM-  -?'?^*°.'^'^"?w*"^-i W 

modulus  ofelasticity,  in  lbs  per  sq.  in. 

The  modulus  of  ela^icity  is  nsed  chieflv  in  connection  with  the  stiffhess  of 
beams  (see  pp.  505  ft,  et4<!.),  and  is  most  readily  found  by  means  of  their  defleotioaa. 
Thus,  in  any  beam,  supported  at  both  ends  and  loaded  at  the  center: 

WajIhIb.  a«  t  *<>»d     .    %  weight  of  clear  \  ^  cube  of  spaa 

^UH^^X  -  Un lbs.  +  sgnof'KLm.inlbs.;  X     in  inches  ^j^ 

lbs.  per  so.  ineh  aa  >•  deflection,  v^  moment  of  inertia 

*^     ^  **  ><  in  inches    ^    (p.  486;  in  inches 

"*''  BS    -  (W  +  %w)lt  ...    (8) 

48  A  I 
If  the  beam  is  reetangularf  this  becomes 
Hodulna  oT         (  *♦**    4-  ^  weight  of  clear  \  y  cube  of  span 
eTi^rJl^,^    ^  U  lbs.  +  span  ofbeam.  in  lbs/  X    in  inches        .  .  .  (^ 
lbs  per  square  inch         4  y-  deflection,  w  breadth,  v.  cube  of  depth 
-^  in  inches  ^   inches    ^     in  inches 

B  ^^^±MylIl  ..  .(10) 

Corresponding  formulse  fbr  modulus  of  elasticity  in  beams  otherwise  sup- 
ported and  loaded,  may  be  readily  deduced  from  those  for  deflection  on  p.  005  a. 

(f )  If  equal  additions  of  stress  could  produce  equal  additional  stretphe<«  in  a 
body  to  an  indefinite  extent,  both  within  and  beyon>l  the  elastic  limit,  then  a 
stresi  equal  to  the  Modulus  of  Elasticity  would  double  tfaa  length  of  a  bar  when 
applied  to  it  in  tension^  or  would  shorUn  it  to  zero  when  applied  in  eompresiion, 
lu  other  words,  if  equation  (5), 

total  stretch,  «  '''^J'fi,}^^  X  «itress  per  square  inch 
in  inches       ^   modulus  of  elasticitj    * 

held  good  beyond  the  elastic  limit,  as  it  does  f approximately)  within  that  limit. 
and  if  we  could  make  the  stress  per  square  inch  equal,  to  the  modulus  of 
eUsticity,  we  should  have  total  stretch  =  original  lengtn. 
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For  example,  r  one-inch  square  bar  of  wrought  iron  will,  within  the  limit  ol 
elasticitj,  stretch  or  shorten,  on  an  arerage,  about  tt^W  o^  i^  length  under 
each  additional  load  of.  2240  lbs.  If  it  could  continue  to  stretch  or  shorten 
indefinitely  at  this  rate,  it  is  evident  that  1200(i  times  2240  Ibs^  or  26  880  000  Ibs^ 
(which  is  about  the  average  modulus  of  elasticity  for  such  bars)  could  either 
stretch  the  bar  to  double  its  length  or  reduce  it  to  zero. 

If  equal  additional  stresses  applied  to  a  bar  could  indefinitely  produce 
stretches,  each  bearing  a  constant  proportion^  to  the  increcused  length  of  the  bar^  if 
in  tension;  or  to  the  dimintsAed  length,  if  in  compression;  then  the  same  load 
which  would  double  the  length  of  the  bar  if  applied  in  tension,  would  reduce 
it  to  half  its  length,  if  applied  in  compression. 

(K)  We  give  below  a  table  o/  awentge  Moduli  ot  Klasttcltjr,  in  roond 
numbei-8.  lor  a  few  materials;  remaricing,  bv  waj  of  caution,  that,  even  in  the 
case  of  ductile  materials,  the  stretches  produced  by  stresses  within  the  elastic 
limit  are  so  small,  and  (owing  to  dififerences  in  the  character  of  the  material)  lo 
irregular,  that  a  satisfactory  average  can  be  arrived  at  only  by  comparing  maay 


experiments  upon  a  single  brand  of  neat  cement  for  the  St.  Louis  bridge,  indi- 
cated a  Modulus  varying  from  800  000  to  6  990  000  (!)  pounds  per  square  inch 
in  tension,  and  from  500  000  to  1  500  000  in  compression, 

(It)  Owing  to  the  fact  that  the  sfretcbes  within  the  elastic  limit  are  seldom, 
if  ever,  exactly  proportional  to  the  stresses,  but  only  approximately  so,  the 
modulus  of  elasticity,  as  found  by  experiment  for  a  given  material,  iriU 
generally  vary  somewhat  with  the  stress  at  which  the  stretch  is  taken. 

Art.  4  (a)  The  stress  beyond  which  the  stretches  in  any  body  increase  per- 
ceptibly faster  than  the  stresses,  is  called  the  limit  of  elaaticit|r  of  that 
body.  Owins  to  the  irregularity  in  the  behavior  of  different  specimens  of  the 
same  material,  and  to  the  extreme  pmallness  of  the  distortions  caused  in  moit 
materials  by  moderate  loads,  and  because  we  often  caunot  decide  just  when  the 
stretch  begins  to  increase  faster  than  the  load,  the  elastic  limit  is  seldom,  if 
ever,  determinable  with  exactness  and  certainty.*  But  by  means  of  a  laige 
number  of  experiments  upon  a  given  material  we  may  obtain  usefUl  average 
or  minimum  values  for  it,  and  should  in  all  cases  of  practice  keep  the  stressei 
well  within  such  values;  since,  if  the  elastic  limit  be  exceeded  (through  mis- 
calculation, or  through  subsequent  increase  in  the  stress  or  decrease  in  the 
strength  of  the  material)  the  structure  rapidly  fails.  The  table,  below,  givei 
approximate  average  elastic  limits  for  a  few  materit^ 

(b)  Brittle  materials,  such  as  stones,  cements,  bricks,  etc.,  can  scarcely  be  said 
to  have  an  elastic  liuiit ;  or,  if  they  have,  it  is  almost  impossible  to  determiof 
it ;  since  rupture,  in  such  bodies,  takes  place  before  any  stretch  can  be  satis 
fhctorilv  measured.  Thus,  in  tiie  18  specimens  of  one  brand  of  cement, 
referred  to  in  Art.  Zg  above,  the  experiments  indicated  an  elastic  limit  varyini 
between  16  and  104  (!)  pounds  per  square  inch  in  tension,  and  from  424  to  1502 
in  compression. 

(c)  Experiments  show  that  a  small  peraian«iat  <'flct"  (stretch)  probably 
takes  place  in  all  cases  of  stress  even  under  very  moderate  loads;  but  ordinarilv 
it  first  becomes  noticeable  at  about  the  time  when  the  elastic  limit  is  exceeded 
Many  writers  define  the  elastic  limit  as  that  stress  at  which  the  first  marked 
permanent  set  appears. 

(d)  The  elastic  ratio  of  a  material  is  the  quotient,       f^sXic  limit  ^ 

ultimate  strength 
is  psually  expressed  as  a  decimal  fraction. 

♦  The  U.  S.  Board  appointed  to  test  Iron,  Steel.  Ac.,  found  a  variation  of  nearly 
4000  lbs  p^r  Rqiiare  inch  in  the  elastic  limit  of  bars  of  one  make  of  rolled  iron, 
prepared  with  great  care  and  bavin?  very  uniform  tensile  strenirth ;  and,  in 
another  very  carefully  made  iron,  a  difference  of  over  30  per  cent,  between  two 
bars  of  the  same  size.    Report,  1881,  Vol.  1,  p.  31. 
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(«)  Ta1»l«  of  Moduli  of  BlMtlcltr  and  of  XUastle  Umlto  for 
dlir«reiit  materials. 

The  values  here  given  are  approximate  averages  compiled  from  many  sonrces. 
Authorities  diflfer  considerably  in  their  data  on  this  subject.  See  Art.  8  (g)  and 
(A),  and  Art.  4  (a)  and  (&). 


Modolas 

or  Coeff 

of 

llMtioity. 


Stretob  or  Compression 

iu  ft  length  of  10  ft, 

nnder  a  load  of 

1000  lbs  per     1  too  per 

sq  in.  aq  in. 


Approx  elas 
limit. 


A*h 

Beech 

Birch 

Braaa,  east ^ 

.    "        wire 

Chestnut 

Copper,  east. 

"        wire 

Kim 

Glass 

Inm,  oast 

••      '•    average 

"    wrought,  in  either  f 

bars,  sheets  or  plates V 

"         "         "    average 

••  wire,  hard 

**  wire  ropes 

Larch 

Lead,  sheet 

"      wire. 

llahogaoj 

Oak 

"    average 

Pine,  white  or  jeUow. 

Slate 

Spmoe 

Steel  bars 

G^eaoMire 
Tin.  osVt.'. 


lbs  per  nq  in. 
I  600  000 
1  .^00  000 
1  400  000 
9  200  000 

14  200  000 
1  000  000 

18  000  000 

18  000  000 
1  000  000 
8  000  000 

12  000  000 
to 

23  000  000 

17  600  000 

18  000  000 


29  000  000 
26  000  000 
15  000  000 
1  100  000 
720  000 
1  000  000 
I  400  000 

1  000  000 

to 

2  000  000 
1  500  000 
1  600  000 

14  500  000 
1  600  000 

29  000  000 
to 

42  000  000 

S5  500  000 
1  000  000 
2000  000 
4600  000 


.086 
.013 
.009 
.120 
.007 
.007 
.120 
.015 
.010 
to 
.005 
.007 
.006 


.109 
.167 
.120 
.086 
.120 


.060 
.075 
.006 
.075 
.004 
to 
.003 
.008 
.120 
.000 
.«26 


Ins. 
.168 
.207 
.192 
.029 
.019 
.266 
.015 
.015 
.288 
.034 
.022 

to 
.012 
.016 
.015 

to 
.007 
.009 
.010 
.018 
.2U 


spersqtn. 

4500 

4000 

5000 

6000 
16000 

4500 

6900 
10000 

2000 

3200 

4500 

to 

8000 

6250 


40000 
30000 
27000 
13000 
2300 
1100 
1100 
2700 


.134 
.179 
.168 
.018 


.006 
.007 


SSOO 
3300 

8700 
SSOO 
34000 

to 
44009 
39000 
4000 
6000 
1500 
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Art.  B  (m.\  ResUtenee  ie  a  name  glTan  to  tht  work  (as  in  inch-pounds) 
which  must  be  done  in  order  to  produce  a  certain  stretch  in  a  giveu  body. 
This  work  is  equal  to 

resilience  __  said  stretch  ^  mean  stress  in  pounds  employed  in  producing 
in  iucb-pounds        in  inches    ^  the  stretch. 

The  total  resilience  is  the  work  done  in  causing  rupture.  The  elastic  resilience 
(frequently  called,  simply,  the  resilience)  is  that  done  in  causing  the  greatest 
stretch  possible  within  the  elastic  limiL 

(b)  Snddenly  applied  loads.  Place  a  weight  of  4  lbs.  in  a  spring 
balance,  but  let  it  be  upheld  by  a  string  fastened  to  a  firm  support  in  such  a 
way  that  the  scale  of  the  balance  shaJl  show  only  1  lb.  By  now  cutting  this 
string  with  a  pair  of  scissors,  we  suddenly  apply  4  —  1  =  3  lbs. ;  and  the  weight 
will  descend  rapidly,  until,  for  an  instant,  the  scale  shows  about  1  +  tufiee 
3  =s  7  lbs.  In  otner  words,  the  load  of  3  lbs.  applied  suddenly  (but  without  iar 
or  shock)  has  produced  nearly  twice  %he  stretch  tnat  it  could  produce  if  added 
grain  by  grain,  as  in  the  shape  of  sand. 

For,  when  the  load  is  first  applied,  the  inherent  forces,  as  noticed  in  Art.  2  (a\ 
are  insufficieut  to  counteract  its  stress.  Hence  the  load  begin*)  to  stretch  the 
spring.  The  work  thus  done  is  equal  to  the  product,  feuddenlr  applied  weight 
of  3  lbs.  X  the  stretch  of  the  spring ;  and  it  has  been  expended  (except  a  snoJall 
portion  required  to  counteract  friction)  in  bringing  the  resistioK  forces  into 
action,  thus  storing  in  the  spring  potential  energy  (Art.  22,  p.  818 dl),  nearly 
sufficient  to  do  the  same  work ;  i.  e.,  to  lift  the  weight  (3  lbs.)  to  the  point  (1  lb. 
on  the  scale)  from  which  it  started.  But  a  portion  of  this  energy  has  to  work 
against  friction  and  the  resistance  of  the  air.  Therefore  the  weight  does  not 
nae  quite  to  its  original  height. 

The  shortening  of  the  spring  nearly  to  its  original  length  has  now  reduced 
its  inherent  forces  almost  to  zero ;  and  the  weight  again  falls,  but  not  so  far  af 
bel'ure.  It  thus  vibrates  through  a  less  and  less  distance  each  time,  and  finally 
comes  to  rest  at  a  point  (4  lbs.  on  the  scale)  midway  between  its  highest  and 
lowest  positions  (1  lb.  and  7  lbs.)  Thus,  within  the  limit  of  elasticity,  a  load 
applied  auddenljr  (though  without  shock)  prodveea  tenaporarftly'  « 
•tretcli  nearly^  equal  to  tMricm  tUmt  i/rblcb  It  could  produce  tt 
applied  ^rmAumlly  i  i.  e.,  twice  that  which  it  can  maintain  after  it  comas 
to  rest. 

Rcmarlc.  If  the  load  is  added  in  small  instalments,  each  applied  iuddenly, 
then  each  instalment  produces  a  small  temporary  stretch  and  afterward  main- 
tains a  stretch  half  as  great.  Thus,  under  the  last  small  instalments  the  bar 
stretches  temporarily  to  a  length  greater  than  that  which  the  total  load  can 
maintain,  by  an  amount  equal  to  half  the  small  temporary  stretch  produced  by 
the  sudden  application  of  the  last  small  instalment. 

(e)  Tbc  Modnliu  ot  Silastic  Ii#wlllciioc  (often  called,  simi4y,  the 
Modulus  of  Resilience)  of  a  material,  is  the  work  done  upon  one  cubic  meh  of  it 
by  a  gradually  applied  load  equal  to  the  elastic  limit.    Or, 

nT/^.ii.i.  stretch  in  inches  mean  stress 

«f  ^ViVi««^  =  P'^r  inch  of  length  X  in  lbs.  per  square  inch 
ol  resilience       ^^  ^j^^  ^j^j^  ,j„jj^        causinif  that  stretch 

If,  as  is  usually  done,  we  assume  this  mean  stress  to  be  >^  the  elastic  limiti 
then,  by  formula  (6)  p.  434  c. 

Modulus  elastic  limit  v^  w  ^i-,*i^  Hw»i* 

of  re.ilienc  "  ,S5d„lu.  oFeliitEIt,  ^  ^  ""^  "^* 

«  !•  square  of  elastic  limjt 
modulus  of  elasticity 

The  elastic  rMilience  of  any  piece  is  then 

Besilienco  =  modulus  of  reaiUenoe  x  volume  of  piece  in  cubic  incbei. 
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Vmtigwtm  9t  Materials.  In  tiie  following  articles  ^n  Strength  of  Mate- 
rials,  the  ultimate  or  breaking  kmd  is  that  which  will,  during  its  first  application, 
rupture  the  given  piece  within  a  ihort  time.  But  Wdhler's  and  Spangenberg's 
experiments  ,  show  that  a  piece  raaj  be  ruptured  by  repeatea  appllca- 
ttaiiS  of  a  load  much  less  than  this ;  and  that  tlie  oftener  tne  load  is  applied  the 
less  it  ne«d8  to  be  in  order  to  produce  rupture.  Thus,  wrought  iron  which  re- 
quire a  tension  of  5^3000  lbs  per  sq  inch  to  break  it  in  800  applications,  broke 
with  35000  lbs  per  sq  inch  applied  about  10  million  times ;  the  stress,  after  each 
application,  returning  to  zero  in  both  cases. 

The  diJTbetween  the  maximum  and  minimum  tension  in  a  piece  subjected  to 
tension  ouly,  or  between  the  max  and  min  compression  in  a  piece  subjected  to 
eomp  only ;  or  the  sum  of  the  max  tension  and  max  comp  in  a  piece  subjected 
plternately  to  tension  and  eomp;  is  called  the  rangre  of  stress  in  the  piece. 
When  this  is  less  than  the  elastic  limit,  the  application  may  he  repeated  an 
** enormous"  number  (say  about  40  million)  of  times  without  rupture.** 

For  a  given  number  of  applications,  the  load  required  for  rupture  is  least  when 
the  range  of  stress  is  greatest.  If  the  stress  is  alternately  comp  »nd  tension, 
rupture  takes  place  more  readily  than  if  it  is  always  ci>uip  or  always  tension. 
That  is,  it  takes  place  with  a  less  ran^^e  of  stress  applied  a  given  number  of 
times,  or  with  a  less  number  of  applications  of  a  given  range  of  stress.  For  a 
given  range  of  stress  and  given  number  of  applications,  the  most  unfavorable 
eondition  is  where  the  tension  and  comp  are  equaL 

The  above  facts  are  now  generally  taken  into  eonsideration  in  designing 
members  of  important  structures  subject  to  moving  hrads.  For  instance,  Mr. 
Jos.  M.  Wilson,  C.  E.,  Mem.  Inst.  C.  E.  (London  Eng.),  Mem.  Auu  Soc.  C.  E.,  uses 
the  following  formula  for  determining  the  "permissible  stress"  in  iron  bridges, 
in  lbs  per  sq  inch ;  in  order  to  provide  the  proper  area  of  cross  section  for  each 
member. 

For  pieces  subject  to  otte  kind  qf  stress  only  (all  comp  or  all  tension) 


.  /        min  stress  in  the  piece \ 
\        max  stress  in  tlie  piece/ 


piece 

For  a  piece  subject  alternately  to  comp  and  tension,  find  the  max  comp  and  the 
max  tension  in  the  piece.  Call  the  Usser  of  these  two  maxima  "max  lesser", 
and  the  other  or  greater  one,  "  max  greater  ".    Tiien 


k  =  «t(l- 


max  lesser    \ 
2  max  gT^sHeTj 


For  a  piece  whose  max  comp  and  max  tension  are  equals  this  becomes 

•=«t(i-4)  =  -f 

Th^  above  a  is  the  permissible  tensile  stress  in  lbs  per  sq  incli  on  any  mem- 
ber; but  the  permissible  impressive  stress  is  found  by  "  Gordon's  formula"  for 
pillars,  p  4S9,  using  a  (found  as  above)  as  the  numerator,  instead  of/.  Yora  in 
the  divisor  or  denominator  of  Gordon's  formula  (which  must  not  be  confounded 
with  the  a  of  the  foregoing  formulae)  Mr.  Wilson  uses  for  wrought  iron : 

when  both  ends  are  fixed 36000 

wheu  one  end  is  fixed  and  one  hinged 24000 

when  both  ends  are  hinged 18000 

Experiments  show  that  materials  may  fail  under  a  long^  eontinnecl 
stress  of  much  less  intensity  than  that  produced  by  the  ult  or  bkg  load, 

*  This  does  not  always  hold  in  cases  where  the  elastic  limit  has  been  artificially  raised 
by  process  of  manufactare,etc.  Oft- repeated  alternations  between  tension  and  compres- 
Biou  below  Buch  a  limit  reduce  it  to  the  natural  one.  A  slight  flaw  may  cause  rupture 
under  eomparatiTely  few  applications  of  a  range  of  stress  but  little  greater,  or  even  less, 
than  the  elastic  limit.  Best  between  stresses  increases  the  resisting  power  of  a  piece. 
In  many  cases,  stresses  a  little  beyond  the  elastic  limit,  even  if  oft- repeated.  rMse  that 
limit  and  the  strength,  but  render  the  piece  brittle  and  thus  more  liable  to  rupture  from  - 
shocks ;  and  a  little  fhrther  increase  of  stress  ra^Jidly  lessens,  or  may  entirely  destroy, 
the  elasticity.  A  tensile'streaa  above  the  elastic  limit  greatly  lowers,  or  may  even  destroy, 
the  ecmprestive  elasticity,  and  vice  versa.  If  a  tensile  stress,  by  stretching  a  piece,  reduces 
its  resisUng  area,  it  may  thus  reduce  its  total  strength,  even  though  the  strength  per 
»q  in  has  increased.  Mr.  B.  Baker  fin<to  that  hard  steel  fatigues  much  faster  under  re< 
peated  loads  than  soft  steel  or  iron, 
t  a  =  6500 1b^  per  sq  inch  for  rolled  iron  in  compreAitioD 

=  7000  Iba         ••  "  "    tension  (phitea  or  ahapeR). 

=  7500  Ttti        "  for  double  rolled  iron  in  leuiiou  (links  or  rods).  ^  , 
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Art.  1.     CoinpreMiiTe  slrenirtlMi  of  AaMtrtAMi  wo<kIb,  90hen 

tiowly  and  car^fuUff  uatoned.  Approximate  ayerftges  dednced  from  many  expi^rf* 
ments  made  with  the  U  S  Oort  testing  maehine  at  Watertown,  Maw,  by  Mr.  8.  P. 
Sharpies,  for  the  census  of  1880.  Seaisoned  woods  resist  crashing  much  better 
than  green  ones;  in  many  cases,  twice  as  well.  This  must  be  allowed  forwbao 
building  bridges,  Ac,  of  timber  recently  cut.  Different  specimens  of  the  same  wood 
vary  greatly ;  frequently  as  5  to  8, 9,  or  more.    See  Rem  and  foot-note  p  611. 


Thettreogth*  in  sU  tbesel  ,v.  _._ 

L&hlp>    mft>    roulllw    varv    u     lua  per 


table*  tnaj  readily  vary  as 
maoh  as  one-third  part  more 
•r  less  thaa  oar  average. 


Ash^  red  and  white 

Agpen t 

Beech 

Birch. « 

Buckeye 

Butternut 

Buttonwood  (sycamore).. 
Cedar,  jKod 

"     white  (arbor  yitSB) 
CaUcdpa  (Indian  bean).^ 

Cherry,  wild 

Cheitnut «... 

Coffee  tree,  Kentucky....^ 

OypreiS,  bald » 

Elm,  Ani'n  or  white 

**    red 

Hemlock « 

Hickory - 

Lignum  vitae 

Linden,  American 

Locust,  black  and  yellow 

"       honey 

Mafiogany.. , 


sqio. 


6800 
4400 
7000 
8000 
4400 
5400 
6000 
6000 
4400 
6000. 
8000 
6800 
5200 
6000 
6800 
7700 
5300 
8000 
10000 
6000 
9800 
7000 
9000 


Side- 

wtse.t 


lbs  per 
sqin. 


.  Tbe  strengths  In  all  these 
tables  may  readily  vary  as 
muoh  as  one-tbird  part  mom 
or  less  than  our  average. 


180O 
800 
1100 

laoo 

600 

700 

1800 

700 

600 

700 

1700 

900 

1300 

500 

1300 

1300 

600 

2000 

1600 

600 

1900 

1600 

1700 


8000 
140U 
1900 
2600 
1400 
1600 
2600 


1800 
2600 
1600 
2600 
1200 
2600 
2600 
1100 
4000 
13000 
900 
4400 
2600 
6300 


tk^pUf      broad  •  leafed, 

Oregon 

"      sugar  and  black.. 
**      white  and  red..... 
OoikjWhite,  post  (or  iron) 
swamp  white,  red 

and  black 

"   scrub  and  basket 
"   chestnut  and  live... 

"    pin.. 

Pine,  white 

"     Eed  or  Norway. 
**     pitch   and  Jersey 
scrub......*... 

"     Georgia 

Poplar 

Sas$afraM 

Spruce,  black 

"      white 

J^camore  (buttonwood).. 

Walnut,  black 

*♦      white     (butter- 
nut)   

Willow 


lbs  per 
sqio. 


6300 
8000 


7000 
6000 
7600 
6600 
5400 
6800 

5000 
8600 
6000 
6000 
6700 
4500 
6000 
8000 


8Me- 

vise.V 

lbs  per 
sqin. 


1400 
1900 

laoo 


2G00 
4300 
2900 


1000 
1700 
1600 
1300 
600 
600 

1000 

1300 

600 

1300 

700 

600 

1300 

1300 


5400  700 
4400  700 


4000 
4200 
4500 
3000 
1200 
1400 

20OO 
2600 
1100 
2100 
1300 
1200 
2600 
260O 

1600 
1400 


Hence  it  appears  that  seasoned  white  and  yellow  pines,  spruce,  and  ordinary  oaks, 
which  are  the  woods  most  employed  in  the  United  States  for  bridges,  roofs, etc.,  crash 
endwise  with  flrom  5000  to  7000 lbs  per  sq  inch,  in  short  htoehSf  average,  6000. 

But  it  is  well  to  bear  in  mind  that  in  practice  perfectly  equable  pressure  is  rarely 
secured.  In  a  few  trials  on  sidewise  compression,  with  fairly  seasoned  white  pine 
blocks,  6  ins  high,  5  ins  long,  and  2  ins  wide,  we  found  that  under  an  equally  dis- 
tributed pressure  of  5000  lbs  total  or  500  lbs  per  sq  inch,  they  compressed  about  from 
^  to  ^  inch ;  which  is  equal  to  from  \^to\^  inch  per  foot  of  height ;  or  ft^m  ^ 
to  ^  of  the  height;  the  mean  being  about  %  inch  to  a  foot,  or  X  of  the  height. 
Under  10000  9>8  total,  or  1000  ttM  per  sq  inch,  they  split  badly ;  and  in  some  case* 


larg«  pieces  flew  off.    See  Rem,  p  500. 

Th€  tensile  or  cohesive  strengths  of  pine  and  oak  average  about  10000  lbs  per  sq 
inch,  or  ^  as  much  as  average  east-iron,  or  nearly  double  their  resistance  to  crash- 
ing. The  tensile  strength  does  not  change  with  the  length  of  the  piece ;  so  tltat  in 
practice  we  may  take  its  safe  strain  at  iVom  1000  to  2000  lb«  per  sq  Inch,  depending 
upon  the  character  of  the  stractnr^,  Ac,  without  regard  to  the  length,  except  when 
this  is  so  great  that  two  or  more  pieces  have  to  be  spliced  together  to  make  it ;  thus 
weakening  the  piece  very  much. 

*  Specimens  4  centimetres  (1.57  inch)  square,  32  centimetres  (12.6  ins)  long. 
When  the  length  exceeds  10  times  th^  least  side,  see  Wooden  Pillars,  p  468. 

f  Specimens  4  centimetres  (1.57  inch)  square,  16  centimetres  (6.3  insj  long;  laid 
upon  platform  of  testing  machine.  Pressure  applied  at  their  mid-length,  by  means 
"f  an  iron  ^nnch  4  centimetres  square,  or  just  covering  the  entire  width  of  the 
specimen,  and  one-fourth  of  its  lemrth.  The  first  column  (headed  ".Ol ")  gives  the 
loads  producing  an  indentation  of  .01  inch.  The  second  column  (headed  Kl**)  gives 
hose  producing  an  indentation  of  .1  inch. 
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foot«  lor  stoneii,  dke.  The  stones  are  supposed  to  be  on  brd,  and  the  heiffiite 
of  all  to  be  from  1.5  to  2  times  the  least  side.  Stones  generally  begin  to  crack  or 
split  under  about  one-half  of  their  crushing  loads.  In  practice,  neither  stone  nor 
brickwork  should  be  trusted  with  more  than  %  to  ^th  of  the  crushing  load,  ac- 
cording to  circumstances.  When  tlioronirlily  wet.  some  absorbent  sand- 
stones lose  fully  half  their  strength.    See  head  of  next  page. 


Granites  and  Syenites. 

Basalt 

Limestones  and  Mar- 
bles*  

Oolites,  good 

Sandstones  fitfor  build- 
ing*  

Sandstone,  red,  of  Con- 
necticut and  N.  Jer- 


300  to  1200 


250  to  1000 
100  to  250 


150  to  550 


sey,  to  crack.... 
'  Ick*.... 


Brie' 

Brickwork,  ordinary, 
cracks  with* 

Brickwork,  good,  in  ce- 
ment*  

Brickwork,  first-rate, 
in  cement 

Slate 

Caen  Stone 

"       "to  crack 

Chalk,  hard, 

Plaster  of  Paris,  1  day 
old 


Tons  per 
sq.ft. 


Mean. 
Tons. 


40  to  300 

20  to  30 

30   to   40 

50  to  70 
400  to  800 
70  to  200 


20   to   30 


750 
700 


176 

850 


200 
170 


600 
135 
70 
25 


Cement,   Portland, 

neat,U.  S.  or  foreign, 

7  days  in  water 

Common  U.S.cements, 

neat,  7  days  in  water 
Oeaer^teofPorf. 

cement,    sand,   and 

gravel  or  brok  stone 

in  theproper  propor- 

tions,rammea  1  m  old 

6  months  old 

12  months  old 

With  good  common 

1iy<l     cementfi, 

abt  .2  to  .25  as  much 
CToifpnet  beton,  3 

months  old 

Rubble      masonry, 

mortar,  rough 

Glass,  green,crowu  and 

flint ] 

or  8  times  that  of  granite. 
Ice,  firm  t 1  12  to  18  |    15 


Tons  per 
sq.ft. 


Mean. 
Tons. 


75  to  150 
15  to  30 


12  to  18 
48  to  72 
74  to  120 


100  to  150 
15  to  35 


1300to2300 


112.5 
22.5 


15 

60 
97 


125 
25 


1800 


Crnsliinflr  Iteitflit  of  Brick  and  Stone. 

If  we  assume  the  wt  of  ordinary  brickwork  at  112  lbs  per  cub  ft,  and  that  it  would 
crush  under  30  tons  per  sq  ft,  thon  a  vert  uniform  column  of  it  600  ft  high,  w(|u)d 
crush  at  its  base,  under  its  own  wt.  Caen  stone,  weighing  IdO  lbs  per  cub  ft,  would 
require  a  column  1376  ft  high  io  crush  it.  Average  sandstoues  at  145  lbs  per  oub  ft, 
would  require  one  4158  ft  high ;  aud  average  granites,  at  165  lbs  per  cub  ft,  one 
of  8145  feet.  But  stones  begin  to  crack  and  splinter  at  about  half  their  ultimate 
crushing  load;  and  in  practice  it  is  not  considered  expedient  to  trust  them  with  more 
than  }^th  to  ^th  part  of  it.  especially  in  important  works;  inasmuch  as  settlements, 
and  imperfect  workmanship,  often  cause  undue  strains  to  be  throwu  on  certain 
parts. 

The  Merchants'  shot-tower  at  Baltimore  is  246  ft  high ;  and  its  base  sustains  6W 
tons  per  sq  ft.  The  base  of  the  granite  pier  of  Saltash  bridge,  (by  Brunei,)  of  solid 
masonry  to  the  height  of  96  ft.  and  supporting  the  ends  of  two  iron  spans  of  455  ft 
each,  sustains  9^  tons  per  sq  ft.  The  base  of  a  brick  chimney  at  Glasgow,  Scotland, 
468  ft  high,  bears  9  tons  per  sq  ft ;  and  Professor  Rankine  considei-s  that  in  a  high 

f^ale  of  wind,  its  leeward  side  may  have  to  bear  Id  tons.  The  highest  pier  of  Rocque- 
avour  stone  aqueduct,  Marseilles,  is  305  ft,  and  sustains  a  pressure  at  base  of  13)^ 
tons  per  sq  ft.    For  greater  pressures  on  arch-stones,  see  p  094 

*  Trials  at  St.  I^onis  bridge,  by  order  of  Capt  James  B.  Eads,  C.  E., 
showed  that  noine  nisgnes^aa  limestone  did  not  yield  under  less  than  1100  tons  per  sq  ft.  A  colnnm 
8  ins  bigb  and  2  ins  diam  sbortened  ^  inch  under  pressure;    anjl  recovered  wben  relieved. 

Experiments  made  witli  tlie  Oovt  testing  macliine  at  Water, 
town.  Mass,  1882-3,  gave  1400  tons  per  sq  ft  ultimate  crushgload  for  white 
and  blue  marble  from  Lee,  Mass.  700  for  blue  marble  from  Montgomery  Co,  Pa,  960  for  limestone  from 
CoDsbohocken,  Pa,  500  for  limestone  from  Indiana.  640  for  red  sandstone  from  HummelRtowu,  Pa, 
300  to  1000  for  yellow  Ohio  sandstone ;  Pbila  bricks,  flafnrise ;  bard,  machine-made,  350  to  7(J0  tons ; 
band-made.  700  to  1300;  pressed,  machine-made,  450  to  580 ;  Brickwork  columns,  18  ins  sq  and  13  fns 
high :  in  lime.  100  tons ;  in  cement.  150. 

t  ExperimenUi  by  Col.  Wni.  I^udlow.  U.  S.  A.,  wHh  Govt  testing  machines,  in  1861.  gave  n-ora  21 
to  64  tons  per  sq  ft  for  pure,  bard  ice  i  and  |6  to  59  tons  for  inferior  grade*.  The  specimens  (6  aod 
IX-inoh  cubes)  compressed  H  to  t  i^ob  before  crusbiog. 
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Slicet  lend  la  sometimes  placed  at  the  Joints  of  (Mono  ool- 

nninS,  with  a  Tlew  to  eqaallM  the  prcasare,  aad  thai  fnereate  the  etreogth  of  tiie  oettttun.  Bat 
ezperimeots  have  proved  that  the  effaot  is  direoUy  the  rever»e,  and  that  the  ootumn  is  matmiatlf 
weakened  thereby.    Does  this  aingvlar  fact  applj  to  caat  Iron  and  other  materials  ? 

Art.  3.    Averaiir®  crusbltiHT  load  for  Metals. 

It  mast  be  remembered  that  these  are  the  loads  for  pieees  bat  two  or  three  timea  their  least  side  la 
height.    As  the  height  increases,  the  crushing  load  diminishes.    See  "  Strength  of  Pillars,"  p  439. 


The  crashing  load  per  sq  inch,  of  any  material,  is  ft«qaently 
oalled  its  corutant,  €o*^fUi«nt,  or  modtdut,  ot  crashing  or  of  com- 
pression. 


Cast  Iron,  usually ~ ~ 

It  is  asnally  assumed  at  100000  lbs,  or  say  45  tons  per  sq  inch.  Its 
crushing  strength  is  usaallv  from  6  to  7  times  as  greu  as  its  tensile. 
Within  its  average  elastic  limit  of  about  15  tons  per  so  inch,  average 
cast  iron  shortens  about  1  part  in  5555;  or  H  inch  in  56  ft  nnder  each 
ton  per  sq  inch  of  load;  or  about  twice  aa  mnch  as  average  wrought 
iron.  Hence  at  15  tons  per  sq  inch  it  will  shorten  about  1  part  in  370; 
or  full  a  inch  in  4  feet.  Diffiireut  cast  irons  may  however  vary  10  to 
15  per  ct  either  way  from  this. 

v.  S.  Ordnance,  or  gun  metal :  Some 

Wronsbtiron,  within  elastic  limit 

Its  elasue  limit  under  pressare  averages  about  13  tons  per  sq  inch. 
It  begins  to  shorten  perceptibly  mder  8  to  10  tons,  but  recovers  when 
tbe  load  is  removed.  With  from  18  to  ao  tons,  Itshortens  permanentdr, 
abont  f\fth  part  of  iu  length ;  and  with  from  27  to  30  tons,  abou^^th 
part,  as  averages.  The  crashing  weights  therefore  in  the  table  are 
not  those  which  absolutely  masb  wrought  iron  entirely  out  of  shape, 
bat  merely  those  at  which  it  yields  too  much  for  moat  practical  build- 
ing purposes.  Abbut  4  tonti  per  sq  inch  in  considered  its  average  safe 
load,  in  pieces  not  more  than  10  diams  long ;  and  will  shorten  it  ^  inch 
in  30  ft.  average. 

BrHSS,  reduced  -jl^th  part  in  length,  by  51000;  and  ^^  by 
Copper,  (cast,)  crumbles 

(wrought)  reduced  ^th  part  in  length,  by 

Tin,  (cast,)  reduced  t'^th  in  length,  by  8800 ;  and  ^  by 
I^ead,  (cast,)  reduced  k  of  its  length,  by  7000  to  7700.... 

<'  By  writer.  A  pieee  fineh  sq,  t  ins  high ,  at  MK»%9  the  6om« 
pression  was  1-iOO  of  the  ht;  at  2000,  1-29;  at  9000, 1-8;  at 
5000, 1-S ;  at  7000, 1-2  of  tbe  bt. 

Spelter  or  Klne,  (cast.)    By  writer.    A  piece  1  inch 

sqoare,  4  ins  high,  at  2000  lbs  watf  oonpressed  1-400  of  its  bt;  at  4000, 
1-200 :  at  eOQO.  1-100;  at  10000, 1-48  {  at  20000,  1-16 ;  at  40000  yielded 
rapidly,  and  broke  into  pieoes. 

Steel,  224000  lbs  or  100  tons  shorten  it  from  .2  to  .4  part. 

"       American.    Black  Diamond  steel- works,  Pittsburg,  Penn. 

experiments  by  Lieut  W.  H.  Shock.  U.  S.  M.,  on  pieoes  H  in 

square ;  and  3^  ins,  or  7  sides  long. 

••       Untemperad.  100100  to  104000 

"        Heated  to  light  oherrv  red,  then  plunged  into  oil  of  82^*  Fah, 

173200  to  199200 


Pounds  per 
sq.  inoh. 


85000  to  125000 


175000 

22400  to  35840 

29120 


..165000... 
..117000... 
..103000... 
....15500... 
7350... 


"  Heated  to  light  cherry  red,  then  plunged  into  water  of  79° 
Pah ;  then  tempered  on  a  heated  plate,  325400  to  340800.. . . 

"  Heated  to  light  oh«rry  red,  then  plunged  into  water  of  79° 
Fah.  275800  to  400000. 

"     Elastic  limit,  15  to  27  tons 

"     Compression,  within  elas  limit  averages  abt 

1  part  in  13300,  or  .1  of  an  inch  in  111  ft  per  ton  per  sq  inch ; 
or  .1  of  an  inch  in  5.3  ft  under  21  tons  per  sq  inch. 

Best  Steel  knife  edfres,  of  large  R  R  weigh  scales 

are  considered  snfb  with  7000  lbs  pres  per  lineal  inch  of  edge ;  and 

solid  cylindrical 'Steel  rollers  under  bridges,  and 

rolling  on  $t«»l,  safe  with  V'diam  in  ins  X  3  100  000,  in  lbs  per  lineal 
iuoh  of  roller  parallel  to'axis.    And  per  the  samet  fbr 

Solid  eMt  Iron  wheels 


rolling  on  wrought  iron,  )/Diam  ins  X  352  000. 
«'  caat  Iron,         |/Diam  ins  X  222  223. 


SoUd  steel 


..109050.. 

..186200.. 

..S3S100.. 

..337800.. 
...47040.. 


Tons  per 
sq.  inch. 


38  to  66 


78.1 

10  to  1« 

IS 


73.6 

62.2 

46.0 

6.92 

3.28 


4S.S 

83.1 

148.7 

150.8 
21 


•  steel,  I^Diam  ins  X  1 300000. 

'  wronghtiron,  I^DiamlnsX  1024000. 
"  cast  iron, 


)/Diam  ins  X  850  000. 
From  "  Bpeoifioations  for  Iron  Drawbridge  at  Milwaukee,"  by  Don  J.  Wbittemore,  O.  E. 
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STKENGTH  OF  PII<I<ABS. 

The  foregoing  remarks  on  crushing  or  compresslTe  strength  refer  to  that  of 

{>iece8  so  short  as  to  be  incapable  of  yielding  except  by  crushing  proper.  Pieces 
unger  in  proportion  to  their  diameter  of  cross  section  are  liable  to  yield  by 
bending  siaeways.    They  are  called  oillars  or  columns. 

The  law  governing  the  strength  of  pillars  is  but  imperfectly  understood ;  and 
the  best  formulse  are  rendered  only  approximate  by  slight  unaToldable  and  un- 
suspected defects  in  the  material,  stralgbtness  and  setting  of  the  column.  A 
Tery  slight  obliquity  between  ihe  axis  of  a  pillar  and  the  line  of  pressure  may 
reduce  the  strength  as  much  as  60  per  cent;  and  dilTer^cen  of  10  per  cent  or 
more  in  the  bkg  load  mav  occur  between  two  pillars  which  to  all  appearances 
Hre  precise! 7  similar  and  tested  under  the  same  conditions.  Hence  a  lit>eral 
factor  of  safety  should  be  employed  In  using  any  formulae  or  tables  for  pillars. 
See  »*  factor  of  safety  "  p  442.  and  at  foot  of  p  446. 

In  our  following  remarks  on  this  subject,  the  pHlars  are  supposed  to  sustain 
a  cmuUnU  load ;  and  the  ultimate  or  breaking  load  referred  to  is  that  one  which 
would,  during  iu  first  application,  cripple  or  rupture  the  pillar  in  a  short  time. 
But  struts  in  bridges  etc  often  have  to  endure  streases  which  vary  greatly  in 
amount  from  time  to  time.  Their  ultimate  load  is  then  leaa.  For  auoh  oases 
•eep485. 

Long  pillars  with  r«aMfi«d  eiMls,  as  in  Fig  1.  hare  leas  strength  than 
ihoee  with  flat  ends,  whether  free  or  firmly  fixed.    See  table  p442,  which 
also  shows  that  in  akori  columns  the  difference  in  this  respect  ia 
but  slight. 

In  iron  bridges  and  roofe,  the  ends  of  the  pillars  and  of  obllone 
struts  are  frequently  sustained  by  means  of  pins  or  bolts  passing 
through  (across)  them,  at  either  one  or  both  ends,  as  at  p.  Fig  1. 
See  also  p  612.  These  we  wfll  call  hiniped  ends.  Our  table 
I  Figr*  !•  P  ^^  shows  that  pillars  so  fixed  are  about  intermediate  in 
strength  between  those  with  flat  and  those  with  round  ends. 
There  is  much  uncertainty  about  this  and  all  such  matters.  The 
strength  of  a  given  hinged-end  pillar  is  increased  to  an  important 
extent  by  increasing  the  diameter  of  the  pin. 

The  formnla  in  most  general  use  for  the  strength  of  pillars, 

is  that  attributed  to  Prof.  I^ewls  Gordon  of  Glasgow,  and 

ealled  by  his  name.    With  the  use  of  the  proper  coefficients  for  the  giren  case, 

it jeriTes  results  agreeing  approximately  with  averages  obtained  in  practice  with 

piliara  of  such  lengths  (say  from  10  to  40  diams)  aa  are  commonly  used. 

It  is  aa  follows 

Breaking  load  in  lbs  per  sq  inch  ^         J 
of  area  of  crosa  section  of  pillar  /i 

in  which  ^'« 

f  ia  a  coefficient  depending  upon  the  nature  of  the  material  and  (to 
some  extent)  upon  the  snape  of  cross  section  of  the  pillar.  It  is  often  taken, 
approximately  enough,  as  being  the  ult  crushing  strength  of  »hort  blocks  of  the 
given  material.  For  good  American  wrought  iron, -such  as  is  used  for  pillars. 
40000  is  generally  used ;  for  cast  iron  80000.  Mr.  Cleeroan*  found  for  mild  steel 
(.15  per  cent  carbon)  52000 ;  and  for  hard  steel  (.36  per  cent  carbon)  83000  Ibe. 
Mr.  C.  Shaler  Smith  gives  5000  for  Pine.  See  p  458. 
a,  for  wrought  iron,  is  usually  taken  as  follows :  a  = 

when  both  ends  of  the  pillar  are  flat  or  fixed 36000  to  40000 

when  both  ends  of  the  pillar  are  hinged 18000  to  20000 

when  one  end  is  flat  or  fixed,  and  the  other  hinged...  24000  to  30000 

For  cast  iron  about  one  eighth  of  these  figures  is  generally  used ;  and  for  pine 
about  one  twelfth. 

1       is  the  length  of  the  pfllar.    If  the  pillar  has,  between  its  ends,  supports 
which  prevent  it  from  yielding  side-ways,  the  length  is  to  be  measured 
between  such  supports.    See  lines  11  to  18,  p  457. 
r      is  the  least  radiuaofgyrationf  of  the  cross  section  of  the  pillar,  /andr 
must  be  In  the  same  unit ;  as  both  in  feet,  or  both  in  inches. 


•  Prooeedlngs  Engioeera'  Clab  of  Phila,  Nov  1884. 
t  Bm  p  440. 
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Badins  of  ipyratfon.    Soppoie  a  body  free  to  rayohre  around  an  axis  whidi 

paatee  through  it  in  any  directten ;  or  to  oscillate  like  a  pendulum  bnug  from  a  point 
of  Buspenoion.  Then  Huppoee  in  either  case,  a  ceitain  given  amount  of  force  to  be 
applied  to  the  body,  at  a  certain  giveu  dist  from  the  axis,  or  from  the  point  of  sus- 
pension, so  as  to  impart  to  the  body  an  angular  vel ;  or  in  other  words,  to  cause  it 
to  describe  a  number  of  degrees  per  sec.  Now,  there  will  be  a  certain  point  in  the 
body,  such  that  if  the  entire  wt  of  the  body  were  there  concentrated,  then  the  same 
force  as  before,  applied  at  the  same  dist  from  the  axis,  or  from  the  point  of  suspen- 
sion as  before,  would  impart  to  the  body  the  same  angular  motion  as  before.  Thie 
point  is  the  center  of  gyration ;  and  its  dist  from  the  axis,  or  from  the  point  of  sus- 
pension, is  the  Radiuf  of  gyration^  of  the  body.  In  the  case  of  aretUy  as  of  cross- 
sections  of  pillars  or  beams,  tlie^  surfaxit  is  supposed  to  revolve  about  an  imaginary 
axis ;  and,  unless  otherwise  stated,  this  axis  is  the  neutral  axis  of  the  area,  whick 
passes  through  its  center  of  gravity.    Then 

Radiiis  of  sjrration  —  v^ffoment  of  inertia  -f-  Area 

Square  of  radins  of  gyration  »  Moment  of  inertia  -^  Area 

For  moment  of  inertia,  see  p  486. 

In  a  circle,  the  radius  of  gyration  remains  the  same,  no  matter  \n  vrhat  direc- 
tion the  neutral  axis  may  be  drawn.  In  other  figures  its  length  is  different  for 
the  different  neutral  axes  about  which  theigure  may  be  supposed  to  be  capable 
of  revolving.  Thus,  in  the  1  beam  Fig  18,  p  521,  the  radius  of  gyration  about  the 
neutral  axis  X  Y  is  ranch  greater  than  that  about  the  longer  neutral  axis  WZ. 
In  rules  for  pillars  the  lead  radius  of  gyration  must  be  used. 

The  following  formulse  enable  us  to  find  the  least  radius  of  gyration,  and  the 
square  of  the  least  radius  of  gyration,  for  such  shapes  as  are  commonly  used  for 
pillars. 


Square  of 
of  nryration 

Solid  square 


Sliape  of  cross  section  l^ast  radios   i^„z«  ••^«„. 

of  pillar  of  gyration    ****'^  raoma 


of  §ry  ration 

side  side* 


1/li* 


12 


Hollow  square  of  uniform  /d«  4- d*  D*  -f  d« 

thickness  ^      12  12 


Solid  rectangle 


least  side  least  sideS 


1/T5~* 


12 


-A H 


r  Hollow  rectangle  of  uniform      /  C»A  — cSg         C»A  — c»a 
k  thickness  \'  12  (C  A  —  e a)    12  (C  A  ~  e  a) 


Solid  circle 


diameter  diameter* 


16 


L-J)-.-^ 


Hollow   circle   of   uniform  /D»  -f  <^  D*  +  rf« 

thickness  "^      jg  — jg — 


•  K'l2  =  »bont  5.4641. 
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Shape  of  cross  section  l^ast  radius    i^"  widios 


of  pillar 


of  gryi^tion 


of  gyiemtk'Otk 


Phoenix  columii.  (See  p  449)       D  X  .3636  DS  x  .1322 


I  beam.    (Seep  521) 


F 

4.68 


F« 
21 


ChanneL    (See  p  621) 


F 

3.64 


F« 

12.5 


Deck  beam.    (See  p  521) 


86.6 


Angle,  with  equal  legs  F 

(See  p  625)  "5" 


F« 

25 


Angle,  with  unequal  legs  Fj 


F2/2 


(See  p  625)        2.6  (F  +  /)  13  (F^  +  /«) 


T.with  F«=/ 
^  (See  p  525) 


y^-i 


p-  Cross,  with  F«/ 


F 
4.74 


33 


22.5 
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Table  of  apprmOma^  average  nUlinate  loa^  In  Ib«  per 
sauare  IneliTHS  found  by  experiment  with  care/uUy  prepar^  speciuiens.  In 
pi^ctiee,  allowance  must  be  made  for  the  rougher  character  of  actual  woric.for 
jarriugs  etc  etc. 


t 


3 

17 
20 
30 
40 
50 
60 
70 
80 
90 
100 
120 
140 
160 
200 
300 


Pencoyd  Angles,  Tees,  I  beams  and  Channels  * 
See  pp  521  to  527. 


Steel. 


Flat 
ends 


100000 
74000 

.62000 
60000 
58000 
55500 
53000 
49700 
46500 
40000 
33o00 
28000 
.19000 
8500 


Mild;. 12 
percent 


Flat 
ends 


70000 
51000 
46000 
44000 
42000 
40000 
38000 


34000 
30000 
26000 
22000 
14800 
7200 


Iron. 


Fixed 
ends 


46000 
43000 
40000 
38000 
86000 
34000 
32000 
31000 
30000 
28000 
25500 
23000 
17500 
9000 


Flat 

Hinged 
ends 

ends 

46000 

46000 

43000 

43000 

40000 

40000 

38000 

38000 

36000 

36000 

34000 

83750 

32000 

31500 

30900 

29750 

29800 

28000 

26300 

24300 

23500 

21000 

20000 

16500 

14500 

10800 

7200 

6000 

Bound 
ends 


44000 

40250 

36500 

33500 

30500 

27760 

25000 

22750 

20500 

16500 

12800 

9500 

6000 

2800 


Pbcenix 
columns.f 
See  p  449. 


Iron. 


Flat 
ends 


57200 
50400 
48000 
40000 
37000 
37000 
37000 
37000 
36000 
35000 
35000 
34500 


if 


3 
17 
20 
30 
40 
50 
60 
70 
80 
90 
100 
120 
140 
IfiO 
200 
300 


The  following  simple  fornmla,  by  Mr.  D.  J.  Whittemore,  was  found  to 
agree  very  closely  with  the  results  of  the  experiments  on  Phcenix  columns  rf 


Breaking  load  in  fiw 

per  sq  inch  of  area  =  [(1200— H)  X  30]  + 

of  cross  section  of  pillar 


525000 
H« 


where  H  = 


length  of  pillar 
'  diam  D,  fig  p  449 


both  in  the  same  unit. 


See  also  p  443. 

Mr.  Christie*  adopt*  the  following  formulse  for  obtaining  the  proper  ftietor 
of  safety  for  pillars  of  wrought  iron  or  steel : 

-     ,  „      ,   /v.  length 

For  flat  and  fixed  ends,  """" — '  — '-^ » 


.01 


.015 


least  rad  of  gyr 
length 


Factor  of  safety  =  8  +  f 

For  hinged  and  round  ends,     Factor  of  safety  :*  8  +  r 

It  will  be  noticed  that  the  factor  of  safety,  as  found  by  these  forraulse,  in- 
creases with  the  ratio  of  the  length  of  the  pillar  to  the  least  radius  of  gyration 
of  Its  cross  section ;  and  is  greater  for  round  and  hinged  ends  than  for  flat  and 
fixed  ends.    See  foot  of  p  446. 


least  rad  ot  gy: 


-.) 


by  Pencoyd  Iron  Works ;  pablished  by  Mkn 
TranMoUons,  Auicrioati  Society  of  Civil  Englueers ;  Jan,  Feb  and  March  188S. 


•  See  "  Wroaffht  Iron  and  Steel  in  Constraetlon 
WllerA  Sons,  New  Tork,  1884. 
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VUhmmtm  erl»i»ltefr  Mr^i^hp  in  Ehm  per  ««  iiMb  of  aieial 
■eeiion  of  tbe  fonr  wrotisrbt  iron  pillars  below.  These  formulas 
are  dedaoed  bv  Chs.  Shaler  SmUh,  *rom  many  testn  by  G.  Bou^caren,  C.  E.,  of 
lai^  pitlan  of  good  American  iron.  The  lower  Table  is  an  abridgment  of  the 
full  ones  by  G.  L.  Gatee,  C.  E.,  in  the  Trans.  Am.  Soc.  C.  E.,  Oct,  1880. 

_      kng^  between  end  bearingg ,.,,.,  j  *   *    u  i 

^ — ^  both  in  the  same  measure ;  and  is  to  be  squared. 


le<ut  diameter  d 
For  safety  take  from  %Ui%,  according  to  circumstances. 


mtimate  and  safe  loads  in  ibs  per  sq  inch,  of  the  above  four  pillars,  with 
flat  ends,  and  equally  loaded.  Coef  of  Safety  =»  4  +  .05  H.  By  C.  L.  Gates,  C.  E. 


H. 

A.  Square  Col. 

B.  Phoenix  Col. 

C.  American  Col. 

B.  Common  Col. 

uu. 

Safe. 

VIU 

Safe. 

rift. 

Safe. 

rift. 

Saffe. 

15 

37067 

7822 

40476 

8521 

34484 

7249 

33693 

7093 

16 

S6876 

7683 

40212 

8377 

34167 

7118 

33339 

6946 

18 

36470 

7443 

39645 

8091 

33697 

6856 

32589 

6651 

20 

36024 

7205 

39030 

7806 

32982 

6596 

31790 

6358 

22 

35544 

6970 

38373 

7524 

32327 

6338 

30952 

6069 

25 

34767 

6622 

37317 

7110 

31285 

5959 

29639 

5646 

30 

33344 

6063 

35424 

6440 

29435 

5362 

27375 

4977 

35 

31806 

5531 

33406 

5810 

27512 

4789 

25108 

4367 

40 

30198 

5033 

31352 

5226 

25584 

4264 

22919 

3820 

45 

28562 

4570 

29310 

4690 

23701 

3792 

20857 

3337 

50 

26932 

4143 

27321 

4203 

21900 

3369 

18952 

2916 

65 

25883 

3728 

25415 

3765 

20203 

3004 

17214 

2550 

fiO 

23787 

3898 

23611 

3373 

18621 

2660 

15643 

2235 
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TABLE  OF 


BEAKIHe  I^ABS  OF  IBOH  PII^U^KS, 


in  tons  per  square  inch  of  metal  area.  Deduced  from  €k>rdon.  The  ends  are 
soppoeed  to  be  planed  to  form  perfectly  trne  beariugs ;  and  all  parts  to  be  equally 
pressed.  The  last  is  rarely  the  case  in  practice^  If  tke  l»iU»r  is  reetl»i»grv* 
Imr  instead  of  square,  use  the  least  side  for  a  measure  of  length.  (Origiual.) 


Hollow 

Hollow 

SoUd 

Solid 

Roand. 

Lengtii 
memad 

Square. 

Bound. 

\S£J 

Square. 

Bremkg  lewis  per 

in  sides 

Breakg  loads  per 

Breaks  loads  per 

in  side* 

Breaks  loads  per 

aq  inch  of  metal 

or 

•q  ioeb  of  metal 

sq  inch  of  metal 

or 

aq  ineh  of  metal 

area  of 

diaau. 

area  or 
transrerae  section. 

area  of 

diaaa. 

ai«aor 

transTerM  mcUod. 

Cast. 

Wrt. 

Cast. 

Wrt. 

Cast. 

Wrt. 

Cast. 

IVrt. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

85.7 

16.1 

85.7 

16.0 

36.6 

16.1 

S5.5 

16.1 

35.5 

16.0 

86.4 

16.0 

35.2 

16.1 

36.3 

16.0 

84.9 

16.0 

S4.8 

16.0 

36.0 

16.0 

84.3 

16.0 

84.S 

16.0 

84.6 

16.0 

88.6 

16.0 

83.7 

16.0 

84.3 

16.0 

82.8 

1&.9 

33.0 

15.9 

33.7 

16.0 

31.8 

15.8 

32.3 

15.8 

83.1 

15.9 

30.8 

15.7 

31.5 

16.8 

32,4 

15.9 

».7 

15.7 

80.C 

15.7 

10 

81.7 

15.8 

10 

29.7 

16.6 

11 

81.0 

15.8 

11 

28.8 

15.5 

12 

80.3 

15.7 

12 

27.9 

15.5 

29.5 

15.7 

IS 

27.0 

15.4 

14 

28.7 

15.6 

14 

2M.0 

15.3 

16 

27.9 

15.5 

35.1 

15.2 

16 

27.1 

16.6 

16 

24.2 

15.1 

26.3 

15.4 

17 

28.8 

16.0 

18 

35.4 

15.8 

22.3 

14.9 

19 

24.6 

16.2 

19 

21.4 

14.8 

SO 

23.8 

15.1 

20 

20.6 

14.7 

21 

33.0 

15.0 

21 

19.8 

14.6 

23 

22.2 

14.9 

82 

19.0 

14.4 

38 

21.6 

14.8 

38 

18  3 

14.3 

24 

20.8 

14,7 

24 

17.5 

14.2 

25 

20.1 

14.6 

25 

18.8 

14.0 

36 

19.4 

14.6 

26 

16.2 

18.9 

27 

18.7 

14.4 

27 

15.5 

18.7 

28 

18.0 

14.3 

28 

14.9 

18.6 

29 

17.4 

14.3 

».«! 

39 

14.8 

18.4 

80 

16.8 

14.0 

8!93 

80 

18.8 

18.2 

81 

16.3 

13.9 

8.50 

81 

13.2 

13.1 

32 

15.7 

13.8 

8.10 

82 

12.7 

12.9 

S3 

15.2 

13.6 

7.70 

33 

• 

12  8 

12.8 

34 

14.6 

13.5 

7.86 

84 

11.7 

12.6 

35 

14.1 

13.3 

7.04 

«v  * 

85 

11.8 

12.6 

86 

13.6 

13.2 

6.71 

io!2 

86 

10.9 

12.3 

37 

13.2 

18.1 

6.41 

10.0 

37 

10.5 

12.2 

38 

12.7     ' 

13.0 

6.11 

9.79 

38 

10  1 

12.0 

39 

12.3 

12.9 

6.85 

9.59 

89 

9.75 

11.9 

40 

11.9 

12.7 

6.62 

9.39 

40 

9.40 

11.7 

41 

11.5 

12.6 

5.40 

9.20 

41 

9.07 

11.6 

42 

ll.l 

12.4 

6.19 

9.00 

43 

8.76 

11.4 

43 

10.8 

12.3 

4.99 

8.81 

43 

8.46 

11.3 

44 

10  4 

12.2 

4.79 

8.64 

44 

8.16 

ll.l 

45 

10.1 

12.0 

4.59 

8.46 

45 

7.88 
7.61 
7.36 
7.13 
6.91 
5.90 
6.10 
4.44 
3.90 
8.44 
8.08 
2.46 
2.02 

10.9 
10.8 
10.6 
10.4 
10  3 
9.61 
8.92 
8.29 
7.69 
7.14 
6.64 
5.78 
4.99 

46 

47 
48 
49 
50 
55 
60 
65 
70 
75 
80 
90 
100 

9.80 
9.50 
9.20 
8.94 
8.66 
7.47 
6.49 
6.68 
5.01 
4.44 
8.97 
3.21 
2.65 

11.9 
11.7 
11.6 
11.4 
11.8 
10.7 
10.0 
9.43 
8.84 
8.30 
7.77 
6.88 
6.02 

4.42 
4.26 
4.11 
8.97 
8.84 
8.22 
2.76 
2.37 
2.06 
1.80 
1.59 
1.27 
1.04 

8.27 
8.10 
7.94 
7.76 
7.60 
6.86 
6.18 
6.59 
6.06 
4.59 
4.18 
3.49 
2.96 

46 
47 
48 
49 
50 
55 
60 
65 
70 
75 
80 
90 
100 

y  Google 
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BreaktBir  loadu,  fl»t  ends,  perHMily  tme,and  flrmly  llzedi 
MKl  the  loads  pressln§r  eqioally  on  everjr  |mrt  of  (m  top. 

By  Gordon's  formula. 
For  dlams  or  lenfftbs  Intermediate  of  those  in  the  table*  the 

loads  may  be  found  oear  eooagb  bjr  simple  proportioa. 

For  tbleknfHisefi  less  than  those  in  the  table,  the  breaking  loadi 
may  safely  be  aaanmed  to  dlmlDish  In  the  same  proportloo  as  (he  thlekMse,  while  the  e«ter  dtam 
lemaiBs  the  same.  But  for  frealsr  tbIekBesses  than  those  In  the  table,  the  loaids  do  net  Inerease 
as  rapidly  as  the  new  thiekness.    BtUl.  In  praetlee,  they  may  be  aesnmed  to  do  so  approximately. 

ir  the  new  thiehness  does  not  ezeeed  about  ^  part  of  the 
outer  diam. 


Weiffht  of  1  foot  of  lensth  of  pillar  in  pooxida. 

4.81  1     4.91  I     &.SS  I    6.18    |     6.75  |      7.97  |     9.28  \   lO.i    |    11.7    |    18.9    |    14.1 

Area  of  ring  <a  eolid  metal  in  square  inohes. 
1.88  1     1.ST  I     1.77  I    1.9(r  I     2.16  \     2.55  [     3.96  \     8.84  |     8.78 1     4.18  \     4.M 


i" 

CAST  IBON.  THIC|CNS88  H  INCH.  (Original.) 

a  ' 

¥ 

6 

5« 

6 

6« 

7 

7J4 

8 

8« 

9 

10 

11 

18 

.2 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

9 

239 

268 

297 

826 

854 

883 

418 

440 

469 

696 

688 

640 

9 

4 

305 

235 

266 

396 

396 

856 

887 

416 

446 

504 

668 

688 

4 

6 

166 

196  V 

227 

267 

288 

819 

860 

880 

410 

471 

688 

606 

8 

8 

181 

159 

188 

218 

248 

279 

310 

840 

871 

488 

494 

667 

n 

10 

103 

127 

154 

183 

210 

840 

270 

800 

880 

891 

464 

617 

10 

IS 

83 

108 

126 

161 

177 

906 

838 

863 

892 

851 

418 

475 

13 

14 

66 

84 

104 

126 

149 

174 

aoo 

287 

866 

SIS 

878 

484 

14 

1       16 

54 

69 

87 

106 

136 

149 

178 

198 

224 

977 

884 

894 

18 

1       18 

45 

58 

78 

90 

108 

128 

148 

173 

196 

946 

800 

867 

IR 

1       90 

87 

48 

62 

77 

98 

HI 

ISO 

151 

173 

819 

870 

888 

90 

» 

82 

41 

68 

66 

80 

96 

118 

182 

161 

194 

841 

993 

83 

35 

2S 

84 

48 

64 

66 

79 

93 

109 

126 

164 

806 

853 

35 

80 

18 

34 

81 

89 

48 

69 

70 

83 

96 

126 

160 

199 

SO 

86 

IS 

18 

34 

80 

86 

44 

58 

63 

78 

98 

126 

169 

86 

40 

10 

14 

18 

23 

38 

86 

48 

60 

69 

78 

108 

189 

40 

45 

8 

11 

15 

19 

38 

28 

84 

41 

48 

64 

84 

107 

46 

60 

6 

9 

12 

16 

19 

28 

38 

88 

39 

53 

70 

89 

50 

00 

4 

< 

9 

U 

14 

17 

90 

94 

88 

88 

SO 

68 

60 

1       TO 

S 

4 

6 

8 

10 

12 

15 

18 

21 

89 

38 

60 

70 

'       80 

8 

4 

5 

6 

8 

9 

11 

IS 

16 

39 

80 

88 

80 

VelgM  of  1  Coot  of  length  of  pillar,  in  pounds. 


83.1  I   94.5  I  SffT  I  39.4   |   31.9  |    34.4  |   36.9   |   89.4  |  41.9  |  46.6  |  61.6  |   66.6 
Area  of  ring  of  solid  metal,  in  square  inohas. 


Area  of  ring  of  solid  metal,  in  square  inonas. 
T.«7 (    7.88       8.64  \   9.48T  10.3  |    U.O  |  11.8  I  13.6  I  18.4  |  14.9  I  16.6  I   181 

—^ Digitized  by  VjVJ^  VIC 
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STBEKOTH  OF  IRON  PILIxARS. 


VMMe  E.    BH»IJM>W  CYMJtm^  €ASV  tm^M  PI1*I«AKS. 

BREAKING  LOADS.— (CoDtanoed.)  Br  Gow>«i'8  BoLi. 


£ 

CAST  UtON.     THICKKB88  1  INCH.   (Origiwa.) 

3 

|i 

Oater  Diameter  in  Inehee. 

|l 

IS 

18 

14 

15 

16 

IB 

90 

88 

94 

27 

80 

M 

Tons. 

Tom. 

Tern. 

Tons. 

Tom. 

Tmw. 

Tons. 

Tons. 

Tom. 

Tona. 

Tons. 

ToM. 

4 

1188 

18M 

1415 

1580 

1645 

1874 

noB 

8839 

8S67 

8896 

8896 

8915 

4 

6 

1138 

ITSi 

1368 

1484 

1601 

1833 

a068 

2295 

2625 

2866 

8896 

nm 

• 

8 

1065 

1184 

1303 

1423 

1543 

1779 

8015 

2847 

8479 

8884 

8170 

8890 

8 

10 

969 

1110 

1831 

1355 

1475 

1716 

1957 

2198 

8489 

8780 

3128 

8823 

10 

IS 

909 

1030 

llfS 

13T5 

1899 

1644 

1889 

3129 

969 

8728 

8076 

3778 

IS 

14 

829 

949 

1071 

1196 

1820 

1566 

1818 

1066 

2900 

2659 

3016 

3726 

14 

IC 

756 

873 

992 

1114 

1887 

1484 

1T88 

1979 

2226 

2589 

2951 

3668 

1« 

18 

68S 

796 

913 

1084 

1165 

1401 

1661 

1899 

2147 

2515 

8879 

8604 

18 

» 

618 

727 

840 

958 

1077 

1829 

1668 

1817 

2066 

2437 

2805 

3536 

20 

SS 

669 

&a 

772 

887 

1002 

1S41 

1486 

1784 

1982 

2356 

2726 

3464 

23 

24 

508 

606 

709 

818 

989 

1168 

1404 

1650 

1899 

2272 

9644 

8387 

24 

26 

459 

558 

661 

756 

868 

1090 

1826 

1570 

1816 

8188 

2560 

8808 

2S 

28 

418 

506 

596 

697 

800 

1029 

1850 

1489 

1783 

8108 

2475 

8226 

28 

SO 

880 

462 

649 

644 

748 

954 

1178 

1412 

1668 

9020 

2992 

3143 

90 

S3 

S47 

424 

566 

596 

689 

898 

1116 

1838 

1575 

1938 

2908 

8069 

83 

S« 

318 

890 

467 

552 

611 

836 

1046 

1968 

1500 

1867 

8225 

2874 

84 

SO 

292 

859 

482 

511 

596 

788 

984 

1199 

1427 

1179 

2143 

8889 

SO 

S8 

S68 

831 

400 

475 

556 

734 

928 

1136 

1361 

1704 

8063 

2804 

88 

40 

247 

806 

379 

441 

518 

687 

874 

1076 

1296 

1630 

1984 

8790 

40 

42 

229 

888 

344 

411 

484 

64S 

825 

1019 

1232 

1560 

1909 

8686 

43 

44 

212 

268 

321 

383 

452 

605 

776 

963 

1169 

1491 

1884 

8952 

44 

46 

197 

846 

299 

358 

428 

669 

734 

915 

1114 

1428 

1766 

2474 

40 

48 

183 

229 

280 

385 

397 

636 

694 

869 

1060 

1367 

1696 

2896 

48 

50 

170 

213 

261* 

314 

378 

505 

656 

824 

1068 

VM 

1627 

8819 

M 

S5 

144 

181 

222 

269 

320 

438 

673 

725 

893 

1172 

1474 

8135 

86 

60 

124 

157 

192 

283 

278 

888 

503 

641 

795 

1064 

18iS 

1964 

00 

•5 

105 

184 

165 

202 

242 

835 

448 

568 

709 

951 

1211 

1806 

65 

70 

98 

118 

.**• 

178 

213 

297 

894 

607 

686 

858 

1099 

1664 

10 

80 

78 

92 

•H8 

139 

168 

835 

815 

406 

516 

705 

914 

1414 

80 

90 

58 

78 

91 

112 

136 

191 

857 

835 

486 

586 

768 

1209 

90 

100 

48 

60 

75 

98 

118 

15T 

818 

879 

856 

491 

651 

1040 

100 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 

108 1  118  I  128  I  188  I  147  |  167  |  187  |  206  |  826  |  856  |  886  |  844 

Area  of  ring  of  solid  metal,  in  square  inches. 
84.6 1    37.7 1    40.8  |    44.01     *7.1  |   63.4  |    50.7  |    &.0  \  78.2  |   81.T  j   91.1  1 110.0 


'f 

CAST  IBON.    THICKKB88  8  INCHS8.    (Original.)            ^ 

Outer  Diameter  in  Teet.                                           | 

8 

9H 

4 

4« 

5 

5M 

6 

T 

• 

10 

12 

Tow. 

Tons. 

Tona. 

Tona. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

10 

10606 

18878 

14906 

16967 

18966 

21038 

23052 

27143 

31196 

Jt92S4 
1^133 

47376 

10468 

18564 

14628 

16712 

18754 

20625 

22855 

26972 

81045. 

9996 

12150 

14950 

16369 

18440 

20533 

22585 

26737 

80837' 

88962 

47181 

11102 

18275 

15459 

17593 

19743 

21847 

26084 

80257 

.88486 

46729 

w 

IS 

90 
100 
110 

\n 

9907 

12113 

14344 

16531 

18735 

20891 

25224 

29476 

»7838 

46176 

8702 

10688 

18126 

15341 

17580 

19780 

24107 

28532 

sroKr 

45484 

2547 
1960 
1588 

21$ 

8690 

11892 

14100. 

16349 

18670 

23049 

27460 

36103 

44666 

S22 

8676 

10702 

12870 

15097 

17S19 

21824 

85058 

48737 

4881 
8788 
8954 
8860 

7570 

9595 

11692 

13873 

16070 

20566 

26048 

SS984 

42712 

6909 
6238 
4400 
8853 

8588 
7665 

6888 
5864 

4547 

10594 
9588 
8677 
7483 
5900 

12706 
11614 
10606 
9967 

7417 

14856 
18700 
12613 
11132 
9058 

19304 
18065 
16869 
14650 
12701 

23791 
82521 
21270 
19448 
16668 

82725 
81481 
80213 
27664 
25182 

41670 
40438 
89220 
86698 

84127 

o*.  .  ,„  '•'^•*«*»t  ot  one  foot  of  lencth  of  pillar,  in  pounds. 

W8  I  1160  I  1825  I  1508  I  1678  i  1856  t  2031  I  2388  I  2740  |  8444 


10 
15 
20 
80 
40 
50 
60 
70 
80 
90 
100 
110 

m 

150 


I  4158 


Mr  ja^*****"***  *'  •*'*^''  '*■'  liollow  CBst  irmi  ptUArs. 

gjoommtnds'  ?h.J K'd^'i^allot  ?J"«,;J^u*if  Vo?;?.'^^^*^'  *°  »»*•  "  ''•"«  of  Cast  Iwn  PllUrs." 


!«  J  .-.  2-  ''••hould  noiuke  th«..fci   T*.  '  '°Mlng,  Imperfect  oasttog,  bad  end  bearinrs  Kids 
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Table  4,  of  brei«kiii§r  loads  In  tons  of  bollow  eyllatirleal 
wrotiirbt  Iron  pillars*  witli  flat  ends*  perfectly  trne,  and 
flrmljr  fixed,  and  tlie  loads  presslnar  equally  on  every  imrt 
of  tbe  top.  GalcalMted  by  Qordon't  formula.  No  ih^ds  have  been  taken  to  have 
the  last  figure  o£  the  loads  perfectly  correct  in  every  case. 

(Original^ 


5 


5 

< 
T 
8 
• 
10 
II 
12 
IS 
14 
15 


WBOUGBT  I&OK.    TKICKNXSS  H  INCH 

Oater  dlamater  tn  inehes. 

H      1 

1      1 

1« 

IH    \    IH    \ 

«       1     SX     < 

iH     1 

tH     1 

3 

BRXAKIVQ 

LOAD. 

Tofia. 

Tons. 

Toas. 

Tom. 

Toot. 

Tons. 

Tone 

Tmi*. 

Ton.. 

Too*. 

8.«4 

5.27 

6.M8 

8.80 

10.1 

11.7 

18.2 

14.8 

16.4 

18.0 

1.M 

4.64 

6.S1 

8.00 

9.6 

11.1 

12.8 

14.5 

16.1 

17.8 

2.90 

8.86 

5.57 

T.38 

8.9 

104 

12.2 

1S.9 

15.6 

17.8 

i.n 

S.I3 

4.74 

6.86 

8.1 

«.• 

11.6 

ISJ 

15.0 

16.7 

1.M 

S.51 

4.07 

5.66 

7.S 

9.1 

10.8 

11.5 

14.1 

16.0 

104 

3.0S 

s.a 

4.91 

6.6 

8.8 

0.9 

11.6 

13.4 

U.1 

.81 

1.65 

2.91 

4.24 

6.7 

7.4 

9.1 

10.8 

12.6 

14.4 

.•I 

1.36 

2.46 

867 

5.1 

6.7 

ej 

9.9 

11.7 

13.5 

M 

1.05 

2.08 

3.18 

4.5 

6.0 

7.5 

9.1 

10.8 

MM 

.41 

.95 

1.75 

1.77 

4;0 

tt- 

69 

«4 

10.1 

l\M 

M 

.81 

1.52 

2.41 

3.6 

6.1 

7.7 

9.8 

11.0 

.» 

.76 

1.84 

2.14 

3.1 

4J 

5.6 

7jO 

8j6 

10.1 

.14 

.60 

1.16 

1.88 

2.8 

8.9 

5.2 

6.5 

SM 

9.5 

.« 

.5S 

1.0S 

1.6i 

2.5 

8.6 

4.7 

6.0 

7.4 

S» 

.10 

.47 

.91 

1.50 

2.8 

8.2 

4.3 

6.5 

6.9 

6.8 

.18 

.42 

.84 

1.88 

2.1 

i» 

4.0 

5.1 

6.4 

7.7 

.14 

M 

.67 

1.U 

1.7 

1.4 

8.4 

4.4 

bM 

6.8 

.17 

.55 

.91 

1.4 

1.0 

2.8 

8.7 

4.7 

5.8 

.9 

1.4 

2.0 

2J 

3.4 

4.2 

h 


Weight  of  one  foot  of  lengtk  of  pillar,  ia  poonda. 

J8»     I     1.15     I     1.47     I     1.80     I    2.13     |     2.45    f     2.78     |     3.11     (   tM    (8.77 

Area  of  ring  of  solid  metal,  in  sqpara  tnoheo. 

.146     I    .844      I     .442     |     .540    |     438     |     .786   |    .885     |     J33     |    1.08    (    LIS 


a 

ll 

WBOirOHT  IRON. 

THICKWESB  H  IBTCK. 

.s 

Oater  diameter  in  inehea. 

li 

5 

t     1 

SK       1 

2H    1 

2H   1      s 

S«    1      4     1    4X     (     6 

6« 

• 

2 

BREAKING    LOAD. 

TMfl. 

Tom. 

Tom. 

To«.. 

Tom. 

Too*. 

Tom. 

Too.. 

Tooi. 

Too.. 

Toot 

I 

114 

15.4 

28.3 

SI  .4 

S4.5 

40 

47 

60 

66 

72 

2 

21.1 

144 

274 

80.7 

88.9 

40 

47 

60 

66 

72 

194 

2-i 

16.4 

».7 

8S4 

89 

46 

fiO 

65 

71 

18.6 

2i? 

254 

28.5 

314 

88 

45 

58 

64 

71 

17.0 

10.4 

184 

27.3 

30.7 

87 

44 

57 

70 

15.4 

18.8 

12.1 

25.7 

29.2 

86 

43 

56 

61 

69 

18.9 

17.S 

104 

234 

274 

84 

41 

54 

61 

68 

12.5 

15.6 

19.1 

22.3 

254 

82 

40 

&S 

eo 

67 

11.1 

14.1 

17.5 

204 

144 

80 

88 

51 

66 

65 

10.0 

ISO 

16.1 

19.1 

22.7 

29 

87 

50 

57 

64 

10 

9.0 

10.7 

15.7 

174 

21.1 

27 

.S5 

48 

55 

61 

11 

8.1 

10.6 

18.5 

16.4 

104 

26 

S.'J 

tf 

64 

61 

7.8 

9.6 

12.4 

15.1 

18.2 

24 

81 

44 

62 

SB 

IS 

6.6 

8.8 

11.8 

14.0 

17.0 

2S 

SO 

4S 

61 

57 

14 

15 

64 

8.0 

10.4 

12.9 

16.8 

21 

28 

41 

49 

65 

IS 

16 

5.5 

74 

94 

11.0 

U.6 

20 

27 

40 

47 

54 

18 

16 

4.5 

64 

8.0 

104 

11.7 

18 

24 

87 

43 

SO 

18 

19 

8.8 

5.1 

64 

8.7 

114 

16 

21 

84 

49 

47 

28 

25 

7.9 

12 

16 

27 

38 

89 

25 

to 

IS 

22 

27 

82 

SO 

85 

...... 

10 

18 

22 

27 

85 

40 

14 

18 

28 

40 

46 

,, 

11 

16 

19 

45 

M 

'  .^. 

' 

8 

12 

16 

60 

Weight  of  one 
4.60   \    5.2S      I   5.90     |   8.5S 


fbot  of  length  of  pillar,  in 

I    7.20   I    8.fi0    I    9.83    }    11.1 


12.4   \    18.7    t    164 


▲raa  of  vfag  of  solid  matal,  in  sqnara  inohas 

1.38    )    147      i    I.n     i    1.96    I    2.16   j    2.55    |    2.95    |    8.S4    |    8.78    I    4.12   I    4.61 
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KOUMW  CTUSIIBICAI*  Wm01I«HT  im»M  Bil&ABA. 


Ta%Me  4, 

(CoDtinned.)    (Originml.) 

s 

WBOUOHT  IRON.     THICKNX88  H  INCH. 

.3 

!« 

Outer 

diameter  in  inohee. 

!« 

5 

SH    1     6     1   6H 

1    7 

I  ^H   \    6     \  9H    \ 

9      i 

10 

" 

12 

5 

BREAKING  LOAD. 

Tom. 

Tout. 

Tom. 

Tom. 

Ton*. 

T0D». 

Ton*. 

Tom. 

Ton.. 

TOB«. 

Tom. 

Tom. 

i 

lis 

125 

130 

152 

166 

177 

189 

201 

814 

288 

263 

390 

2 

4 

110 

138 

186 

149 

163 

174 

186 

199 

212 

287 

362 

289 

4 

e 

106 

119 

139 

145 

158 

171 

184 

197 

310 

885 

861 

288 

6 

8 

10! 

114 

137 

140 

154 

167 

181 

194 

207 

383 

358 

384 

8 

10 

95 

106 

133 

186 

149 

162 

176 

180 

203 

328 

354 

280 

10 

li 

80 

103 

116 

13» 

1« 

157 

171 

185 

199 

224 

360 

376 

12 

14 

89 

95 

196 

123 

137 

151 

165 

179 

194 

319 

.  345 

373 

14 

16 

16 

89 

193 

117 

131 

145 

160 

173 

187 

213 

240 

368 

16 

18 

10 

8S 

97 

110 

134 

188 

158 

166 

180 

207 

285 

268 

18 

2C 

64 

77 

91 

104 

117 

131 

145 

159 

173 

201 

227 

257 

20 

S2 

58 

70 

83 

96 

100 

183 

138 

151 

165 

192 

220 

250 

22 

» 

63 

64 

76 

89 

103 

115 

129 

143 

157 

183 

212 

241 

25 

80 

41 

53 

63 

74 

87 

100 

113 

127 

141 

167 

195 

324 

30 

Sft 

S4 

43 

53 

64 

75 

•    8T 

99 

112 

125 

151 

178 

207 

35 

40 

tl 

S5 

44 

58 

64 

75 

86 

96 

110 

185 

168 

190 

40 

45 

ss 

90 

88 

46 

55 

65 

76 

87 

98 

129 

148 

174 

46 

50 

19 

34 

33 

88 

47 

56 

66 

76 

87 

100 

183 

158 

50 

60 

15 

19 

34 

29 

86 

43 

51 

80 

69 

88 

109 

182 

60 

70 

11 

14 

18 

28 

28 

84 

40 

48 

56 

78 

91 

HI 

70 

80 

• 

11 

14 

18 

22 

37 

32 

87 

44 

67 

74 

93 

80 

90 

T 

9 

11 

14 

18 

33 

26 

31 

86 

49 

63 

78 

90 

100 

6 

T 

9 

13 

15 

18 

22 

26 

30 

41 

53 

66 

160 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 
28.6    \   26.2  \   98.8 1   31.4 1   84.0 1   86.6  |   89.3  t   42.0   |   44.7  |   49.7    |   55.0  |   60.3 

Area  of  ring  of  aolid  metal,  in  aqoare  inches. 
T.07    I   7.85  I   8.64  I  9.43 1    10.3 1   llJQ  |    11.8  |    13i^  |    13.4  \   14.9       16.5  |    18.1 


Table  4,  (Continued.)    (OrigiiMa.) 


s 

WBOTTGHT  IBON.    THICKNS8B  1  INCH. 

«! 

p 

Outer  diameter  in  inohea. 

!* 

13 

1* 

15 

1   w 

1     "1     18    1 

90    1 

22   1 

24     I     16    1 

98   1   80 

BBBAKINO  LOAD. 

Tom. 

Tom. 

Tom. 

Tom. 

Tona. 

Tona. 

Tons. 

Tons. 

Ton.. 

Ton.. 

Tom. 

Ton.. 

1 

601 

663 

704 

753 

805 

854 

965 

1056 

1157 

1257 

1857 

1458 

1 

10 

588 

688 

601 

742 

795 

846 

949 

1049 

1149 

1248 

1854 

1467 

10 

90 

54S 

585 

651 

703 

759 

810 

918 

1016 

1120 

1223 

1327 

1430 

20 

80 

479 

588 

594 

645 

699 

T58 

886 

973 

1077 

1186 

1289 

1894 

90 

40 

415 

470 

528 

584 

636 

691 

806 

912 

1027 

1130 

1387 

1348 

*  40 

50 

355 

405 

462 

516 

570 

627 

740 

848 

961 

1067 

1179 

1294 

50 

60 

800 

348 

400 

452 

505 

069 

669 

781 

891 

1005 

1115 

1288 

on 

70 

256 

800 

848 

898 

448 

489 

606 

715 

824 

986 

1046 

1160 

70 

80 

215 

255 

298 

844 

892 

440 

543 

649 

757 

868 

978 

1093 

80 

90 

185 

222 

261 

808 

847 

892 

489 

590 

684 

800 

910 

1083 

90 

100 

157 

190 

225 

262 

803 

845 

436 

532 

631 

735 

843 

965 

100 

110 

134 

162 

193 

227 

264 

802 

386 

474 

668 

666 

770 

on 

110 

125 

111 

135 

162 

192 

325 

259 

886 

416 

506 

598 

697 

790 

135 

150 

83 

101 

123 

145 

171 

198 

262 

328 

405 

485 

574 

616 

150 

175 

63 

78 

95 

112 

133 

155 

208 

266 

381 

<00 

478 

660 

175 

200 

48 

60 

74 

89 

106 

124 

188 

216 

268 

828 

895 

467 

200 

Weight  of  one  foot  of  length  of  pillar,  in  pounds. 

126  i  186  I  147  I  157  I  166  I  178  M9>  |  220  |  241  |  262  |  288  |  304 

Area  of  ring  of  solid  metal,  in  square  inches. 
37.7    I   40.8 1   44.0  \  47.1  }   60.3  |   63.4  t  59.T  |   66.0 1   72.8  |   78.5  |   84.8  |    91.1 

The  br«afciii|r  lomOn  for  lens  tlitekncwieB  may  mMt  be  aaramed  t 

diminUh  at  the  ume  rate  aa  the  thlokaef.. 
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Vable  4tf  roll«4l-im»K  sesmeiit-eolitniiis   of  the  Pbceiiax 
iMMt  Co,  410   Walnat  St,  Pbilada.     For   their 
strengtbs,  seepp  442,  443,  or  formula,  p439,  with  the 
least  radius  of  gyration,  as  given  below,  or  as  obtained 
by  multiplying  D  by  .3636.    The  dlmeiisloiis  given 
are  subject  to  slight  variations  which  are  unavoidable 
in  rolling  iron  shapes.  The  welg'llto  of  columns  given 
are  those  of  the  4,  6,  or  8  segments,  of  which  they  are 
I  composed.   The  $hanhs  of  the  rivets  used  in  joining  them 
I  together,  of  course,  merely  make  up  the  quantity  of  metal 
I  punched  or  drilled  out,  in  making  the  holes ;  but  the  rivet- 
I  heads  add  from  2  to  6  per  cent  tu  the  weights  given.  The 
I  rivets  are  spaced  3, 4,  or  6  ins  apart  from  cen  to 
I  cen.    Prices  of  the  finished  columns  (i88»),  from  4  to 
5^  cts  per  pound,  at  the  works,  according  to  specifica- 
tions, and  varying  with  the  quantity  ordered,  the  length, 
the  ttiickness,  and  the  amount  of  extra  work  required. 
Any  desired  tbiciin<»ss  between  the  min  and 
'  max  for  any  given  size,  can  be  furnished.     We  give  the 
dimensions,  wts,  &c,  corresponding  to  the  principal  thick- 
d  columns  have  8  scipiu    E»  6  seffs.    All  others,  4  se^s. 


Bi 


Bs 


Diameters,  ins, 


D/ 


One  column. 


Area 

of  cross 

sec, 
sq  ins. 


Wtper 

ft  run, 

lbs. 


I^east 
ra^lof 

ins 


Siseof 
Rivets. 


u 

u 

€1 

I* 

u 
u 

M 
11 

u 

M 

W 

14^ 


ift 


3.8 

4.8 

5.8 

6.8 

6.4 

9.2 

12. 

14.8 

7.4 

10.6 

13.8 

17. 

10. 

18. 

26.2 

33.2 

41.2 

16.8 

26.4 

37.8 

49.8 

61.8 


62. 
68. 
02. 


12.6 

16. 

19.3 

22.6 

21.3 

30.6 

40. 

49.3 

24.6 

35.3 

46. 

56.6 

33.3 

60. 

84. 

110.6 

137.3 

56. 

88. 

126. 

166. 

206. 

80. 

120. 

173.3 

226.6 

806.6 


1.45 
1.50 
1.55 
1.59 
1.92 
202 
2.11 
2.20 
2.34 
2.43 
2.52 
2.61 
2,80 
2.98 
3.16 
3.34 
3.52 
4.18 
4.86 
4.55 
4.73 
4.91 
5.45 
5.59 
6.77 
5.96 
6.23 


y  Google 
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ROLLED  CHANNEL'BAR  PILLARS. 


Table  of  ^ntescent  breaking:  loads  In  short  tons  (3000  lbs) 
U  9  as  pills  .       .       - 

Bros  it  Om.  (Union  Iron  Mills.  Pittsburgb.  Penn)  ''  Tables  and  Information  on  Wrought  Iron.' 


of  rolled  cnannel  Iron  LJ  , 


lars  or  struts.    From  Carnegie 


For  manner  of  use  see  the  paragraph  above  the  preceding  table.    Hgd,  fxd,  mean  binced,  fixed. 

The  headings  12  Hy,  12  Mm,  <&c,  mean  12  inch  heavy,  and  12  inch  mediom 
chaDuels.  SIdewajr  means  aerom  the  web;  Ed|r«wajr  means  aloag  the 
web. 


Length  of  Strut. 

12  Hy.  1 

12  Mm. 

10  Hy.  1 

10  Mm. 

Both 

Both 

side 

Edge 

Side 

Edge 

^il 

Kdge 

Side 

Edge 

ends 

Ifxd. 

ends 

Way. 

Way. 

Way. 

Way. 

Way. 

Way. 

Way. 

fixd. 

Ihgd. 

T: 

Sht 

Sht 

Sht 

Sht 

Sht 

Sht 

.Sht 

Sht 

Ft. 

Ft. 

Tons. 

Tons. 

Tom. 

Tons. 

Tons. 

Ton*. 

Tons. 

Tmia. 

1 

268 

270 

160 

160 

187 

189 

121 

IM 

2 

1.5 

260 

268 

154 

160 

181 

180 

118 

188 

4 

3. 

235 

266 

135 

160 

161 

188 

104 

128 

• 

4.5 

200 

264 

112 

160 

135 

187 

87 

129 

8 

6. 

168 

262 

90 

150 

111 

186 

71 

129 

10 

7.5 

138 

260 

72 

159 

90 

186 

67 

121 

13 

9. 

114 

256 

60 

169 

76 

188 

46 

191 

14 

10.5 

95 

256 

47 

158 

60 

181 

88 

120 

16 

12 

79 

264 

88 

156 

50 

178 

81 

118 

18 

~LLo 

66 

253 

82 

155 

41 

176 

26 

116 

SO 

15. 

56 

353 

27 

153 

n 

174 

92 

116 

ss 

16.5 

48 

349 

23 

151 

19 

lis 

S4 

18. 

41 

246 

20 

149 

27 

167 

16 

111 

96 

19.5 

36 

243 

17 

147 

24 

163 

14 

109 

28 

21. 

82 

230 

16 

146 

30 

159 

12 

IW 

80 

33.5 

28 

335 

13 

143 

17 

156 

11 

106 

S2 

24. 

25 

230 

11 

140 

16 

153 

10 

108 

84 

25.5 

33 

226 

10 

188 

.14 

149 

9 

100 

86 

27. 

21 

222 

9 

136 

18 

146 

8 

96 

88 

285 

19 

218 

8  . 

134 

11 

143 

7 

96 

40 

80. 

30 

17 

218 

T 

132 

10 

140 

f 

14 

»Hy.    1 

9  1Im.  1 

8Hy.   1 

8BI 

Im. 

160 

162 

96 

97 

184 

135 

86 

86 

1.5 

1 

15* 

161 

93 

97 

180 

134 

88 

86 

8. 

2 

134 

160 

80 

96 

112 

133 

70 

86 

4.5 

8 

110 

159 

65 

96 

91 

1.12 

67 

84 

6. 

4 

90 

158 

53 

95 

72 

131 

45 

84 

10 

7.5 

5 

72 

157 

42 

95 

68 

130 

86 

83 

13 

9. 

6 

58 

154 

S3 

94 

46 

127 

28 

88 

14 

10.5 

7 

47 

150 

27 

93 

•HO 

126 

23 

82 

16 

12. 

8 

38 

147 

22 

92 

25 

123 

19 

81 

18 

13Ji 

9 

32 

143 

18 

91 

31 

120 

16 

80 

to 

15. 

10 

27 

140 

15 

90 

19 

118 

13 

78 

23 

16.5 

11 

23 

1.38 

13 

88 

17 

115 

11 

76 

24 

18. 

12 

20 

136 

11 

86 

16 

112 

10 

74 

26 

19.5 

IS 

17 

134 

9 

84 

18 

109 

8 

79 

28 

21. 

14 

15 

181 

8 

82 

12 

106 

7 

70 

80 

22.5 

15 

13 

129 

7.8 

80 

10 

102 

6 

68 

82 

24. 

n 

12 

126 

6.6 

78 

• 

99 

6.6 

66 

84 

25.5 

17 

11 

122 

5.9 

76 

8 

96 

5 

64 

86 

27. 

18 

10 

118 

6.2 

74 

7.4 

08 

4.6 

69 

88 

28.5 

19 

9 

115 

4.6 

72 

6.7 

89 

4 

60 

40 

80. 

20 

8 

111 

8.8 

70 

6.0 

86 

tA 

68 

7  My.     1 

7  Mm. 

6  Hy. 

51 

Ky.  r 

1 

105 

106 

75   1   76 

64   1   65 

68 

64 

3 

1.5 

1 

108 

IM 

78 

76 

61 

64 

60 

64  ' 

4 

8. 

2 

87 

105 

61 

75 

48 

63 

41 

68 

6 

4.5 

8 

70 

104 

40 

74 

88 

62 

81 

69 

8 

6. 

4 

56 

104 

89 

74 

26 

61 

24 

n 

10 

7.6 

5 

43 

103 

80 

73 

90 

60 

18 

60 

18 

9. 

6 

84 

MM 

24 

72 

16 

49 

14 

« 

14 

10.5 

7 

27 

96 

71 

IS 

48 

.  11 

47 

16 

12. 

8 

23 

96 

70 

10 

47 

8.8 

46 

18 

18.5 

9 

18.2 

94 

68 

8 

46 

7.2 

48 

20 

15. 

10 

15.5 

92 

66 

7 

45 

6 

41 

23 

16.6 

11 

13.5 

69 

64 

• 

44 

6 

40 

24 

18. 

13 

12 

86 

62 

6 

42 

4.8 

88 

26 

19.6 

IS 

10.5 

83 

60 

4.6 

40 

8.7 

Si 

28 

21. 

14 

9 

80 

'   58 

4. 

88 

8.9 

84 

SO 

22.5 

15 

7.5 

77 

56 

8.6 

87 

1.8 

88 

83 

24. 

16 

6.9 

75 

64 

8. 

86 

9.6 

81 

84 

25.5 

17 

6.2 

72 

52 

9.6 

86 

9.9 

89 

86 

27. 

18 

6.6 

69 

60 

8.8 

84 

9.6 

« 

86 

22^ 

19 

6.0 

66 

48 

9.1 

88 

L8 

m 

40 

80. 

20 

4.6 

68 

46 

l.t 

St 

1.1 

u 
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STRENGTH    OP   IRON   PILLARS.  467 

In  arelies  of  cast  Iron  for  brldgres,  Ac,  ft  is  usual  among  English 
engineers  not  to  allow  mure  than  2^  tous  (5000  lbs)  of  compression,  or  tlirust.  per  sq 
iuch.  Brunei  never  subjected  cast-iron  pillars  to  more  than  IV^  tons  (3300  As)  |)er 
sq  inch.  C.  Slialer  Smith  employs  as  maximum  working  strains,  ^  of  the  calcoo 
lated  breaking  strain  for  such  hollow  cliords  and  posts  of  bridges  ws  are  1  inch  or 
more  in  thickness,  and  not  more  than  15  diams  long.  For  posts,  only  f ;  when  not 
less  tlian  %  inch  thick,  nor  more  than  25  diams  long ;  or  from  ^  to  ^,  when  ^ 
thick  or  less,  and  more  than  25  diams  long. 

~  The  yonnip  engrln««r  mast  bear  In  mind  that  the  breakg  and  the 
safe  loads  per  sq  inch,  of  pillars  of  any  given  material,  are  not  constant  quantities : 
but  diminish  as  the  piece  becomes  longer  in  proportion  to  its  diam.  If  a  Tory  long 
piece  or  pillar  be  so  braced  at  intervals  as  to  prevent  its  bending  at  those  pointa, 
tlien  its  length  becomes  virtually  diminished,  and  its  strength  increased.  Thus,  if  a 
pillar  100  ft  long  be  sufficiently  braced  at  intervals  of  20  ft,  then  the  load -sustained 
may  be  that  due  to  a  pillar  only  20  ft  long.  Therefore,  very  long  pillars  used  for 
bridge  piers,  Ac,  are  thus  braced;  as  are  also  long  horizontal  or  inclined  pieces, 
exposed  to  compression  in  the  form  of  upper  chords  of  bridges ;  or  as  struts  of  any 
kind  in  bridges,  roofii,  or  other  structures. 

Mistakes  are  sometimes  made  by  assuming,  say  5  or  6  tons  per  sq  inch,  as  the  safe 
compressing  load  for  cast  iron  ;^  tons  for  wrought;  1000  pounds  for  timber ;  without 
any  regard  to  the  length  of  the  piece. 

But  although  the  final  crushing  loads,  as  given  In  tables  of  strengths  of  materials, 
are  usually  those  for  pieces  not  more  than  aliont  2  diams  high,  they  will  not  be  much 
less  for  pieces  not  exceeding  4  or  6  diams. 

Cautions.  Remember  a  heavily  loaded  cast-iron  pillar  is  easily  broken  by  a 
side  blow.  Cast-iron  ones  are  subject  to  hidden  voids.  All  are  subject  to  jars  and 
vibrations  from  moving  loads.  It  very  rarely  happens  that  the  pres  is  equally  dis- 
tributed over  the  whole  area  of  the  pillar ;  or  that  the  t<^  and  liottom  ends  have  per- 
fect bearing  at  every  part,  as  they  had  in  the  experimental  pillars.f  Cast  pillars  are 
seldom  perfectly  straight,  and  hence  are  weakened. 

Ifollow  pillars  Intended  to  bear  heavy  loads  should  not  be  cast 
with  such'  mouldings  as  <i  a ;  or  with  very 
projecting  bases  or  caps  such  as  p.  Fig  19. 
It  is  plain  that  these  are  weak,  and  would 
break  off  under  a  much  less  load  than 
would  irynre  the  shaft  of  the  pillar.  When 
such  projecting  ornaments  are  required, 
they  should  be  cast  separately,  and  be  at- 
tached to  a  prolongation  of  the  shaft,  as 
ed,  by  iron  pins  or  rivets. 

Ordinarily,  it  is  better  to  adopt  a  more 
simple  style  of  base  and  cap,  which,  as  at 
6,  can  be  cast  in  one  piece  with  the  pillar, 
without  weakening  it. 

Hodginson  states  tluit  while  the  quantity  of  material  it  the  Mm  .^^^^^^ 

in  Uoth  pillars^  no  strength  is  gained  in  hoUow  ones  by  making 
the  diams  ipreater  at  the  middle  thnn  at  the 
ends  ;  but  that  in  wiUd  ones,  toiih  rounded  enda^  there  is  a  gain 
of  aboat  ith  part;  and  in  those  with  flat  end*,  of  about  Jth  or  ^fiT-  2. 
^th  part,  by  making  the  diam  at  the  middle  about  1^  or  2  times 
that  at  the  ends.    Aleo  that  a  uniform  ronnd  pillar  has  the  same  i 

strength  as  a  moderately  tapering  one  whose  diam  at  half-way  up  / 

is  equal  to  the  uniform  diam  of  the  cylindrical  one.  u7 

Also,  that  when  a  flat-euded  pillar.  Fig.  2,  is  so  irregularly       ^^^^^^^ts. 
fixp^  tliat  the  pressure  upon  it  passes  along  its  diagonal  a  a,  it 
loses  two-thirds  of  its  strength.    Hence  the  necessity  for  equalizing,  as  far  as  possi- 
ble, the  pressure  over  every  part  of  the  top  and  bottom  of  the  pillar ;  a  point  very 
difficult  to  secure  in  practice. 

tin  important  cases,  both  ends.should  be  planed  perfectly  true; 
done  in  iron  bridges,  ke. 
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Steel  pillars.  Mr.  Kirkaldy  experimented  with  a  smiUl  steel  pillar  or  tnlie 
of  Bhortridge,  Howell  A  Go's  homoKeneous  metal.  Its  length  was  4  ft,  or  25.6  dinms : 
onter  diHin  1%  inch:  inner  diam  iV^;  thickness  %  inch.  Area  of  cross-«ectioD  1% 
sq  ins.  Vhit  ends.  Under  67300  lbs,  or  30  tons  total  pressure,  or  17.14  tons  per  sq 
inch  of  solid  metal  section,  it  bent  rery  slightly.  On  increasing  the  pressare  con- 
siderably, the  pillar  sprang  out  from  under  the  load.  Onr  table,  page  444,  gires  24U 
tons  total,  or  13  tons  per  sq  inch,  as  the  ultimate  load  for  a  wrought-iron  tube  of  the 
same  siie. 

Mr.  M.  O.  Lore,  Paris,  as  the  result  of  a  trial  with  small  steel  ro4s,  about  .4 
inch  diam,  and  which  tutd  a  tensile  strength  of  48  tons  per  sa  inch,  suggests  that  the 
comparative  strength  of  pillars  of  wrought  iron,  cast-iron,  and  steel,  are  probably 
about  as  follows :  At  from  1^  to  5  diaius  in  length,  steel  and  cast-irou  ones  hare 
equal  strengtlis ;  aQd  either  of  them  is  about  twice  as  strong  as  wrought  iron.  At  10 
(lianis,  steel  is  1%  times  as  strong  as  cast ;  and  2.2  times  as  strong  as  wroaght  iron. 
At  40  diams,  steel  is  4  times  as  strong  as  cast ;  and  2.7  as  strong  as  wrought.  But 
this  needs  confirmation.  Now  that  powerful  and  accurate  testing  machines  are 
coming  more  into  use,  we  may  hope  that  the  doubts  at  present  existing  <»i  such 
subjects  will  be  set  at  rest. 

Mr  Stoney  advises  that  until  then  steel  pillars  should  not  be  trusted 
with  more  than  1.5  the  loads  of  wrought  iron  ones. 


WOODEN  PILLABS. 


The  strengths  of  pillars,  as  well  as  of  beams  of  timber,  depend  mneh  on  their  de* 
Kree  ol  seasoning:.  Hodgkinson  found  that  perfectly  seasoned  bloeka,  2  diams 
long,  required,  in  many  eases,  twice  as  gnat  a  load  to  crush  them  as  when  only 


moderately  dry.    This  should  be  borne  in  mind  when  building  with  green  timber. 

In  important  practice,  timber  should  not  be  trusted  with  more  than  hi  to  i^  of  its 
calculated  crushing  load ;  and  for  temporary  purposes,  not  more  than  }^  to  ^. 

Mr.  diaries  Sbaler  Smith,  C.  E*.  of  St.  liOnls,  prepared  the 
fbllowinfp  formnia  for  the  breaking  loads  of  either  square  or  rectangular 
pillars  or  posts,  of  moderately  seasoned  white,  and  common  yellow  pine,  with  flat 
ends,  firmly  fixed,  and  equally  loaded,  based  upon  experiments  by  himself. 

It  is  Oordon*s  formula  adapted  to  those  woods;  and  gives  results  considerably 
smaller  than  Hodgkinson's,  It  is  tnerefore  safer. 

Call  either  side  of  the  square,  or  the  least  side  of  the  rectangle,  the  breadih.   Then, 


Rule. 


Breakg  load  in  lbs,  per  1       ^^^^ 

sq  inch  of  area,  of  a     V  =»  ,    .    /sq  of  length  in  ins        _^,\ 
pillar  of  W  or  Y  pine  J     ^  +  Uof  breadth  in  ins^  '^) 


Or  in  words,  square  the  length  in  ins ;  square  the  breadth  in  ins;  dir  the  first  square 

by  the  second  one;  mult  the  quot  by  .004 ;  to  the  prod  add  1 ;  div  5000  by  the  sum. 

Ex.  Breakg  load  per  sq  inch,  of  a  white  pine  pillar  12  ins  square,  and  SO  ft,  or  960 

ins  long.    Here  the  sq  of  length  in  ins  is  36(F  =  120600.   The  square  of  the  breadth  is 

-.y      ^^^        ^129600  6000 

12«  =s  144 ;  and  -^^  =  900 ;  and  900  X  ^1  =  3.6 ;  and  3,6  +  1 »  4.6.  FinaUy,  j^ 

=3 1087  lbs,  the  reqd  breakg  load  per  sq  in.  As  the  area  of  the  pillar  is  144  sq  ins, 
thH  entire  breakg  loiui  is  10S7  X  144  =  156628  lbs,  or  69.9  tons. 

Kecent  experiments  on  wooden  pillars  20  ft  long,  and  13  ins  square,  by  Mr. 
Kirkalily,of  Kngland,  confirm  the  far  greater  reliability  of  Mr.  Smithes  forninla. 
il»uce  we  present  the  following  new  st^t  of  original  tables  based  upon  it. 

For  solid  pillars  of  cast  Iron  and  of  pine,  whose  heights  range 
from  5  to  60  times  their  side  or  diam,  we  may  say,  near  enou^  for  practice,  that  a 
cast  iron  one  is  about  16^  times  as  strong  as  a  pine  one ;  but  no  such  iq)proximate 
ratio  holds  good  between  wrought  iron  and  pine,  or  between  east  and  wrought  iron. 

t  The  brMktng  kMd  la  lbs  per  aq  laoh  hi  short  Uooks.  by  Mr.  SaUih. 
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Tmble  •f  bre«klii|r  IimmU  In  tons  of  M|nare  pillars  of  half 
■eaaanctl  wlilte  ^  eomuMm  yellow  pine  flrnUjr  flxcti  mnd 
o^nmlly  loiMled.    By  G.  SUaler  Smith's  formula.    (Origiual.) 


Side  of  square  pine  pillar,  in  Incites. 


1     I   IX    I  iH   I  IX   I    a     I   ««   I   2.4   I   «H   I     *     I  *«   I  8«   I  s«    I     4 


BREAKING  LOAD. 


Toot. 
1.42 
1.17 
.97 
.81 
.68 
.57 
.49 
.42 
.86 
.28 
.22 
.18 
.16 
.12 
.10 
.09 
.08 
.07 
.06 
.05 


Ton*. 

2.54 

2.22 

\M 

1.66 

1.44 

1-24 

1.07 

.93 

.82 

.63 

.50 

-40 

.84 

.28 

.24 

.21 

.18 

.16 

.14 

.12 

.11 

.10 


Tons. 

8.99 

8.59 

8.19 

2.81 

2.48 

2.19 

1.98 

1.71 

1.52 

1.21 

.98 

.81 

.68 

.57 

.49 

.43 

.37 

.88 

.29 

.26 

.28 

.21 

.19 

.17 

.16 

.14 

.18 


Tool. 

5.73 

5.26 

4.80 

4.35 

8.92 

8.58 

3.16 

2.85 

2.65 

2.07 

1.70 

1.42 

1.19 

1.02 

.86 

.74 

.66 

.50 

.52 

.47 

.42 

.87 

.84 

.81 


Tons. 

7.80 

7.25 

6.74 

6.19 

5.66 

5.1T 

4.70 

4.29 

8.89 

8.28 

2.70 

2.28 

1.94 

1.67 

1.44 

1.26 

Ml 

.96 

.87 

.78 

.71 

.64 

.58 

.53 

.48 

.44 

.41 

.35 

.81 

.27 

.24 


Tons. 
10.1 

9.6 

9.0 

8.4 

7.8 

7.2 

6.7 

6.2 

5.6 

4.8 

4.0 

3.4 

8.0 

2.6 

2.8 

2.0 

1.8 

1.6 

1.4 

1.2 

l.l 

1.0 
.98 
.86 


Toot. 

12.8 

12.2 

11.6 

10.9 

10.2 

9.6 

89 

8.3 

7.6 

6.6 

6.7 

4.9 

4.2 

8.7 

8.3 

2.9 

26 

2.3 

2.0 

1.8 

1.6 

1.5 

1.4 

1.8 

1.2 

1.1 

1.0 
.84 
.70 
.63 
.57 
.50 
.45 


Toot. 

15.7 

16.1 

14.5 

13.7 

12.9 

12.8 

11.5 

10.8 

10.0 
8.8 
7.7 
6.7 
5.8 
6.1 
4.6 
4.1 
86 
8.3 
2.9 
2.6 
2.8 
2.1 
2.0 
1.8 

'  1.7 
1.5 
1.4 
1.2 
1.0 
.91 
.78 
.70 


Tods. 

Toot. 

Toot. 

Toot. 

18.9 

22.8 

26.1 

80.1 

18.8 

21.7 

26.4 

29.2 

17.6 

21.0 

24.7 

28.6 

16.8 

20.2 

23.9 

27.8 

16.9 

19.8 

28.0 

26.9 

16.2 

18.6 

22.0 

26.8 

14.8 

17.6 

21.1 

24.9 

18.6 

16.7 

20.1 

28.8 

12.7 

16.8 

19.2 

22.9 

11.8 

14.2 

17.4 

20.9 

9.9 

12.7 

16.7 

19.9 

8.8 

11.4 

14.1 

17.2 

7.7 

10.0 

12.6 

15.5 

6.8 

8.9 

11.8 

14.0 

6.1 

8.0 

10.2 

12.7 

6.4 

7.2 

9.2 

11.6 

4.9 

6.6 

8.3 

ia6 

4.4 

6.9 

7.6 

9.6 

8.9 

6.2 

6.6 

8.7 

8.6 

4.6 

6.2 

7.9 

8.2 

4.8 

6.6 

7.2 

2.9 

8.9 

6.1 

6.6 

2.7 

8.6 

4.7 

6.1 

2.5 

8.4 

4.4 

5.7 

2.3 

8.1 

4.1 

5.3 

2.1 

2.9 

8.8 

4.9 

2.0 

2.7 

8.4 

4.5 

1.7 

2.8 

8.1 

4.0 

1.4 

2.0 

2.7 

8.5 

1.2 

1.7 

3.4 

3.1 

1.1 

1.5 

2.1 

2.7 

1.0 

1.4 

1.9 

2.4 

.92 

1.3 

1.7 

2.2 

.76 

1.0 

1.4 

1.8 

Toos. 
34. 5 
38.7 
83.0 
32.1 
31.2 
80.1 
29.1 
26.0 
270 
24.8 
«.7 
20.7 
18.8 
17.1 
15.6 
14.2 
12.9 
11.8 
10.8 
9.9 
9.1 
84 
7.8 
7.2 
67 
6.2 
5.8 
5.0 
4.4 
8.9 
8.5 
8.1 
2.8 
2.8 


H 
11 
H 

12 
18 
14 
15 
16 
17 
18 
20 


Side  of  square  pine  pillar,  in  inches. 


*H  \  *H   \  *H   \    6     I   5M   I  6«   I  6H   I     6     \  9}i   \  iH   \  6H   \     7  |   7K 


Toot. 

35.8 

81.4 

268 

22.6 

18.9 

15.8 

13.8 

11.3 

9.7 

8.3 

7.2 

6.2 

S.6 

4.8 

4.4 

4.0 

3.6 

3.8 

3.0 

2.5 


BREAKING  LOAD. 

To 
75 
70 


Tooa. 

Ton«. 

Toot. 

Too$. 

Toos. 

Toi«. 

40.6 

45.7 

51.1 

56.8 

62.8 

60.6 

86.1 

41.1 

46.2 

51.8 

57.7 

63.t 

81.2 

85.9 

40.8 

46.1 

51.7 

57J 

26.5 

80.8 

85.4 

40.5 

45.8 

;a 

22.5 

26.4 

80.5 

85.2 

40.1 

19.0 

22.6 

26.2 

30.5 

85.0 

s.t 

16.1 

19.2 

22.5 

26.8 

80.4 

13.7 

16.5 

19.5 

22.9 

26.6 

8o.y 

11.8 

14.2 

16.9 

19.9 

23.2 

26J 

10.2 

12.4 

14.8 

17.5 

20.4 

23.8 

8.8 

10.7 

12.9 

15.4 

18.0 

214 

7.7 

9.4 

11.4 

ia.6 

16.0 

18J 

6.8 

8.3 

10.1 

12.1 

14.2 

16.7 

6.0 

7.4 

9.0 

10.8 

12.7 

15.0 

5.4 

6.7 

8.1 

9?8 

11.5 

13.6 

4.9 

6.1 

7.3 

8.8 

10.4 

12.8 

4.4 

6.5 

6.6 

8.0 

9.4 

11.2 

4.0 

5.0 

60 

7.8 

8.6 

10  2 

8.7 

4.6 

5.5 

6.6 

7.8 

9.3 

3.0 

8.8 

4.6 

5.6 

6.6 

7.9 

2.6 

8.2 

8.9 

4.7 

5.6 

6.7 

2.2 

2.8 

3.4 

4.1 

4.9 

5.8 

1.9 

2.4 

2.9 

8.5 

4.2 

5.1 

1.7 

2.1 

2.6 

8.1 

8.7 

4.4 

1.5 

1.9 

2.3 

2.7 

3.2 

3.9 

IJI 

1.7 

2.0 

2.4 

2.9 

8.6 

1.2 

1.5 

1.8 

2.2 

2.6 

8.1 

1.1 

1.3 

1.6 

2.0 

«  2.4 

2.8 

1.0 

1.2 

1.5 

1.8 

2.1 

2.6 

Jf 


9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


Cootioued  oo  oext  page. 
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STRENGTH  OF   WOODEN   PILLARS. 


Table  of  breftklnip  loads  in  tons  of  square  pine  pillars,  with 
flat  ends  firmlsr  fixed,  and  eqnallsr  loaded.    (Continued.) 

Original. 


u 

Side  of  square  pine  pillar.  In  Inches. 

P§  a 

IH 

1    7«    1     8 

S^   \  6H   \  6H  \  9     \   9H   \   SH   \  9H   \    10    \10H 

BREAKING  LOAD. 

Ton.. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons 

S 

iao.6 

129.1 

187.9 

147.0 

156.8 

165.9 

175.8 

186-0 

196.4 

207.2 

218.3 

229.5 

4 

107.9 

11«S 

125.0 

138.9 

14S.0 

152.6 

163.4 

172J> 

182.8 

198.4 

204.2 

215.3 

ff 

91.7 

99.7 

108.0 

116.5 

125.3 

184.& 

143.5 

153.0 

162.8 

178.5 

184.4 

105.6 

8 

7i.9 

89.2 

90.8 

98.7 

106.8 

115.5 

124.4 

133.6 

148.0 

153.0 

163.2 

178.7 

10 

63.0 

68.5 

76.8 

82.4 

89.7 

97.7 

105.8 

114.8 

128.0 

183.8 

141.8 

151.6 

17 

50.7 

56.5 

62.5 

68.7 

75.1 

82.2 

89.6 

9T.2 

105.0 

1135 

122.2 

131.2 

14 

41.8 

46.7 

51-9 

57.8 

62.9 

69.2 

75.7 

82.4 

89.4 

97.1 

105.0 

113.2 

1« 

S4.7 

98.9 

48.4 

48.1 

53.0 

.W.5 

64.3 

70.3 

76.5 

88.8 

90.4 

97.7 

18 

39.1 

32.7 

86.6 

40.7 

45.0 

49.8 

54.9 

60.1 

65.6 

71.7 

78.0 

84.6 

20 

24.0 

27.7 

81.1 

84.7 

38.5 

42.7 

47.2 

51.8 

56.7 

63.0 

67.6 

73.5 

2S 

19.« 

22.1 

34.8 

27.7 

80.9 

34.4 

38.0 

41.9 

46.0 

50.6 

55.3 

60.2 

M 

15.8 

17.8 

20.1 

22.5 

25.2 

28.1 

SI.l 

84.4 

87  9 

41.6 

45.6 

49.8 

•29 

1S.1 

14.8 

16.7 

18.7 

20.9 

2.1.4 

25.9 

28.6 

81.6 

84.9 

38.2 

41.9 

32 

10.9 

12.3 

18.9 

15.7 

17.6 

19.7 

21.8 

24.2 

26.7 

29.5 

82.8 

35.5 

Sft 

9.S 

10.6 

11.9 

18.4 

15.0 

16.8 

18.7 

20.7 

22.8 

25.2 

27.7 

80.5 

88 

8.0 

9.1 

10.2 

11.5 

12.9 

14.6 

16.8 

18.0 

19.7 

21.8 

2:t.tf 

26.8 

41 

0.9 

7.9 

8.9 

10.0 

11.2 

12.6 

14.1 

15.6 

17.2 

19.1 

21.0 

23.1 

44 

8.0 

6.9 

7.8 

8.8 

9.8 

11.0 

12.3 

13.6 

15.0 

16.7 

18.4 

20.2 

50 

4.T 

5.4 

6.1 

M 

7.7 

8.8 

10.0 

11.8 

12.6 

13.7 

14.9 

16.2      . 

...       ,rw 

Side  of  square  pine  plUar,  In  Inches 

. 

ma 

10«  1   11    1  UH  1  llH  I  ll«  1    12    1 

1  io« 

11 

llji  1  UH  1  UH 

1    13 

BREAKING  LOAD. 

BREAKING  LOAD. 

Tons. 

Tons. 

Tons. 

Tods. 

Tods. 

Tods. 

Tons. 

Tods. 

Tods. 

Tons. 

Tons. 

Tons. 

4 

238.9 

251.0 

268.2 

275.9 

288.8 

80'2.1 

26.5 

28.6 

.11.1 

33.8 

86.7 

80.9 

43 

6 

218.8 

2.10.6 

242J 

255.2 

367.9 

281.0 

24.2 

26.4 

28.7 

81.2 

33.9 

86.8 

44 

8 

195.5 

207.0 

218.5 

230.4 

242.5 

255.1 

22.4 

24.3 

26.4 

28.7 

81.3 

88.9 

46 

10 

172.3 

188.0 

194.1 

305.6 

217.3 

239.5 

».7 

32.6 

24.5 

26.7 

38.9 

81.4 

48 

12 

150.3     160.3 

170.7 

181.6 

192.5 

204.0 

19.2 

30.9 

227 

24.7 

36.8 

89.2 

60 

14 

180.5 

139.8 

149  4 

159.4 

169.6 

180.2 

17.8 

19.5 

21.1 

83.0 

SS.0 

n.3 

58 

16 

113.2 

121.7 

1.10  4 

139.6 

149.0 

158.8 

16.6 

18.2 

19.7 

31.6 

23.3 

35.4 

64 

18 

96.7 

106.2 

114.1 

122.5 

131.0 

140.0 

15.5 

17.0 

18.4 

30.1 

21.8 

ZS.7 

&• 

30 

86.3 

93.9 

100.0 

107.6 

115.4 

123.6 

14.5 

15.9 

17.2 

18.8 

30.4 

St.2 

68 

22 

75.6 

81.7 

88.1 

96.0 

102.0 

109.5 

13.6 

14J 

16.2 

17.7 

19.2 

9Ql9 

•0 

24 

66.7 

72.2 

77.9 

84.1 

90.5 

97.8 

11.8 

12.9 

13.9 

15.3 

16.5 

18.0 

66 

26 

59.1 

64.0 

09.S 

74.9 

806 

86.8 

10.1 

ll.l 

12.0 

13.3 

14.8 

15.6 

70 

28 

62.8 

57.1 

61.8 

66.9 

72.1 

77.7 

8.9 

9.8 

10.6 

11.6 

12.5 

18.7 

75 

80 

47.0 

51.1 

56.8 

60.0 

64.7 

69.9 

78 

8.6 

9.4 

10.3 

11.1 

13.1 

80 

82 

42.1 

'46.0 

49.9 

54.0 

5H.4 

63.0 

70 

7.7 

8.4 

9.1 

9.9 

10.7 

85 

84 

38.2 

41.5 

46.0 

48.8 

62.8 

57.1 

6.2 

6.8 

1.4 

&1 

8.8 

9.6 

90 

86 

.14.6 

3T.7 

40.9 

44.3 

48.0 

51.8 

5.6 

6.1 

6.7 

7.8 

8.0 

8.7 

S5 

88 

81.5 

84.2 

87.2 

40.4 

43.9 

47.4 

6.1 

5.6 

6.1 

6.6 

7.2 

7.8 

100 

40 

28.8 

31.8 

84.0 

87.0 

40.1 

48.5 

8.5 

3.9 

4.3 

4.6 

5.0 

&.1 

190 

Continued  on  next  page. 

Remarhs.   Mr  Klrhaldy  found  for  Rl|ra  and  Dantsle  firs, 

20  ft  long,  and  13  ins  square,  (or  18^  sides  high,)  148  and  138  tons  toUl ;  or  .876 
and  .817  tons,  (1963  and  1829  lbs,)  per  sq  inch.    Mr  Smith's  rule  gives  for  common 

J>ine,  160  tons  total ;  or  .947  ton,  or  2121  Btg,  per  sq  inch.    Hodglunson  would  give 
or  Riga  about  297  tons  total. 

Each  of  Mr  Kirkaldy's  20-ft  pillars  shortened  about  .6  of  an  inch  total :  or  .03 
inch  per  ft;  or  i^of  an  inch  in  4  ft  2  ins,  under  a  mean  of  1900  lbs  per  sq  inch. 

The  writer  has  known  8  unbraced  pillars  of  hemlock,  tolerably  seasoDed, 
12  ins  square,  and  42  ft  high,  to  be  gradually  loaded  each  with  32  tons,  or  71680 
lbs  total ;  (or  .2222  ton,  or  498  lbs  per  sq  inch)  without  appreciable  yielding.  As- 
suming their  strength  and  stiffness  to  be  about  as  for  Mr  Smith's  pine,  (as  in  all 
>ur  tables,)  they  should  by  him  yield  at  39.9  tons  total.  With  these  same  <//r/a, 
'?ii^.  Hodgklnson's  formula,  thev  should  yield  at  69.3  tons;  and  vith 
lodgWnson's  own  data,  for  sea-soned  red  cfeal,  at  91.6  tons.  S«o  Bemarka,  p  402. 
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.  Tf*le  •£  iMfiktey  loads  is  tottft^tf  MIVMM  pilteM  •f  iMrtf- 
uettmmed  wlitte  mr  cAHunon  yellow  yino,  wUli  fliU  endm 
ilniif;ir  fixed,  and  eqaalljr  loaded.  By  G.  Shaler  Smith's  formula. 
(Continued.) 

As  this  table  was  partly  made  by  interpolation,  the  last  figure  is  not  always  pre- 
cisely correct. 

Original. 


H 

Side  of  square  pine  plUar  tn  Inehes. 

n 

a£ 

13  1  14  1  16  1  16  1  17  1  18  1  19  1  20  1  21  1  22  1  23  1  24 

ms 

BBEAKIKa  LOAD. 

T«M. 

Tons. 

Tom. 

Tons. 

Ton*. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tens. 

Tons. 

4 

368 

418 

482 

652 

626 

703 

786 

872 

964 

1060 

1161 

1265 

4 

6 

S* 

394 

466 

526 

599 

676 

760 

»8*7 

938 

1033 

1134 

1236 

6 

8 

3b6 

867 

429 

600 

672 

649 

732 

818 

910 

1005 

1106 

1208 

8 

10 

281 

339 

400 

466 

637 

612 

604 

780 

870 

964 

1064 

1166 

10 

12 

262 

307 

365 

432 

602 

576 

656 

740 

829 

922 

1022 

1124 

12 

14 

226 

277 

383 

397 

464 

536 

614 

696 

784 

876 

973 

1074 

14 

16 

201 

250 

303 

363 

428 

497 

673 

652 

739 

829 

925 

1024 

16 

18 

179 

224 

274 

331 

392 

468 

631 

608 

692 

780 

873 

972 

18 

20 

160 

201 

248 

301 

359 

422 

492 

566 

647 

732 

822 

919 

20 

32 

143 

182 

224 

274 

829 

388 

466 

526 

604 

686 

773 

866 

22 

24 

127 

183 

203 

249 

801 

367 

421 

488 

663 

642 

726 

816 

24 

26 

116 

148 

184 

226 

276 

328 

380 

453 

623 

599 

680 

767 

26 

28 

103 

133 

167 

206 

262 

302 

369 

420 

490 

560 

638 

721 

28 

80 

98 

121 

152 

189 

281 

278 

332 

389 

453 

522 

597 

677 

30 

82 

84 

109 

138 

173 

212 

256 

307 

361 

421 

487 

658 

636 

32 

34 

76 

99 

126 

159 

196 

287 

284 

335 

392 

455 

623 

697 

34 

36 

60 

91 

116 

146 

180 

219 

264 

313 

366 

426 

490 

660 

36 

88 

63 

84 

107 

134 

166 

203 

246 

290 

341 

397 

468 

626 

88 

40 

68 

77 

99 

124 

154 

188 

227 

270 

318 

372 

429 

494 

40 

42 

64 

71 

91 

115 

143 

176 

212 

253 

298 

349 

403 

466 

42 

44 

60 

66 

84 

107 

133 

163 

198 

236 

280 

328 

380 

438 

44 

46 

40 

61 

78 

99 

128 

162 

186 

221 

268 

306 

868 

413 

46  • 

48 

43 

57 

73 

92 

116 

142 

173 

207 

247 

290 

837 

389 

48 

iO 

40 

68 

68 

86 

107 

138 

162 

194 

231 

272 

817 

867 

50 

62 

87 

60 

64 

81 

101 

124 

162 

182 

217 

256 

300 

347 

62 

64 

36 

47 

60 

76 

95 

117 

144 

172 

206 

242 

283 

828 

64 

66 

83 

44 

66 

Tl 

89 

110 

186 

168 

193 

228 

267 

810 

66 

68 

81 

41 

62 

6T 

84 

103 

187 

163 

182 

216 

256 

294 

68 

60 

29 

38 

49 

63 

79 

08 

120 

144 

172 

204 

240 

280 

60 

66 

25 

83 

43 

55 

69 

86 

105 

126 

161 

179 

Sll 

246 

65 

70 

22 

29 

37 

48 

60 

74 

92 

111 

134 

159 

187 

218 

70 

76 

25 

33 

42 

63 

66 

82 

98 

118 

Ul 

166 

195 

75 

80 

22 

29 

sr 

46 

58 

72 

87 

105 

126 

148 

174 

80 

86 

19 

26 

33 

41 

52 

66 

78 

94 

112 

132 

156 

85 

90 

17 

23 

-  30 

37 

46 

58 

70 

86 

102 

120 

141 

00 

96 

16 

'21 

27 

33 

42 

53 

64 

77 

93 

108 

127 

95 

100 

19 

24 

30 

38 

48 

58 

70 

84 

99 

117 

100 

110 

16 

20 

26 

33 

40 

48 

68 

70 

82 

97 

110 

11» 

14 

U 

22 

28 

34 

41 

49 

60 

tl 

83 

120 

180 

12 

14 

'18 

23 

29 

36 

43 

62 

61 

72 

130 

140 

10 

12 

16 

20 

25 

81 

87 

44 

63 

62 

140 

160 

9 

11 

14 

18 

22 

27 

82 

38 

46 

64 

160 

160 

8 

10 

13 

16 

20 

24 

29 

34 

41 

48 

160 

170 

7 

9 

11 

14 

\l 

21 

25 

80 

36 

43 

170 

180 

6 

8   10 

12 

19 

22 

27 

82 

88 

180 

100 

6 

7    9 

11 

14 

17 

20 

24 

29 

34 

190 

200 

3 

6 

6    8  1  10 

•  12 

15 

18 

22 

26 

31 

200 

y  Google 
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«i*OB8  section  of  liAlf  seosonecl  si|iiftre  pttte  plUars,  wli4iM 
iieliplito  are  measared  by  one  of  tliefr  sides. 


:^i 

ni 

s  $ 

S3J 

&l 

BB  LOAD  PBB  ■«  IX. 

BB  I«AO  PBB  1^  Ol. 

»• 

BB  LO  PBB  8«  Of. 

BB  hX>  PBS  ■«  IB. 

Mb 

a  a 

W  B 

Tom. 

Ltw. 

Tons. 

Lbfl. 

Tons. 

Lb*. 

Tons. 

Lba. 

1 

2.2232 

4980 

26 

.6027 

1350 

61 

.1960 

439 

76 

.0024 

207 

2 

2.1969 

4921 

27 

.6697 

1276 

62 

.1888 

423 

77 

.0902 

202 

3 

2.1544 

4826 

28 

.5398 

1209 

53 

.1826 

409 

78 

.0879 

197 

4 

2.0978 

4699 

29 

.6116 

1146 

64 

.1768 

896 

79 

.0862 

193 

6 

2.0290 

4646 

30 

.4863 

1087 

65 

.1705 

882 

■80 

.0839 

188 

6 

1.9613 

4371 

31 

.4607 

1032 

56 

.1647 

369 

81 

.0821 

184 

7 

1.8666 

4181 

82 

.4370    < 

»  981 

67 

.1698 

858 

82 

J0799 

179 

8 

1.7772 

3981 

33 

.4166 

933 

58 

a646 

346 

83 

.0781 

176 

9 

1.6867 

3776 

34 

.3969 

889 

69 

.1496 

836 

84 

JD763 

171 

10 

1.5942 

3671 

35 

.3781 

847 

60 

.1461 

826 

86 

.0746 

107 

11 

1.6(rtO 

:i369 

36 

.3599 

809 

61 

.1406 

316 

86 

.0728 

168 

12 

1.4165 

3173 

37 

.3447 

772 

62 

.1862 

305 

87 

.0714 

160 

13 

1.3317 

2983 

38 

.3296 

738 

63 

.1321 

296 

88 

.0696 

IM 

14 

1.2513 

2803 

39 

.3152 

706 

64 

.1286 

288 

89 

.0683 

153 

16 

1.1745 

2631 

40 

.3018 

676 

66 

.1260 

280 

90 

.0670 

160 

16 

1.1027 

2470 

41 

.2889 

647 

66 

.1210 

271 

91 

X)666 

1^ 

17 

1.0353 

2319 

42 

.2772 

621 

67 

J1179 

264 

92 

.0638 

143 

18 

.9723 

2178 

43 

.2661 

696 

68 

.1147 

267 

93 

.0626 

140 

19 

.9134 

2046 

44 

.2554 

672 

69 

.1112 

249 

94 

.0616 

138 

20 

.8585 

1923 

45 

.2456 

650 

70 

.im 

243 

95 

.0603 

136 

21 

.8076 

1809 

46 

.2357 

628 

71 

ao64 

236 

96 

.0589 

1S3 

22 

.7603 

1703 

47 

.2268 

608 

72 

.1027 

230 

97 

.0576 

12B 

2:^ 

.7165 

1605 

48 

.2183 

489 

73 

.1000 

224 

98 

.0567 

127 

24 

.6765 

1513 

49 

.2100 

472 

74 

.0973 

218 

99 

.0554 

124 

26 

.6380 

1429 

50 

.2031 

466 

75 

i)951 

213  1 

100 

.0646 

128 

*  RemarlK.-— C^ordon  and  HodgrlKlnson  compared.  The  difference 
between  them  is  greater  io  wooden  pillars  than  in  hollow  cast  iron  ones.  Mor&> 
over,  in  the  latter,  Gordon  Is'sometimeB  greater,  sometimes  less,  than  HMgkta- 
son,  as  seen  par  lower  table.  Mr.  Smith's  assumed  strength  and  stiffness  of  pine 
luay  safely  be  taken  at  about  one-fourth  less  than  Hodgkinson's  for  his  red  aeal ; 
and  vfUh  this  assumption,  Hodgkinson's  rule  would  make  the  strength  of  Smith's 

Eine  (In  all  onr  tables  for  wooden  pillars)  greater,  to  the  extent  shown 
y  the  multipliers  In  the  following:  table.   The  truth  is  probably  between 
the  two.    See  Remark,  p.  460. 


Htia 
Blde«. 

Maltr. 

Htin 
sides, 

12.5 

15 

17.5 

Maltr. 

Htin 
sides. 

Multr. 

Htin 
■ides. 

Multr.    i 

1 

Htin 

sides. 

Multr. 

6 

7.5 
10 

1.04 
1.09 
1.15 

1.23 
1.30 
1.37 

20 

25 

f    30  ■ 

1.44 
1.54 
1.64 

35 
40 
45 

1.72    i 
1.76  •  ' 
1.71 

50 
60 
80 

1.67 

.   1.68 

159 

Gordon's  and  Hoditrklnson's  hollow  cylindrical  cast  Iron 
pillars  compared. 

The  thickness  is  usually  from  A  to  j^  of  the  outer  diameter ;  and  lor  these 
limits,  the  column  G,  (Gordon),  and  H,  (Hodgkinson),  show  the  proportions  of 
the  breaking  loads. 


Thickness  =  ^ of  the  onter  diameter. 

Htin 

Htin 

Htin 

Htin' 

Htin 

DiMBS. 

(i. 

H. 

Diams. 

u. 

H. 

Diams. 

(Jr. 

H. 

Dlanu. 

4i. 

H. 

Diams. 

G. 

H. 

5 

1 

1.25 

10 

1 

1.11 

20 

1 

.97 

40 

i 

.90 

70 

1 

.90 

8 

1 

1.12 

15 

1 

1.02 

30 

1 

.94 

50^ 

I 

.88 

m 

1 

.97 

Thickness  =  ^  of  the  onter  diameter. 

|1  11.23   1     10    fl  11.08  11     20     |li.92|l    40     I  1   I  .81  II        70     !  1  I  .82 

1 

1.10! 

1     15    |1|     .98  11     30     1   1   1  .88||     50    1   1   1  .8011       100     1 1  |  .88 

STREiraTH  OF  HATEBIALS. 


463 


▲rt«  4.   UUlmate  nvermge  tenstte  •r  coBmsItc  mtwrnrngiMt  ef 
Timber, 

Being  tbe  least  weights  in  pounds  which,  if  attached  to  the  lower  end  of  a  rert  rod 
one  inch  square,  firmly  upheld  at  its  upper  end,  would  break  it  by  tearing  it  apart. 
For  large  timbers  we  recommend  to  reduce  these  constants  %U>%  part. 


The  atrengtlM  In  all  tiMM  tabiM  mmy 
readily  be  one-third  part  more  or  loM 
tlMo  oar  averagea. 


Lbs  per 
sq.  inch. 


Lbs  per 
sq.  Inch. 


Alder 

Ash,  English 

"''  American  (author)  abt.. 
Birch 

"    Amer'n  black 

Bay-tree 

Beech,  English 

Bamboo 

Box.-w 

Cedar,  Bermuda ». 

*f       Guadaloupe  

Chestnut 

•*  horse 

Cyprufl 

Elder 

Elm....«   

"    Canada.. 

Fir,  or  Spruce » 

Hawthorn 

Uasel 

Holly 

Hornbeam 

Hickory,  Amer'n 

Lignum  Vitas,  Amer^n 

l^noewood 

Larch,  Scotch 

Locust..... , 

Mrtple 


14000 
16000 
16600 
15000 

7000 
12000 
11500 

6000 

aoooo 

7600 

9500 
13000 
10060 

6000 
10000 

60O0 
13000 
10000 
10000 
18000 
16000 
20000 
11000 
11000 
23000 

7000 
18000 
10000 


Mahogany,  Honduras ».- 

"     Spanish 

Mangrove,  white,  Bermuda... 

Mulberry 

Oak,  Amer'n  white... .. 

"       "        basket 

"       "         red 

"    Dautzic,  seasoned 

"    Riga 

"    Ei^^lish. -.. 

'*    live,  Amer'n 

Pear 


Pine,  Amer'n,  white,  red, ) 
and  Pitch,  Memel,  Biga...  % 

Plane 

Plum 

Poplar 

Quince ^ 

Spruce,  or  Fir » 

Sycamore.... 

Teak 

Walnut...... 

Yew 


Across  the  smtn.  Oak. 

«    M   If  Poplar 

"  Larch,900to 
"   "  Fir,  A  Pines 


8000 
16000 
lUOOO 
LeOOO 


10000 


10000 

10000 

11000 
11000 
7000 
7000 
10000 
12000 
16000 
8000 
8000 

2300 
1800 
1700 
050 


TREgB  ABC  ATKBAais.  The  Strengths  vary  much  with  the  age  of  the  tree;  the 
locality  of  its  growth ;  whether  the  piece  is  from  the  center,  or  from  the  outer  por- 
tions of  the  tree ;  the  degree  of  seasonine ;  straightnese  of  grain ;  knots.  Ac,  Ac.  Also, 
inasmoch  as  the  constants  are  deduced  fh>m  exi>eriment8  with  good  specimens  of 
small  sise,  whereas  large  beams  are  almost  invariably  more  or  less  defective  from 
knots,  crookedness  of  fibre,  Ac,  it  is  advisable  in  practice  to  reduce  these  constants 
as  recommended  above. 
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Art.  S.   ATerave  ultimate  tensile  or  e<»heMTe  streiiirtli  mt 
Metals,  per  square  Ineh.* 


The  ultimate  tensile  or  pulling  load  per  square  inch  of  any 
material  is  frequently  called  its  cofisiant,  coej^cunt^  or  mcdtdua  of 
tension,  or  of  tensile  strength. 


Pounds 
sq.  inch. 


Tons 

per 

sq.  in. 


Antimony,  cast 

Bismuth,  cast 

Brass,  cast  8  to  13  tons,  say  18000  to  29000  lb  i. 

**    wire,  nnannealed  or  hard,  80000.    Anaealed « 

Bronze,  pnosphor  wire,  hard,  150000.    Annealed. 

Copper,  cast  18000  to  30000 

"       sheet ~ 

'•       bolts;  28000  to  38000 , 

"       wire  (annealed  16  tons);  unannealed 

Gold,  cast 

•'     wire,  25000  to  30000 

Gun  metal  of  copper  and  tin,  23000  to  55000 

cast  iron,  U.  8.  oMnance,  36000  to  40000 

Iron,  cast,  English 13400  to  22400. 

"     ordinary  pig..l3000  to  1600a ~ 

American  cast  iron  averages  one-fourth  more  than  the  above^ 

Average  cast  iron,  when  sound,  stretches  about  .00018 ;  or  1  part 
in  5555  of  its  length ;  or  %  inch  in  57.9  ft.  for  eyeir  ton  of  ten- 
sile strain  per  sq  inch,  up  to  its  elastic  limit,  which  is  at  about 
J^  its  break-strain.  The  extent  of  stretching,  however,  varies 
much  with  the  quality  of  the  iron ;  as  in  wrought-iron. 

Cast,  malleable,  annealed  18  to  25  tons. 

Iron,  wrought,  rolled  bars,  40000  to  75000,  the  last  exceptional 

'*  "  "       "    ordinary  average.  

"  «  u       u    goo^i  4.     

**  "  «       u    guperior ^ , 

**  '*  M       «    b^  American,  (exceptional) , 

**  •*  u       u    1^^  Moor,  English,  average 

'*  **  '*    plates  for  boilers,  Ac,  40000  to  60000 

"  •♦        English  rivet  iron 65000  to  60000 

"  '*       wire,  auneiiled ..30000  to  60000. ^ 

u  ti  u    unannealed,  or  hard. ..50000  to  100000.... 

«*  M  «    ropes,  per  sq  inch  of  section  of  rope...^ 

«  "        large  forgings,  30000  to  40000 

In  important  practice,  good  bar  iron  should  not  be  trusted  per- 
manently with  more  than  about  5  tons  per  sq  inch;  which  will 
stretch  it  about  ^  inch  in  from  20  to  25  ft. 

Good  bar  iron  stretches  about  1  part  in  12000  of  its  length ;  or 
about  1  inch  in  1000  ft;  or  ^  inch  in  125  ft,  for  every  ton  of 
tensile  strain  per  sq  inch  of  section,  up  to  its  elastic  limit. 
This  limit  usually  ranges  between  8  and  13  tons  per  sq  inch,  or 
about  half  the  breaking  strain,  according  to  quality.  The 
ultimate  stretching  of  rolled  bars  is  from  5  to  30  per  ct  of  the 
original  length ;  usually  15  to  20  per  cent.  Plat«s  and  angle 
iron  3  to  17  per  cent.  Heating,  even  up  to  500°  Fah,  does  not 
weaken  bar  Iron  or  steel.   For  stretch  by  heat  see  p  212. 

I.«ad,  cast,  1700  to  2400 « «. by  author, 

♦      wire,  1200  to  1600.    Pipe  1600  to  1700 *' 

Platinum  wire,  annealed.  32000.    Unannealed , 

SteeL  plates,  range,  60000  to  10.3000 , 

«       of  Hussey,  Wells  A  Co,  Pittsburg,  Pa,  91500  to  97400 

"         "       Bessemer 

"      Bessemer  tool 

**      wire,  annealed  30  to  50  tons.    Unan,  50  to  90  tons 


1000 
3200 
28500 
49000 
63000 
24000 
80000 
83000 

eoooo 

20000 
27500 
39000 
38000 
17900 
14500 


48160 
67500 
44800 
50400 
60000 
76100 
60000 
50000 
57500 
450UO 
76000 
88000 
85000 


.45 

1.4 
10.5 
22 
28.1 
10.7 
13.4 
14.7 
26.8 

8.9 
12.3 
17.4 
17 

8 

6.47 


21.6- 

25.7 

20 

22.5 

26.8 

84 

26.8 

222 

25.7 

20J 

89^ 

1&8 

16.6 


2060 

.9S 

1650 

.74 

56000 

25 

81500 

36.4 

94450 

42.2 

98600 

44 

112000 

60 

156800 

70 

*I<ar8*e  bars  of  metal  bear  less  per  sq  inch  than  small  ones.  In  cast  irou 

ones  1,  2  and  8  ina  sq,  the  alreagtbs  per  sq  inch  were  about  as  1,  .86  and  .66;  and  wrought  iron  pnri>. 
abiT  KTrrages  about  the  name.    See  top  of  next  page. 

Irmm  >«ni  re-r^ed  e*ld  have  tensile  strength  increased  H  to  60  per  ot,  with  no  inereaM  mt 
deusiiy.    Tbttjr  »re  said  (e  lose  this  strength  if  reheated. 
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Awermge  ultltatUe  tensile,  or  cobealve  streniptli  of  Metals 
per  square  ineli.    (Co'ntikusi).) 


Okut.  Janea  B.  lads  foand  that  forged  ateel  bolts  for  the  St  Lenls  bridge,  6H 
ine  dlMu,  and  22  to  86  ft.  long,  broke  9kort  with  onlj  WOOD  lbs  per  sq  ioob ;  wbjle 
bolts  of  bat  H  iooh  section,  cut  from  the  large  onet,  in  no  instance  broke  witb 
100000  fts  per  sa  in(^,  but  stretched  considerably. 

Steel,  cast,  Bessemer  ingots,  average 

"        "     best  American  Bessemer  ingots 

"  "  «         rolled  and  hammered,  120000 

to  130000 

*'        **         homogeneous,  Cammell  A  Co,  England,  No  1 

"        "  "  "  "         No  2 

"        "  "  **  "  No  3 

'*      paddled  bars,  rolled  and  hammered,  65000  to  13500O.» 

Steel.  Experiments  by  Lieut.  W.  S.  Shock.U.  S  N.,  at  Washington, 
'  on  steel  from  the  Black  Diamond  Steel- Works,  Pittsburg, 
Pa.  All  the  pieces  were  cut  from  the  same  bar,  three 
pieces  for  each  exp.  They  were  turned  down  to  a  diam 
of  .62  6f  an  indk  i^  the- intended  point  of  fraciipre,  by  a 
groove,  in  shape  of  a  circuliu-  04ginent»  with,  a  chord  of 
about  I  inch : 

"      the  bar  in  its  original  condition,  109500  to  131900„ 

*♦      heated  to  light  cherry-red,  then  plunged  into  oil  of  82° 

Fah,  201300  to  227500 

**      heated  to  light  cherry-red,  then  plunged  into  water  of  79^ 

Fah.    Then  tmnpered  on  abeatftd  plate,  152500  to  176100.. 

heated  to  light  cherry-red,  then  plunged  into  water  of  79^ 

*»h,  132700  to  160500  

Tempering  in  oil  usually  increases  the  strength  from  40  to 
80  per  cent. 
<*      ehrome,  made  at  Brooklyn,  N.  T.,  and  tested  at  West  Point 
Foundry,  N.Y  ,  (specific  gr  7.816  to 7.966,)  163000  to  199000. 

Average  of  12  specimens , 

**  made  from  very  pure  Swedish  iron,  but  containing  differ- 
ent proportions  of  carbon.  The  bars  were  2\}/^  ins  long, 
wHh  14  ina  of  this  length  turned  down  to  a  uniform  di- 
am of  1  inch.  The  breaking  wts,  however,  in  the  table, 
are  per  sq  inch : 
Mark  No.   2,  carbon    .33  per  ct,  stretched  1.37  ins 


No.   4 

*f 

.43 

No    6 

" 

.48 

No.    6 

" 

.63 

No.   7 

u 

^    .58 

No.   8 

a 

.63 

No.  10 

.   « 

.74 

No.  12 

" 

.84 

No.  16 

u 

1.00 

No.  20 

" 

1.25 

1.37 
1.26  ' 
1.12 
0.81  ' 
1.00  - 
0.69 
1.12 
1.00 
0  62 


With  more  than  about  1.6  per  ct  of  carbon  the  tensile  strength  of 
steel  diminishes.  A  bar  of  the  above  No.  15,  which  broke  at 
60  tons  per  sq  inch,  when  turned  down  for  14  ins  of  its  length  ; 
broke  with  791^  tons  per  eq  inch  wheH  turned  down  at  one 
])oint  only.  This  is  owing  to  the  fact  that  the  last  could  not 
stretch  as  much  as.  the  first,  and  therefore  its  diam  could 
not  be  diminished  as  much  before  breaking.  All  its  fibres 
pulled  more  wiitedly.  It  will  be  observed  that  the  steel  of 
greatest  strength  stretched  the  least  before  breaking.  This 
stronger  steel  fr^nM  briytk  under  *tftM((^(yjp|>li^  ibrce,  or 
impulse,  more  easily  than  a  weaker  one  would  ;  because  the 
walker  one,  by  its  stretching,  gradually  bi'eaks  the  force  of  the 
impulse,  on  the  same  principle  as  a  spring.  Hence  the  steel, 
iron,  Ac,  which  is  strongest  against  a  gradually  applied  force 
or  strain,  may  be  unfit  for  uses  where  the  strain  co^es  upon  It 
suddenly.  The  averaire  nltimate  tensile  stren^rtli  of  steel  is  about 
twice  that  of  wrought  irob.  Its  deflection  as  a  beam  within  the  elastic 
limits  is  about  }  that  of  wrought,  or  >^  that  of  cast  iron.    Its  aireracre  streteh 


Pounds 

per 
sq.  inch. 


63000 


125000 
58240 
71680 
76160 

100000 


120700 
214400 


180000 


68100 

76l4iO 

840091 

95200 

92960 

100800 

101920 

123200 

184400 

164560 
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U  about  .1  taoh  In  111  ft  for  erery  ton  per  iq  Ineh  of  load,  np  to  ita  elaatto  limit,  irhteh  gMterallv 
"'      - --    -  •  —  .w  .  .w_  .  ..-.__--_..._  ^_^_     -  ongor,  •na 

lets  ttretebj  kindi.    A  aniform  bar  of  rolled  steel,  gradoally  loaded,  will  streteb  from  JL  to  -i 


raoges  at  between  H  and  %  of  its  breaking  strength ;  the  latter  being  for  the  barder,  strong) 


of  its  length  before  breaking ;  or  from  A  of  an  inch  to  2.4  ins  per  foot,  according  to  qualiij.  The 
mean  of  these  is  nearly  -^  of  the  length,  or  1-j^iaoh  to  a  foot.  When  steel,  espeeialtj  if  hard,  has 
to  be  heated  to  softness  in  order  to  give  it  a  required  shape,  it  is  therebr  weakened. 

Averaye  nltlmate   tensile,  or  eohestire  streniptli  of  MetAls 
per  square  Incli.    (Continued.) 


Silver,  cast , 

Tin,  English  block 

"   wire 

Zinc,  caBt...8(KK)  to  8700 ;  (the  last  by  author).. 


Art.  6. 


Averaire  ultimate  tensile  or  eoiieslTe  strenirtli  or 
various  materials. 


The  strengths  in  all  these 

part  more  or   less   than  oar 
averages. 

Pounds 

per 
sq.  inch. 

Tons 

per 

sq.  ft. 

Marfole,8tron9,wh.Italy.* 
**       Champlain,varie- 

gated*.. 

"       Glenn's  F'lls,N.Y. 

blk,*  7i)Otol084 
«       Montg'y   CO.  Pa, 
gray  ♦ — 
«            "       white  •... 
«       Lee,Ma88,white.* 
«       Manchester,  Vt,« 

550  to  800 

Ponnds 

per 
sq. inch. 

Tons 
eq.  ft. 

firlck,  40  to  400 

220 
160 

300 
460 
650 

32 

96 

5750 

550 
9000 
16000 

8000 

15 

14.1 
9.7 

19.3 
28.9 
35.4 

2 

6 

369.6 

36 
579 
1029' 

193 

.96 

1034 

1666 

892 

1176 
734 
876 

675 

1034 

160 

70 

12000 

15000 

106 

434 

690 

2476 

3812 

800 

7600 

66^ 

Caen  stone,  100  to  200 

Cement,  hydraulic,  Port- 
land, pure,  7  days 
in  water..* ..* 

107^ 
67  4 

**    6  months  old.......... 

"    1  year  old 

Common    hyd   cements 
average  1-6  as  much. 
The  last,  neat,  adhere 
to  brick  and  stone  with 

76.6 
47.2 
66.3 

43.4 

from  15  to  60  lbs  when 

only  1  month  old 

At  end  of  1  year,  3 

times  as  much 

See  "Cement,"  p  676,  Ac 
Glass.  2500  to  9000  (p  432) 
Glue  holds  wood  together 
with  from  300  to  800... 
Horn,  ox 

**      Tennessee,  varie- 
giUed* 

66.5 

Oolites,  100  to  200 

Plaster  of  Paris,  well  set. 

Kupe,  Manilla,  best 

"     hemp,  best 

Sandstone,  Ohio* 

Picton,  N.  8.* 
Conn,  red.*.... 

Slate  I^high* 

9.7 
4.5 
T71 
966 
6.75 
27.9 
379 

Ivory 

Leather   belts,    1600   to 
5000.  -Good 

169.1 

»*      Peach  bofm,*  3026 

to  4600 

Stone,  Bansome'a  artif.... 
Whalebone 

246  I 

Mortar,  common,  6  mos 
old,  10  to  20 

194 
480 

To  find  tlie  diam  in  Ins  of  a  round  rod  to  bear  safely  a  given  pull 
in  lbs. 


Diam 
in  ins 


-4.      /^ 

V    of 


given  pull  X  coef  of  safety 


ult  tensile  strength  ^ 

'  material  in  tbs  per  sq  Inch  -^ 


.7854. 


Iron  is  wiMtkeued  l»y  exlreme  eoid. 

The  belief  (originating  with  Styff  of  Sweden,)  Is  gaining  ground  that  Iron  and 
steel  are  not  rendered  more  briUU  by  intense  cotd^  bat  that  the  great  number  of 


*  By  the  autbor's  trials  with  one  of  Biebl6's  testing  machines. 

broken  l^  sq  inohe4. 
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breakages  of  rails,  wtmels,  aczles,  Ac,  in  winter,  is  owinr  to  the  more  severe  blows 
incident  to  the  frozen  and  unyielding  nature  of  the  earth  at  that  period  of  the  year. 
But  Sandberg's  experiments  show  conclusively  tiiat  although  these  metals  may  per- 
haps bear  as  much  steady  force,  graduaUy  applied,  in  winter  as  in  summer,  yet  their 
resistance  to  impulse^  or  sudden  force,  is  not  more  than  J^  or  J/^  as  great  in  severe 
eold ;  which  renders  them  less  flexible  and  less  stretchy.  It  is  probable  that  this 
Getct  does  not  receive  as  much  attention  as  it  should,  in  proportioning  iron  bridges,  Ac. 
Some  experiments  with  good  wronglit  iron  ahowed  that  even  at  239  Fab,  or  only 
iP  colder  than  freezing  point,  there  was  a  loss  of  strength  of  from  2\^  to  4  pei 
cent. 
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Bt  Ftgi  a^  l»  MB,  skovfl  Uie  muni  ubfm  of  riveu  m  told.* 

The  w«ls«*  ui  the  fcH>irt»j  taUe  of  ooane  include  the  bead :  bat  the  leasthfl*  *•  veaal, 

•re  taken  "  under  the  head : "  or  are  tbeitt!  of  the  thanks  only.    In  practice,  discrtpanctea  of  5  or  • 
per  ot  io  wt  Diaj  be  expected. 

From  Garne«ie  Bros.  4  Oo'e  "  UMTkil  Informuion,''  bj  0,  L.  Strobel,  0  K. 


Length 

of  Shank. 

Ins. 


% 


IMuBeten  of  Bivets  fat  InelMt. 


^Vs       1^ 


3.0 
3.8 
4.6 
5.4 
6.2 
6.9 
7.7 
8.5 
9.2 
10.0 
10.8 
11J5 
12.3 
13.1 
13.8 
14.6 
15.4 
16.2 
16  9 
17.7 
18.4 
19.2 
20.0 
21.5 
23.0 
24.6 
26.1 
292 
32.2 
35.3 
38.4 


Welckt  ^r  IM  Blveta,  In  pMoida. 

8.5 





9.9 

17.3 







11.2 

19  4 

25.6 

38.^ 



12.6 

21.5 

28.7 

43.1 

65.3 

"91.'6 

13.9 

28.7 

31.8 

47.3 

70.7 

98.4 

15.3 

25.8 

34.9 

61.4 

76.2 

105 

16.6 

27.9 

37.9 

56.6 

81.6 

112 

18.0 

30.0 

41.0 

69.8 

87.1 

119 

19.4 

32.2 

44.1 

64.0 

92.5 

126 

20.7 

34.3 

47.1 

68.1 

98.0 

133 

22.1 

36.4 

60.2 

72.3 

103 

140 

23.5 

38.6 

63.8 

76.5 

109 

147 

24.8 

40.7 

66.4 

80.7 

114 

154 

26.2 

42.8 

69.4 

84.8 

120 

161 

27.5 

45.0 

62.6 

89.0 

125 

167 

28.9 

47.1 

65.6 

93.2 

181 

174 

30.3 

49.2 

68.6 

97.4 

136 

181 

31.6 

51.4 

71.7 

102 

142 

188 

33.0 

SSJ5 

74.8 

106 

147 

195 

34.4 

55.6 

77.8 

110 

153 

202 

36.7 

57.7 

80.9 

114 

158 

209 

37.1 

59.9 

84.0 

118 

163 

216 

38.5 

62.0 

87.0 

122 

169 

228 

41.2 

66.3 

93.2 

131 

180 

236 

*  439 

70.5 

99.3 

139 

191 

260 

46.6 

74.8 

106 

147 

202 

264 

49.4 

79.0 

112 

156 

213 

278 

54.8 

87.6 

124 

173 

284 

306 

60.3 

96.1 

136 

189 

266 

833 

65.7 

105 

148 

206 

278 

861 

71.2  , 

113 

161 

223 

300 

888 

123 
183 
142 
150 
169 
167 
176 
184 
19S 
201 
210 
218 
227 
236 
244 
253 
261 
270 
278 
287 
304 
821 
838 
855 
889 
42a 
457 
491 


The  dlam  of  rivets  for  bridee  work  is  from  H  ^^  inch;  usually  ^  to 
%;  and  for  plates  more  than  .5  inch  thick,  it  is  about  1.5  times  the  thickness; 
and  for  thinner  ones  about  twice ;  but  these  proportions  are  not  closely  adhered 
to.  The  cominon  form  of  rivets  as  sold  is  shown  at  R,  Figs  3,  a  beiMl 
and  the  nlinnk  in  one  piece:  and  S  shows  the  same  when  after  being  heated 
white  hot  it  is  inserted  into  its  nole,  and  a  second  head  (conical)  formed  on  it  by 
rapid  hand-riveting  as  it  cools.  When  louder  than  aboat  6  Ium  they 
are  cooled  near  the  middle  before  being  inserted,  lest  their  contraction  in  ceoling 
sliunid  split  off  their  heads.  The  hemispherical  heads  often  seen,  called  snap 
heads,  are  formed  by  a  machine.  The  two  heads  alone  require  aboat 
as  much  iron  as  3  diams  length  of  shank.  Ijenf^  of  a  head  »  about  1 
diam  of  shank ;  and  its  width  about  2  diams  of  shank. 


RIvetluiT  of  Steam  anfi  Water  Tlfrlit  Joints. 

Joints  for  boilers  and  water-tight  cisterns  are  usually  proportioned  about 
as  per  the  following  table  by  Fairbairn ;  and  are  made  as  shown  either  by  Fig  1 
or  Fifif  2.  Fig  1  is  called  a  sinfirle-rlveted,  and  Fig  2  a  donble-rl  veted 
inp.jfolnt.    The  dist  a  a,  or  c  c,  is  the  lap. 

Mr  Fairbairn  considers  the  strength  of  the  single-riveted  lap-joint  to  be  about 
.66;  and  that  of  the  double-riveted,  about  .7  that  of  one  of  the  full  unholed 

♦  Priee  In  Phllada,  1888,  about  3^4  cts  per  lb. 

•  Digitized  by  LjOOQIC 


RIVETS  A^D  RIVETING. 


469 


plates,  when  both  joints  are  proportioned  as  in  his  following  table.    But  some 

later  experimeu  ters  consider  about 
^  i^-\    ^  a  ^  /-^       ^^ 5  and  .6  as  nearer  th  e  correct  a ver- 

\      '  \  ^    ,^_     r     ■  I  IZ\  age.    Experiments  on  the  subject 

r-r— •  -w., ,-, ..^^a       ^^  ^^j^  conflicting;   and  it   is 

plain  that  no  one  set  of  propor- 
tions can  precisely  suit  all  the  dif- 
ferent qusuities  of  plate  and  rivet 
iron.  With  &ir  qualities  of  both, 
there  is  eyery  reason  to  rely  upon 
.6  and  .6  (or  about  one-seventh 

Sirt  less  than  Fairbairn's  assump- 
on)  as  safe  for  practice.    These 
proportions  include  friction  (Art  4),  without  which  they  would  be  aboui  A  and  .5. 

Fairbairn's  table  for  proportioninir  the  rivetinir  for  stieam 
and  watei^MiKrlit  lap-joints. 


^1 

r-Ci 

'^ 

^ 

V 

^a 

^ 

o 

o 

i- 

C 

o 
o 

o 

c 

1 

Figl. 


Fig  2. 


Thickness  of 
each  plate. 


Diameter  of 
rivets. 


length  of  shank 
before  driving. 


From  oenter  to 
center  of  rivets. 


Ins. 


Lap  In  single 
riveting. 


Lap  in  doubl* 
riveting. 


Or 

■<~> 

■<^. 

iO 

1'    '                    1                         \<n 

r>i 

lo-*^ 

-^ 

^B^ 

.^ 

rc5 

^^ — 

RlTetinc:  of  Iron  8:irders,  bridfpes,  Ae, 


0=3" 

Figs  3. 

Art-.  1.  The  subject  of  riveting  is  abstmse,  and  inyoWed  in 
much  uncertainty ;  and  experimental  results  are  very  discrepant.  We  here  pro- 
pose merely  to  confine  ourselves  to  what  is  considered  the  best  joint;  and  for 
safety  we  shall  omit  friction:  see  Art  4.  In  girder  and  bridge  work  the  lap- 
iointe  above  described  are  seldom  used.  Instead  of  them,  the  plates  p,  Figs  3,  to 
De  joined^are  butted  up  square  against  each  other,  thus  forming  a  butt-joint, 
i  i.  Fig  D;  and  are  united  by  either  a  single  covering-plate,  cover, 
wrapper,  fish-plate,  or  welt  e  e,  Fig  K ;  or  the  best  of  all  by  two  of  them, 
as  at  A,  or  0  0,  0  0,  Fig  B.  In  what  follows,  the  term  plate  never  includes  the 
covers.  The  single  cover,  like  the  lap-joint,  allows  both  plates  and  cover  to  bend 
under  a  strong  pull,  somewhat  as  at  W,  thus  weakening  them  materially ;  whereas 
the  double  cover  oo^o  o.  Fig  B,  keeps  the  pull  directly  along  the  axis  of  the  plates, 
thus  avoiding  this  bending  tendency.  It  also  brings  the  rivets  into  double  shear, 
thus  doubling  their  stren^h.  When  there  is  but  one  cover,  it  should  be  at  least 
as  thick  as  a  plate ;  and  when  there  are  two,  experience  shows  that  each  had  bet- 
ter be  about  two-thirds  as  thick  as  a  plate,  although  theory  requires  each  to  be 
but  hafftm  thick  as  a  plate. 
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Tke  leitfifili  w  w^  af  c«Teni  across  the  joint  is  equal  to  that  of  the  joint. 
Bniin  reqnire  twice  tm  many  rivets  as  laps,  becaiise  iu  the  lap  each 

riret  posses  through  both  the  joined  plates;  and  in  the  butt  through  only  one. 

Tbe  rivets  iiii«l  pliOe  oa  ene  side  onljr  (right  or  left)  of  the  joint- 
line  i  i  of  any  properly  proportioned  lMiti-J«iwi  D,  represent  the  full  strength 
of  the  joint,  inasmuch  as  those  on  one  side  pull  in  one  direction,  against  those  on 
the  other  side,  which  pull  in  the  cmposite  direction.  Therefore  in  designing  such 
joints  we  need  keep  in  mind  only  those  on  one  side,  as  is  done  in  what  follows. 
Thus  a  single,  double,  or  triple-rireted  batt-joini  D  implies  one,  two,  or  three 
rows  of  rivets  on  eaeh  side  of  the  joint-line  i  i,  and  parallel  to  it.  In  a  prop- 
erly proportioned  lap  the  strength  is  as  nil  the  rivets,  because  one-half  of  them 
do  not  pull  against  the  other  half,  but  one  end  of  every  rivet  pulls  in  one  direc- 
tion, and  its  other  end  in  the  opposite  direction. 

Tne  net  Iren,  net  plate,  4»r  net  Joint,  is  that  which  is  left  between 
the  rivet  holes,  and  ontslde  of  the  two  outer  ones,  alt  on  a  straight  line  drawn 
through  the  centers  of  the  holes  of  one  row.  Its  width  and  area  are  called  the  net 
ones  c»f  the  joint*    That  between  other  rows  does  not  increase  the  strength. 

In  Figs  3,  N,  and  K«  the  rivets  are  ^aioly  exposed  only  to  slnfrl«  sbeaar  ; 
that  is,  the  opposing  pulls  of  the  two  plates  tend  to  shear  each  rivet  across  only 
one  circular  section ;  whereas  in  Fig  B,  with  two  covers,  or  in  Fig  A,  each  rivet 
is  exposed  to  donble  sbeitr,  one  just  above  and  one  just  below  the  joined 
plates. 

Art.  3.  Bridge-Joints  are  not  reqnired  to  be  steam  or  water- 
tlfrlit  like  those  of  boilers  or  cisterns ;  and,  therefore,  by  increasing  the  breadth 
of  the  overlap,  or  the  length  of  the  covers,  the  rivets  may  be  placed  in  several 
rows  behind  each  other,  as  the  3  rows  of  8  rivets  each  in  M  and  b,  instead  of  only 
one  row  of  9  rivets,  as  in  L.  By  this  means,  without  losing  any  of  the  strength  of 
the  9  rivets,  or  of  the  net  iron,  we  may  narrow  the  width  of  the  nlate  to  an  ex- 
tent equal  to  the  combined  diams  (6  in  this  case)  of  the  boles  thus  oispensed  with 
in  the  one  row.  Moreover,  by  using  more  than  one  row  we  lessen  the  weakening 
effect  shown  at  W.  This  mode  of  placing  the  rivets  directly  behind  each  other  in 
several  rows,  as  at  M,  and  at  the  left-hand  half  of  Fig  D,  constitutes  Mr  Fair- 
bairn's  chain  rlvetinf:;  but  the  ioint  will  be  somewhat  stronger  if  the  rivets 
are  placed  in  slu^sanrlnji;  order,  as  In  the  right-hand  half  of  Fig  D. 

The  <llst  apart  orthe  rows  from  cen  to  een  should  not  be  leu 
than  2  diams.  It  is  questionable  to  what  extent  this  increase  in  the  number  of 
rows  may  be  carried  without  an  appreciable  loss  of  strength  in  the  rivets  conse- 

Suent  upon  the  impossibility  of  quite  equalizing  the  strains  on  the  separate  rows, 
ut  it  is  probable  that  if  we  do  not  exceed  2  or  3  rows  in  laps,  or  the  same  num- 
ber on  each  tide  of  the  joint-line  in  butts,  we  may  in  practice  assume  that  each 
row,  and  each  rivet,  is  nearlv  equally  strained. 

Rlvet«holes  are  usually  of  about  one-sixteenth  inch  greater  diam  than  the 
original  rivet,  so  as  to  allow  the  hot  rivet  to  be  easily  inserted.  The  subsequent 
hammering  swells  the  diam  of  the  rivet  until  it  fills  the  hole.  We  may  either 
take  this  increased  diam  of  rivet  into  consideration,  as  we  have  done,  in  calcula- 
ting its  shearing  and  crippling  strength,  as  exf^ained  farther  on,  or  with  reference 
to  increased  safety  we  may  omit  it.  Drilled  rivet-holes  are  said  to  be  better 
than  punched  ones,  as  the  drilling  does  not  injure  the  iron  around  them;  but  on 
the  other  baud  their  sharper  edges  aro  said  to  shear  the  rivets  more  readily. 
Hence,  such  edges  are  sometimes  reamed  off.  Both  these  points  are,  however, 
disputed :  and  both  modes  are  in  common  use. 

The  dist  flrom  the  edipe  of  a  hole  to  the  end  of  a  plate  or  cover  shook! 
not  be  leu  than  about  1.2  diams,  to  prevent  the  rivets  from  tearing  out  the  end 
of  the  plate ;  nor  nearer  the  side  edge  of  a  plate  than  half  the  clear  dist  between 
two  holes  as  given  by  the  Bule  in  Art  5.  The  first  is  rather  more  than  FairlMUrn 
directs. 

Rivet  holes  weaken  the  net-  Iron  left  between  them,  not  only  by  the 
loss  of  the  part  cut  out,  but  either  by  disturbing  the  iron  around  them,  or  perhaps 
by  changing  the  shu)e  of  the  net  line  of  fracture,  which  may  not  then  resist 
tension  as  well  as  while  it  was  a  continuous  straight  line.  Some  deny  both  cauas 
and  effect  entirely,  each  party  basing  its  opinion  on  experiments.  But  the  mass 
of  evidence  seems  to  the  writer  to  show  tnat  the  net  iron  loses  on  an  average 
about  one-seventh  of  the  strength  due  to  the  net  width.  With  a  view  to  safe^, 
which  we  consider  to  be  of  paramount  importance,  we  shall  in  what  follows 
assume  (untU  the  question  Is  definitely  settled)  that  there  Is  such  a  loss  of 
strength  in  the  net  iron. 

mffv^^****  Joints  for  reslstlngr  eonipresslon  should  depend,  not  as 
^iS^w^®  supposed  upon  their  butting  ends,  but  upon  either  the  shearing  or  the 
crippling  strength  of  the  rivets;  for  contraction  or  bad  work  may  throw  the 
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Sressure  on  the  rlTets.    Maeblne  rlvetiaft;  is  lomewhat  8tr<mger  than  that 
one  (as  is  assumed  in  our  exatufdes)  by  hand.    The  ihlcknesA  of  plates 

used  in  girders,  tubular  bridg^,  &c,  is  usually  .25  to  .6  inch ;  with  thicker  ones 
up  to  1  inch  sparingly  in  large  ones.  A  |»aeKln|c  pieee,  as  the  shaded  piece 
in  P,  is  one  inserted  between  two  plates  to  prevent  their  being  bent  or  drawu 
together  by  the  rivets. 


Art.  3*  A  riveted  Joint  may  yield  in  tiiree  wmts  after  being 
properiv  proportioned,  namely,  by  the  shearing  of  its  rivets;  or  oy  the  pulling 
apart  of  tne  net  plate  between  the  rivet  holes ;  or  by  the  erippilui:  (a  kind  of 
ocMnpression,  mashing,  or  crumpling)  of  the  plates  by  the  riv^  when  the,  two  are 
too  forcibly  pulled  a^nst  each  other.  It  also  compresses  the  rivets  themselves 
transverselv.  at  a  less  strain  tiian  tlie  siiearins  one;  and  this  partial 
yielding  of  both  plates  and  rivets  allows  the  Joint  to  streteh,  and  may  thus 
produce  injurious  unlooked-for  strains  in  other  parts  of  a  structure,  considerably 
before  there  is  any  danger  of  actual  fracture.  Or  in  steam  and  water  Joints  it  mar 
cause  leaks,  without  farther  inconvenience,  or  danger.  For  a  long  time  this 
crippling  had  entirely  escaped  notice,  and  it  was  supposed  that  the  only  important 
point  in  designing  a  rivetea  Joint  was  that  the  tensile  strength  of  the  net  plate, 
and  the  shearing  strength  of  the  rivets  should  be  equal  to  each  other. 

Tiie  cripplinfp  strenHrth  of  a  Joint  is  as  the  number  of  rivets,  in  a  lap. 
or  the  number  on  one  side  of  the  joint-line  in  a  butt  X  diam  X  thickness  of  joined 
plate.  This  product  gives  the  crippled  area  of  the  joint.  We  shall  here  call  the 
diam  X  thickness  of  plate,  the  erlppllnur  area  of  a  rivet.  If  there  are  2  or 
more  plates  (not  covers)  on  top  of  eacn  other  at  one  Joint,  their  united  thickness 
is  used  for  finding  the  crippHng  area.  Tiie  nitlmate  erlpptiniT  unit, 
by  which  the  above  product  is  to  be  multiplied  for  the  actual  ultimate  crippling 
strength  of  the  Joint,  may  be  safely  taken  at  about  60000  lbs,  or  26.8  tons,  per  sq 
inch. 

Tbe  diam  of  a  rivet  in  ins  to  resist  safely  a  given  single-shearing 
force  is  found  thus:  Mult  the  shearing  force  by  the  coef  of  safety,  that  is  by  the 
number,  3,  4,  or  6,  Ac,  denoting  the  required  degree  of  safety.  Call  the  product  g. 
Mult  the  ultimate  shearing  strength  per  sq  inch  of  the  rivet-iron,  by  the  decimal 
.7854.  Call  the  product  h.  Divide  g  by  b.  Take  the  sq  rt  of  the  quotient  The 
diearing  force  and  the  shearing  strength  must  both  be  in  either  lbs  or  tons. 

Or  by  a  formula. 


I>iam 


in  ins  =  \  / 


Shearing  force  X  coef  of  safety 

Ult  shearing  strength  per  sq  inch  X  .7854 


If  tbe  rivet  is  to  be  donble-siieared,  first  mult  only  half  the  shearing 
force  by  the  coef  of  safety.    Then  proceed  as  before. 

Otj  near  enough  for  practice,  mult  the  diam  in  single  shear  by  the  decimal  .7. 

The  nitlmate  snearln^C  nnit  for  average  rivet-iron  may  be  taken  at 
about  45000  0>s,  or  20.1  tons  per  sq  inch  of  circular  sheared  section. 


Table  of  nitlmate  single  shearini;  streniTtli  of  rivets. 

(market  sizes),  in  single  shear ;  at  45000  B>s  or  20.1  tons  per  sq  inch. 

Tbis  table  is  not  to  be  nsed  when  as  in  our  *'  Example,"  Art  5,  the 
■^nnllnHT  strength  of  the  rivet  governs  the  strength  of  the  joint. 

rivet  is  in  donble  shear  it  will  have  twice  the  strength  in  the 


table. 

For  the  diam  In  donble  shear  to  equal  the  strength  in  the  table,  mult 
the  diam  in  the  table  by  the  decimal  .7 ;  near  enough  for  practice ;  strictly,  .707. 


Dtom. 
Ins. 

DUm. 
Ins. 

lbs. 

Tons. 

Diun. 
Ina. 

Diam. 
Ina. 

Iba. 

Tons. 

Diam. 
Ids. 

Diam. 
Ins. 

lbs. 

Tons. 

H 

.125 

552 

.246 

.662 

11183 

4.99 

1 

1.000 

86343 

15.8 

.187 

1242 

.554 

% 

.625 

13806 

6.16 

1.062 

39899 

17.8 

% 

.250 

2209 

.986 

.687 

16705 

7.46 

iH 

1.125 

44731 

20.0 

.312 

3452 

IM 

% 

.750 

19880 

8.88 

1.187 

49838 

22.2 

% 

.375 

4970 

2.22 

.812 

23332 

10.4 

Wa 

1.250 

55224 

24.6 

.437 

6765 

3.02 

% 

.875 

27060 

12.1 

1.312 

60886 

27.2 

H 

.500 

88.36 

3.94 

.937 

31064 

13.9 

.1% 

1.375 

66820 

29.8 
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The  tensile  sireitflrtli  of  »  properlj*  proportioned  Joint  is 

equally  as  either  the  sectional  area  of  the  net  plat«  (not  covers)  across  the  cen- 
ters of  only  one  row  of  rivets:  or  as  the  shearing  or  the  crippling  (as  the  case 
may  be)  areas  of  all  the  rivets  in  a  lap,  or  of  all  the  rivets  on  one  side  of  the 
joint-line  in  a  butt  The  tensile  strength  of  fair  quality  of  plate  iron,  before  the 
rivet  holes  are  made,  averages  about  45000  fi>s,  or  20.1  tons  per  sq  inch ;  but  we 
shall  for  safety  assume,  as  stated  in  Art  2,  that  the  makine  of  the  holes  reduces 
the  strength  of  the  net  iron  that  is  left  about  one-eeventn  part,  or  to  88500  lbs, 
or  17.2  tons_per  sq  Inch. 

Ben».  Even  this  Is  eonslderably  too  gretU  for  laps,  or  for  butts 
with  one  cover,  owing  to  the  weakening  of  the  iron  in  such  by  the  bending  shown 
at  W,  Figs  3.    But  we  are  not  speaking  of  such. 

Art.  4.    The  friction  between  the  plntes  in  a  lap,  or  between  the 

Elates  and  the  covers  in  a  butt,  produced  by  their  being  pressed  tightly  together 
y  the  contraction  of  the  rivets  in  cooling,  adds  much  to  the  strength  of  a  joint 
while  new,  perhaps  as  much  as  1.5  to  3  tons  per  sq  inch  of  circ  section  of  aU  the 
rivets  in  a  lap.  or  of  idl  on  one  side  of  a  single-cover  butt ;  or  3  to  6  tons  of  all  on 
one  side  of  a  double-cover  butt  In  quiet  structures,  this  friction  might  continue 
to  exist  either  whoUv  or  in  part,  for  an  indefinite  period ;  but  in  bri(^^.  &c  sub- 
ject to  incessant  and  violent  jarring  and  tremor,  it  is  probably  soon  diminished, 
or  entirely  dissipated.  Hence  good  authorities  recommena  not  to  rely  on  it,  and 
it  is,  therefore,  omitted  in  what  follows. 

Art.  5.  We  now  give  rules  for  finding  the  number  of  rivets  required  for  » 
flonble  cower  bntt-joint  (the  only  kind  of  which  we  shall  treat),  and  their 
clear  or  net  distance  apcurt  This  dist  +  one  diam  is  the  pitch  of  the  rivets,  or 
their  dist  from  center  to  center.  The  priBciple  of  the  rule  will  be  explained 
further  on,  at  Art  7,  p  474. 

First,  seleet  a  diam  of  rivet  either  equal  to  or  greater  than  .85  times  the 
thickness  of  the  plate.  In  practice  they  are  generally  1.5  times  for  plates  }4  inch 
or  more  thick ;  and  2  for  thinner  than  }4  in. 

Second,  mult  the  greatest  total  pull  m  pounds  that  can  come  upon  the  entire 
joint  by  the  ooef  (3,  4,  or  6,  Ac)  of  safety,  and  call  the  product  p. 

Third,  multiply  the  crippling  area  of  the  rivet  (that  is,  its  diam  X  the  thick- 
ness of  plate)  by  60000.  The  prod  is  the  ult  crippling  strength  of  a  rivet  Call  it  wk 

Fourth,  divide  p  by  m.  The  quotient  will  be  the  number  of  rivets  to  sustain 
the  given  pull  with  the  reqd  degree  of  safety. 

Then,  the  clear  distance  apart  will  be 

Number  of  rows  X  Diam  X  00000 
38500 

Fifth.  The  clear  dist  from  either  end  hole  of  a  row  (o  the  side  edge  of  the  plate, 
should  be  not  less  than  half  the  clear  dist  between  two  rivets  in  a  row. 

Example.  A  double-cover  butt-joint  in  .5  inch  thick  plate  is  to  bear  an  actual 
pull  of  33750  fts,  with  a  safety  of  4;  or  not  to  break  with  less  than  33750  X  4  = 
135000  fbe.    How  many  rivets  must  it  have ;  and  how  &r  apart  must  they  be  ? 

First,  Uere  .85  times  the  thickness  of  the  plate  Is  .6  X  -85  =  .426  inch ;  there- 
fore, our  rivets  must  not  be  less  than  .426  inch  in  diam ;  but  we  will  take  .75  inch 
diam.  _^ 

Aecond,  The  greatest  pull  X  coef  of  safety  =  33760  X  4  =  136000  lbs  =  p. 

Third,  The  crippling  area  of  a  rivet  X  60000  ==  .75  X  .6  X  60000  =  22500  =  m. 

«         135000 
Fourth,  —  =»  -z^ —  =  6  rivets  required  on  each  side  of  the  joint-line. 

'  m        22500 

And  the  dear  space  or  net  width  between  them  will  be.  If  the  6  wtwetm 
are  In  one  row : 

Plam  X  60000  _  45000 

^bOO  38500  °*    *  • 

And  the  pitch  =  net  space  +  diam  =  1.1688  +  .76  =  1.9188  ins,  =  — ^^— 
=»2.56diKm8.  '*^ 

lu  practice,  to  avoid  troublesome  decimals,  we  might  make  the  net  space  1.2  ins; 
and  the  pitch  1.95;  but  to  show  farther  on  the  working  of  the  rule,  we  adhere  to 
th«  more  exact  ones. 

Fifth,  The  clear  dist  from  each  end  hole  to  the  side  edge  of  the  plate  is  half  of 
1.1688  =  .5844  Ins. 

The  entire  width  of  net  iron  is  equal  to  one  clear  space  X  number  of 
rivets  ==  1.1688  X  6  »=  7.0128  ins;  and  the  entire  width  of  plate  is  equal  to  one 
'^itch  X  number  of  rirets,  =  1.9188  X  6  =  11.5128  ins. 
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The  area  <^  cfom  teetioD  of  nnboled  plate  ie  11^128  X  •'^  «•  6.76M  eq  Ins;  lU  t<m- 
eUe  strength  before  the  lK»l«e  are  made  is  UM4  x  46000  »  259038  lbs. 

136000 
The  strength  of  our  joint,  omitting  friction,  is  therefore  „,^„„  —  .52  of  thnt  of  the 
original  nnholed  plate.  269038 

If  tbe  6  rlTets  are  In  3  rews  of  8  rlTets  each,  the  elear  disi  be- 
tween tiro  rivets  in  one  row  will  be  twice  as  great  as  before,  or  twice  1.1688 
=  2.3376  ins.  Piteb  sr  2.3376  +  .76  =  8.0876  ins  »  8.0876  +  .75  »  4.12  diams. 
Oear  dist  from  end  bole  to  side  edge  of  plate  »  half  of  2.3376  »  1.1688. 
Entire  width  of  net  Iron  ^  2.8376  X  3  »  7.0128  ins.  Entire  width 
of  plate  =-  3.0876  X  3  »  9.2628  ins.  Area  of  eroes  iieetlon  of  nnholed 
piate=9.2628x  .5='4.63U  sqins.  Ultimate  tensile  strength,  nnholed 
==>  4.6314  X  46000  =«  208413  lbs.    Vlt  strength  of  riveted  Joint,  omitting 

135000  *         -F  • 

friction  =  208413  *"  '^  ^^  ^'***  **'  ****  mnholed  plate. 

Thus  we  8fte  that  the  arrangement  witli  two  rows  gives  the  same  strength  ss  one 
row,  with  a  less  total  width  and  area  of  plate.    It  of  coarse  requires  lot^ir  comts. 

If  the  6  rivets  are  In  3  rows  of  2  riveu  each,  the  area  of  erons 
seetlon  of  the  nnholed  plate  is  4.2565  so  ins.    lu  tensile  strenvlh. 

191542  lbs.    Strength  of  riveted  Joint  —  |^^  >-  .7  of  that  of  the  uoholed  plate. 

The  entire  width  of  net  iron  (7.0128  insh  its  area  (7.0128  X  .6  —  8.6064  sq  ins); 
and  its  ultimate  tensile  strength  (8.6064  X  88600  =  135000  lbs),  are  the  same  in  each 
case.  The  last  is  the  required  breaking  strength  of  the  Joint,  as  in  the  beginning 
of  our  example ;  and  is  equal  to  the  combined  crippling  strength  of  the  six  rivets. 

Art.  6.  The  distance  apart  of  the  rows,  from  center  to  center  of 
rivets,  should  not  be  less  than  two  diameters  of  a  rivet-hole. 

Rem.  1.  With  our  constants  for  tension,  shearing,  and  compressloB,  the 
rivets  will  not  vleld  first  by  shearing  in  &  double-cover  butt  (and 
of  course  in  double  shear),  except  when  the  diara  is  either  equal  to  or  less  than 
.85  of  the  thickness  of  the  plate,  which  will  rarely  happen.  At  .85  the  crippling 
and  shearing  strength  of  a  rivet  are  equal  when  using  our  assumed  coeff^  of  crip- 
pling, shearing,  and  tension. 

Rem.  SS.  Our  example  was  chosen  to  illustrate  the  rule.  It  will  rarely  hap- 
pen in  practice  that  the  rule  will  give  a  number  of  rivets  without  a  fraction ;  or 
that  may  be  divided  by  2  and  by  3  without  a  remainder.  In  case  of  a  fraction,  it 
is  plainly  best  to  call  it  a  whole  rivet;  although  the  Joint  thereby  becomes  a  trifle 
stronger  than  necessary.  Or  rivets  of  a  slightly  din  diam  may  be  used.  If  the 
number  of  rivets  comes  out  say  7  or  9,  we  may  make  2  rows  of  3  and  4,  or  of  4  and 
5,  Ac.  Moreover,  the  width  of  the  plate  is  frequently  fixed  beforehand  by  some 
requirement  of  the  structure,  and  we  musst  arrange  the  rivets  to  suit,  taking  care 
in  all  cases  to  maintain  the  calculated  area  of  net  iron  in  one  row,  Ac. 
Rem.  3.  We  have  (as  we  at  first  said  we  should  do)  confined  ourselves  to  the 
simple  butt-joint  with  2  covers,  and  with  the 

_$ Q   ,      .      rivets  in  either  1,  or  in  2  or  more  parallel  rows 

I  0  I    I     c      on  each  side  of  the  Joint^line ;  this  being  the 

'  \     J     strongest  and  the  one  in  most  common  use  in 

enjrineering   structures.     Necessity   at   times 

calls  for  less  simple  arrangements,  for  which 

,     X      we  cannot  aflbrd  space,  and  the  strength  of 

I     <     which   is   not  so   readily   calculated.    These 

K  y  sometimes  yield  results  which  i^pear  strange 

to  the  uninitiated ;  thus,  this  lap^oint  breaks 

across  the  net  iron  of  one  plate,  along  either  ceoroo,  where  there  it  moai  qfiL  and 

where,  therefore,  it  might  be  suppose!  to  be  the  strongest. 

Rem.  4.  The  following*  table  shows  approximately  the  comparative 
strengths  of  the  common  forms  of  Joints  when  properly  proportioned ;  vftnring 
with  quality  of  sheets,  and  of  rivets : 


with 

fHotiOD. 

The  original  unholed  plate ,    l.OO 

Double-riveted  butt  with  two  covers ~ .80 

Double-riveted  butt  with  one  cover 65 

Single-riveted  butt  with  one  cover.. ^ .60 

Double-riveted  lap .^.* 65 

Single-riveted  lap «     .60 


WHhont 
friotioii. 
1.00 
.64 
.62 
.40 
.52 
.40 


35 
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d.  The  aboTe  tabular  strengths  for  the  lap-Joints  will  be  approx* 
imately  attained  br  adopting  the  following  proportions,  according  as  the  joint  Is 
double-  or  single-riTeted. 


Calling  thickness  of  plate^ 

Then  make  diam  of  rivet 

"         **     breadth  of  lap. 

**         "     nitch  from  cen  to  cen. 
*•        **     aist  ftom  end  of  plate  to 

edffe  of  holes 

"         "     dist  apart  of  rows  from 
cen  to  cen 


I>««Ue  rlT.  slsBas. 

la  (hiokneMes.  In  diams. 

BlBi^ 

In  thicknesses. 

In  diams. 

1. 

1.67 
9.0 
7.0 

.6 
1.0 
5.4 
4.2 

1. 

1.67 
6.67 
4.5 

.6 
1.0 
8.4 
2.7 

2.0 

1.2 

2.0 

1J2 

8.33 

2.0 

.  6.    If  two  or  more  plates  on  top  of  eacb  otlier,  as  the 

four  in  A  B  or  M  U,  are  to  be  jointed  together  so  as  to  act  as  one  plate  of  the 
thickness  c  c,  the  diams  of  the  rivets,  and  the  thickness  of  the  covers  e  c,  e  e  will 
depend  upon  whether  the  junctions  of  the  plates  are  all  in  one  line  with  each 
other  as  at  c  0,  in  A  B,  or  whether  they  break  joint  with  each  other  as  at  0, 1,  2.  3 
in  M  H.  ^ 


It  is  plain  that  the  two  covers  c  c  by  means  of  their  connecting  rivets  convey 
from  A  to  B,  across  the  joint  c  c,  all  the  strength  that  partly  compensates  for  the 
severance  of  the  four  plates  at  that  joint ;  whereas  the  two  covers  ee^ee.  and 
their  rivets  in  like  manner  convey  from  n  of  one  single  plate,  to  o  of  the  adjoining 
one,  across  the  joint  between  those  two  letters,  only  the  strensth  that  partly  com- 

rnsat^s  for  the  severance  of  that  single  plate ;  and  so  with  the  joints  at  1,  2,  and 
Therefore  the  covers  c  c,  and  their  rivets,  must  be  four  times  as  strong  as  those 
at  any  one  of  the  four  joints  0, 1,  2,  3.  The  first,  c  c,  are  to  be  regarded  as  joining 
two  solid  plates  A  and  B,  each  of  the  fourfold  thickness  c  e ;  and  the  others  as 
ioining  two  of  the  single  thickness.  The  covers  e  c  will,  therefore^  each  be  about 
two- thirds  of  the  thickness  c  c;  and  the  others  each  about  two-thirds  as  thick  as 
a  single  plate.  Thus,  suppose  each  of  the  4  plates  inAB<M>MHtob6^  inch  thick ; 
making  <;c  3  ins.  Then  each  cover,  c,  is  ^  of  3  ins,  or  2  ins  thick ;  or  the  two  covers, 
ec^  together  4  ins,  which  is  thus  the  effective  thickness  of  the  joint,  cc.  But  each 
cover,  e  e,  is  only  %of%  inch,  or  ]4  inch  thick ;  and  the  effective  thickness  of  joint 
at  either  0, 1,  2,  <m-  3,  is  that  of  the  3  unbroken  plates  plus  that  of  the  2  covers,  or 
(3X%)  +  (2XH)  =  3^ins. 

Art.  7.  Principle  of  the  Rule  in  Art  5.  With  our  constants  for 
shearing  (45000  lbs  per  square  inch)  and  for  crippling  (60000  Ibv  per  square  inchX  and 
with  diameter  of  rivet  equal  to,  or  greater  than,  .85  times  the  thidcnees  of  the  plate, 
as  by  our  rule,  the  crippUmg  strength  of  a  double  cover  butt  joint  wiH  be  equal  to,  or 
less  tlmn,  its  shearing  strength.  Therefore,  to  avoid  waste  of  material,  either  in  the 
plate  or  in  the  rivets,  we  must  make 

«i?Ii?«i  NX  Thickness  ^  Tension  Crippling  area  ^  Crippling  ^  Total  nomber 
plate  ofpl»te   ^     unit     ^    of  one  rivet   ^      unit      ^     of  rivets. 

Now,  by  Art  3,  the  crippling  area  of  a  rivet  is  =  diam  of  rivet  X  thickness  of 
plate.  We  take  the  crippling  unit  at  60000  lbs;  and  the  tension  unit  at  M500  tM. 
Therefore  (transposing)  we  must  make 

Total  net  width  _  ^TJ'  X  ?,"?,":?  X  «0000  X  "'<'»''  """""«' 


of  plate 


c     rivet 


of  plate 


of  rivets 


Thickness  of  plate  X  38600 
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By  making  the  clear  dist  between  eacb  end  rivet  of  a  row  and  the  side  edge  of 
plate  =  half  the  clear  dist  between  two  riTets  in  a  row;  and  calling  the  snm  of  the 
two  end  dlsts  one  space,  we  have 

Number  of  spaces       Number  of  rivets    o.  ^.  .^ 
in  a  row         =         in  a  row.  »<>«»»« 

Tlie  dear  dist  between  tw*  rlveto  In  a  row,  which  is 

^     Total  net  width  of  plate  Total  net  width  of  plate 

Number  of  spaces  in  a  row      ^       "^  Number  of  rivets  in  a  row 

Diam  of  _  Thickness  ^  anMt\  v  Total  namber 
rivet     ^    of  plate    ^  ^^^^^^  ^       of  rivets 

"^         Thickness  v.  ootinti  \y  Number  of  rivets 
of  plate    ^  "***""  ^         in  a  row. 

But  Total  number  of  rivets  „      .        , 

- — — -— r — -- —  =  Number  of  rows. 

Number  of  rivets  in  a  row 

Therefore,  omitting  'Hhickness  of  plate,*'  common  to  both  nnmerator  and  denaok' 
inator,  we  have,  as  in  rale  in  Art  6, 

Clear  dist       Diam  of  rivet  X  COOOO  X  Number  of  rows 
aimrt      ^  Ss'SoO  ' 

But  If  the  diameter  of  the  rlTets  Is  less  than  .85  times  the 
thlekness  of  the  plates,  the  shearing  strength  of  a  double-oover  butt  joint 
(with  our  assumed  constants  for  shearing  and  crippling)  is  less  than  its  Gripping 
strength.    In  such  cases,  for  the  clear  dist  between  two  rivets  in  a  row,  say 

_  Circular  area  of  a  rivet  X  Shearing  unit 

Clear  dist  =*  — rpgicknese  of  plate  X  Tension  unit        ^ 

Rem.  1.  Butt  Joints  In  doable  shear,  or  with  2  covers,  being  the 
only  ones  here  considered,  and  inasmuch  as  rivet»  may  always  be  used  with  a  diam 
greater  than  .85  of  the  thickness  of  the  plate,  we  may  in  practice  always  use  the 
RiiIh  in  Art  6  for  such  Joints;  and,  tlierefore,  we  gave  It  alone. 

Bern.  2.  When  using-  these  rales  for  other  kinds  of  Joint, 
such  as  laps,  or  butts  with  single  covers,  remember  that  the  rivets  in  siicn  are  in 
Slns^le  shear;  and,  therefore,  we  can  use  Rule  in  Art  5  (for  crippling)  only  when 
the  diam  is  cither  1.7  or  more  times  the  thickness  of  plnte.  If  less,  use 
Rule  above  for  shearing:;  all  on  the  assumption  that  our  foregoing  cuefs  of 
crippling  and  shearing  are  UMd. 

Bnt  the  eoef  for  tension  mnst  be  changed  for  each  kind  of  these 
other  joints,  to  allow  for  the  weakening  efffects  of  the  bending  shown  at  W,  Figs 
8.  as  deduced  approximately  from  experiment.  The  writer  believes  that  the  fol- 
lowing tension  units  will  give  safe  approximate  results  without  friction.  For 
donble>eoTer  bntts, double-riveted,  38500 9>8 per  sqlnch,  as  adopted  above. 
For  donble-ri  veted  laps,  or  one-cover  butts,  28000.  For  slnfrle-rl  veted 
lane,  or  one-cover  butts,  24000.  But,  as  before  remarked,  no  great  certainty  is 
attainable  in  riveting. 

Bern.  3.  A  Joint  may  fall  hy  crippllnip  without  the  facts  being 
known  or  even  suspected,  for  it  does  not  implv  that  anything  breaks,  but 
merely  that  the  joint  has  stretehed ;  and  tnis  might  not  be  detected  even  on 
a  sUght  inspection  of  it.  Still  it  might,  and  probably  often  has  sufficed  to  endanger, 
and  even  destroy  both  bridges  and  roofs  by  generating  strains  where  none  were 
provided  for. 
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Art.  7.  BreakloiT  ^y  shearluic.  Let 

abed.  Fig  1,  represent  a  beam,  with  its  ends 
resting  on  supports  SS;  with  a  load  I,  so  heavy 
as  to  break  it  by  forcing  its  entire  central  part, 
oogg,  awaY  from  the  two  end  parts  adg  and  bco; 
90  that  while  the  two  latter  remain  in  their 
places,  the  central  part  ilides  out;  or  is,  as  it 
were,  punched  clean  out  from  between  them. 
This  peculiar  mode  of  fracture  is  called  shearing^ 
or  delrusinn.  The  force  required  to  produce  it, 
or  the  resistance  which  the  beam  opposes  to  such 
a  force,  may  practically  be  assumed  to  be  in  pro- 
portion to  the  area  of  the  sheared  section.  Thus, 
since  the  area  of  cross  section  of  a  beam  1  ft  sq 

is  4  times  as  great  as  that  of  a  beam  6  ins  sq,  the  former  will  present  4  times  as  great 
a  resistance  to  shearing;  or  will,  in  other  words,  require  4  times  as  great  a  loi^  ur 
pres,  to  shear  it  across.  In  Fifi;  1  the  total  sheared  area  is  equal  to  twice  the  trana- 
▼erse  area  of  the  beam.  See  Eye-bars  and  Pins,  page  612.  Bridge  chords  are  ex> 
posed  to  great  shearing  force  where  they  rest  on  the  abuts,  but  it  becomes  leas 
toward  the  center  of  the  span;  and  so  with  every  equally  k>aded  beam.    See  p532» 

We  have  very  few  experimental  data  on  this  subject. 

The  shearlnic  strencth  of  white  pine,  spmoe, 
and  hemlock,  parallel  to  thejwr^,  by  the  author,  250  to  600  lbs 
per  sq  inch ;  oak  400  to  700 ;  and  is  of  use  in  estimating  the 
resistance  along  the  line  c  c,  Fig.  2,  at  the  end  of  a  tie-beam; 
or  at  the  head  of  a  queen-post,  <&c. 

Across  the  fibres  the  writer  found  for  spruce  about 
8250  lbs ;  white  pine  and  hemlock  2500 ;  yellow  pine  4300  to 
6600  *  white  oak  4400. 

Wronirlit  Iron  is  stated  at  35000  to  55000  lbs  per  sq 
inch;  cast  iron  20000  to  80000;  steel  45000  to  75000  lbs; 
copper  33000.  "^ 

The  shearing  strength  of  steel  and  wrought  iron  is  about  % 
part  less  than  the  tensile.  The  punching  of  rivet-holes  in 
iron  or  steel  plates,  is  an  example  of  shearing.  The  rivets  in 
tubular  bridges  are  frequently  sheared  in  two,  in  time,  by  the  motion  of  the  plates 
through  which  they  are  driven.  In  punching  holes,  the  area  of  section  is  evidently 
found  by  mult  the  circumf  of  the  hole  by  the  thickness  of  the  plate  in  which  it  is 
punched.  If  a  piece  of  material  be  supported  as  shown  in  Fig  2V^  its  resistance  to 
shearing  will  be  3  times  as  great  as  in  Fie  1,  where  it  is  sheaxea  across  in  2  places 
only ;  whereas  in  Fig  2)^  shearing  would  have  to  occur  at  6  places,  as  per  the  6 
dotted  lines. 

Art.  8.    Breaklngr  ^J  torsion,  or  twistlnfr*    Let  n.  Fig  3,  be  a  vert 

•ylindrical  rod  of  any  material,  1  inch  diam,  the  lower 
end  of  which  is  vmmovaJbly  fixed;  and  let  c  be  a  lever        _ 

whose  leverage  a  6,  measd  from  the  axis  of         Oj -.0, 

the  cylindrical  rod,  is  1  ft.    Suppose  that  with  a  spring  [ 

balance  attached  to  the  end  h  of  the  lever,  we  apply  force  *"  ^- 

horizontally,  and  around  the  axis  of  the  rod  as  a  center, 

until  the  rod  breaks  by  being  twisted.    Then  if  we  mult 

together  the  leverage  ah  {V  foot)  and  the  amount  of  force  Fig.  3. 

«hown  by  tlie  spring  balance  in  ft)s,  and  div  the  prod  by 

the  cube  of  tlie  diam  of  the  rod  in  ins  the  quot  will  be  a 

certain  number  of  foot-pounds ;  and  will  be  what  is  called 

the  constant,  or  coe;fficient  for  torsion^  for  all  cylindrical  bars  of  that  material.    If  we 

use  a  square  bar,  we  shall  get  the  coef  for  square  bars ;  and  so  with  any  other  shiqM. 

So  that  if  with  any  other  bar,  or  shaft,  we  mult  the  cube  of  its  diam  in  inohes  bf 
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■aid  constant,  and  diy  the  prod  by  the  lererage  in  feet,  the  quot  will  be  the  force  in 
Bra  wiiich  will  twist  the  bar  in  two*    In  shape  of  formulas, 

Leverage  ^  Brkg  force  Cube  of  diam  ^  n^nat^nt     Breaks 

to  feet    X      in  lb,         ^^^^^^     Ani      '°""        ^^'"*^*     1^.'  Al» 
Cube  of  diam  in  ins  Leverage  in  feet  in  Jtm. 

Cube  of  diam  v>  rr^^atani  Leverage  ^  Brkg  force 

in  ina        ^  constant     Leverage  in  feet    ^      in  lbs  Cube  of  diam 

Brkg  force  in  fi)8        ^   ^^^^^-  Constant  ^       *»»  ins. 

Tbe  eonstent  for  flolid  eyllndem  of  average  cast  iron  is  about  600; 
and  for  wrought  iron  800.  For  puddled  steel  about  700;  cast  steel  1000  to  1700. 
Wrought  copper  400.    All  may  vary  one  fourth  part  of  these  more  or  less. 

For  woods,  rough  averures.  W  pine  or  spruce  20  to  25  ft-Bhk  Y  pine  36. 
Ash  40.    W  oak  50.    Locust  75.    Hickory  85. 

To  find,  by  the  last  formula,  the  diam  of  a  rod  to  have  a  safety  of  3,  #,  5,  Ac, 
against  a  given  twisting  force  in  9>s,  first  mult  said  force  by  3, 4,  6,  Ac,  as  the  case 
may  be,  and  use  the  prod  as  the  breaking  force.   The  diam  will  then  be  the  safe  one. 

Any  angle  described  by  the  force  at  b,  when  made  to  revolve  around  the  axis  of 
the  rod  as  a  center,  during  the  twisting  process,  is  called  the  angle  of  torsion.  "Die 
length  of  the  twisted  rod  or  shaft  does  not  affect  the  amnurU  of  force  reqd  to  produce 
rupture ;  but  the  longer  it  is,  the  greater  will  be  the  angle  of  torsion ;  or  in  other 
words,  the  greater  will  be  the  dist  through  which  the  force  must  revolve  around  the 
axis  before  fracture  takes  place.  On  the  other  hand,  a  long  shaft  will  twM  through 
a  gitfen  angU  under  a  less  force  than  a  short  one  of  same  diam  and  material ;  and  will 
more  readily  bend  under  torsion.  Authorities  say  that  a  working  shaft  should  not 
twist  more  than  I*'.    We  should  not  expose  it  to  more  than  .1  of  its  nit  strain. 

If  we  know  the  force  in  lbs  per  sq  inch  reqd  for  shearing  any  material,  see  pr^ 
eeding  Art,  then  the  force  required  to  break  a  cylinder  or  it  by  torsion,  is 
Torsion     One-half  the  shearing  v  <i  I4ifi  v  ^^^^^  ®'  ™*  <>' 
force  =a  force  in  lbs  per  sq  inch  ^  **-^**"  ^  cylinder  in  ins 
in  lbs  Leverage  in  inches. 

Ttkmt  of  »  Minare  shaft  is  about  1 J  times  that  of  a  round  one  whose  diam 
is  equal  to  a  side  of  the  square ;  or  about  i  leas  than  that  of  a  round  one  of  the 
same  transverse  area.    For  any  solid  rectanipiilar  sbafl 

^^  One-third  of  the  shearing  ^  The  square  of  ^  The  square  of 

_     p>»»king  force,  in  fts  per  sq  in      ^       one  side       ^  the  other  side. 

Torsional  force  *» 's \.    ,  4.v. ftc-' — r • 

jQ  1^  Square  root  of  the  sum  of  the  v.  Leverage 

above  two  squares  -^  in  inches. 

SoUow  shafts  resist  torsion  better  than  solid  ones  of  the  same  area  of 
metaL    Calling  the  outer  and  inner  diams  in  ins  D  and  d,  then 
Breaking         (D*  —  d*)  X  Constant 

Torsional  force  =  \= ,    j>.  ^;  tv 

inttw  Leverage  in  ft  XI> 

Strengrtli  of  wroafplit-lroii  sftLaftJnur.  The  shafting  used  for  the 
transmission  of  power  to  the  diff  parts  of  machine-shops,  many  manufkcturing  es- 
tablishments, Ac,  is  subjected  to  twisting  strains.  It  is  usually  made  cylindrical, 
and  of  wrought  iron.  Experience  shows  -thiit  We  nftay  safely  use  the  following  for 
shafts  of  iron  of  good  quality,  bearing  but  little  weight,  and  well  supported  at  proper 
intervals,  say  8  or  9  fL,  by  8elf-«4Justing  ball  and  socket  hangers. 

Diam  of  a  wrought  ^  /  /  Horse-poweni 

iron  shaft  in  ins.  \/  Number  of  revs  ^  *'^** 

^        per  minute 

Or  in  words :  for  the  diameter  In  inches  div  the  number  of  horse-powers  that  are 
to  be  transmitted  along  the  shaft,  by  the  number  of  revs  which  the  shaft  is  reqd  to 
make  per  min.  Mult  the  guot  by  126.  Take  the  cube  root  of  the  product.  This 
cube  root  will  be  the  diameter  itself;  at  the  thinnest  part,  at  its  bearings. 

The  last  formula  shows  that  the  raster  a  shaft  revolves  under  the  same  number 
of  hora»-powers,  the  lees  is  the  torsional  strain  upon  it  This  may  at  first  seem 
strange,  but  lese  so  when  we  reflect  that  a  horse-power  is  made  up  of  prM  and  dist; 
therefore,  the  faster  it  moves,  the  less  is  its  pressure.  Hence  many  horse-powers  re^ 
▼elvinl;  rapidly  will  require  a  less  diam  than  a  small  number  revolving  slower  In 
proportion  than  its  number. 
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Art.  9.  Trannrcrse  (or  across)  StrengUi.    Sometimes  called  Relative 
BtrewkgtMt* 

When  either  « load  2,  Fig.  1,  or  any  other  vertical  force  acts  upon  a  horizontal 


Kig.  1 


beam  f  o  fixed  at  one  end^  the  beam  becomes  a  lever,  having  a  tendency  to  revolve 
about'the  fixed  end^  />  n  a  supporting  fblcrum,  and  in  no  doing  to  strain  or  break 
the  beam  by  farces  at  tension  and  compression,  acting  horiaontally  or  length- 
wise of  the  beam,  pulling  apart  the  upper  fibres  and  crushing  together  the  lower 
ones.  This  is  indicated  by  the  arrows  in  the  figure,  those  near  the  load  repre- 
senting respectively  its  poll  upon  the  upper  fibres,  and  its  push  aloujg  the  lower 
ones,  while  those  near  the  wall  represent  the  corresponding  reactions  of  the 
support. 

The  load  or  other  force  together  with  the  weight  of  the  beam  also  tends  to 
break  the  beam  by  shearing  or  cutting  it  across  verticallp,  as  shown  at  Fig.  1, 
p.  532.  But  we  shall  here  treat  only  of  the  first  of  these  tendeneiea;  namely,  the 
tendency  to  bend  or  break  the  beam  (Fig.  1)  by  compressing  the  lower  fibres 
and  extending  the  upper,  ones. 

Such  a  tendency  exists  at  each  cross  section  as  ^  in  the  length  of  the  beam,  and 
is  called  the  moment  of  rupture,  or  brealKinK  moment^  or  moment 
of  the  load,  at  auclk  section.  It  is  measured  (as  are  all  moments,  see  pp. 
836,  etc.)  in  foot-tons,  foot-pounds,  or  inch-pounds,  etc ;  and  is  found  thus : 

Moment  of  rupture  about  t  «  The  load  X  its  leverage  about  t.  The 
leveraxe  about  t  is  the  shortest,  or  perpendicular,  distance  v  8  from  the  sectton 
t  to  the  line  of  direction  o  m  of  the  force  by  which  the  beam  is  strained.  When 
this  force  is  a  load  I,  acting  vertically  as  in  Fi^.  1,  the  leverage  v  s  is  necessarily 
the  horizontal  distance  between  the  given  section,  f ,  and  the  load,  I. 

The  product,  or  moment,  will  be  in  foot-pounds,  or  inch-tons,  etc.,  accordingly 
as  the  leverage  is  measured  in  feet,  or  in  inches,  etc.,  and  the  load  in  pounds,  or 
in  tons,  etc. 

For  a  given  load,  the  fpreateet  moment,  in  a  beam  like  that  in  Fig.  1,  is 
plainly  the  moment  about  the  pointy  f,  of  support;  for  that  i»the  section  about 
which  the  load  ha3  the  longest  leverage. 

If  tlfte  load,  Inntead  of  belns  concentrated,  like  I,  is  distributed  in  any 
way  alone  the  whole  or  a  part  of  the  beam,  its  leverage  is  measured  firom  the 
given  section  perpendicular  to  the  line  of  (Hrection  of  itn  center  of  gravity ;  which 
is  plainly  the  case  also  with  a  concentrated  load,  because  its  line  of  direction  also 
passes  through  its  center  of  gravity.  Thus,  the  weight  of  that  portion,  o  t  or  of. 
Fig.  1,  of  the  l>eam  itself;  beyond  the  given  section,  t  or/,  acts  as  a  distributed  load, 
having  a  momeut  of  its  own,  about  t  or/,  equal  to  the  product  of  its  weight  multi* 
plied  oy  the  horizontal  distance  from  its  center  of  gravity  to  the  given  section,  i 
or/.  But  for  the  present  we  shall,  for  the  sake  of  simplicity,  neglect  this  moment 
of  the  weight  of  the  beam  itself,  and  consider  only  that  of  the  extraneotis  load,  I. 

Before  the  beam  be»ds,  its  leverage  is  evidently  greater  than  afterwards,  and 
it  becomes  lessastho  bending  increases;  but  as  very  little  bending  is  allowed 
in  practical  oases  the  leverage  may  generally  be  assumed  not  to  change,  hut  to 
remain  as  when  the  beam  id  horizontal. 
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Lei  Fig.  2  represent «  rigid  beam,  incapable  of  fielding  except  by  rupture  along 


the  vertical  plane  i  e,  pulling  away  firom  the  wall  at  i  s,  and  crashing  into  it  at 
e  V.  80  as  to  assume  such  a  position  as  that  indicated  by  the  dotted  lines.  To  do 
tbu,  it  must  cause  a  lon^tudinal  stress  in  all  the  fibres  from  top  to  bottom  of 
the  beam  at  the  MCtion  t  n  e,  viz. :  a  tensif^  stress  in  those  above  n,  and  a  roni' 
pressivt  stress  in  those  below  n.  The  greatest  strain  is  at  the  top  and  bottom 
fibres ;  and  from  them  both  ways  it  dimwlsliea  until  at  n  it  is  notning.  This  is 
indicated  by  the  varyinK  dUtaneea  between  i  e  and  vs.  In  an  actual  beam, 
which  must  be  more  or  less  flexiUe,  the  load  lUso  stretches  or  compresses  the 
fibres  lengthwise  at  every  rertieal  section  along  the  entire  length  of  the  beam, 
more  or  less  according  to  its  levemge  and  moment  at  said  section ;  most  near  the 
fixed  end  and  least  near  the  free  end ;  so  that  the  extent  of  stretch  indicated  by 
s  i  is  the  sum  of  the  accumulated  stretchings  that  have  taken  place  in  the  top 
fibres  at  every  point  ftom  i  to  a. 
A  beam  o  o,  Vlg.  3,  supported  at  onl^  one  |«olntt  whether  at  the 


1=5 
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center  or  not,  and  balanced  by  two  either  equal  or  unequal  loads,  may  plainly  be 
regarded  as  two  levers,  each  of  which  is  essentially  in  the  same  condition  as  that 
in  Pig.  2.  Whether  the  loads  are  concentrated  or  distributed,  their  leverages  t; «, 
V  s,  are  (as  before)  to  be  measured  from  v  perpendicularly  to  the  lines  of  direction 
am^am.  of  iheir  centers  of  gravity  as  in  Fig.  2.  Both  the  5  ton  loads  are  mani- 
festly upheld  by  the  support,  which  of  course  reacts  vertically  upwards  again t 
them  in  a  vertical  line  with  their  common  center  of  gravity  n,  and  with  a  forco 
of  10  tons. 

Rem.  1.  Suppose  each  lever,  v  s  Fie.  3,  to  be  4  feet.  Then,  since  each  end 
load  is  5  tons,  the  moment  of  each  load  about  the  Ihlcrum  n  would  be  =  5  X  4  =  20 
foot-toDs.  Hence  it  might  seem  that  over  the  support  the  fibres  of  the  beam 
near  n  would  have  to  resist  a  combinf^  moment  of  40  foot-tons.  But  they  have 
actually  to  present  a  resistance  of  but  20  foot-tons,  on  the  same  principle  that  if 
two  men  pull  a^inst  each  other  at  two  ends  of  a  rope,  each  with  a  force  of,  say 
80  lbs,  the  strain  or  puU  on  the  rope  is  not  60  but  only  80  lbs.  because  strain  is 
the  reaction  (pressure  or  pull)  against  each  other  of  two  equal  opposing  forces, 
and  is  equal  to  only  one  of  them.  The  two  above  equal  momenU  are  merely  two 
forces  acting  through  leverages. 

A  1>cam«  snipported  at  both  ends,  and  loadrd  at  onljr  one 
point,  whether  at  the  center  or  not,  with  a  concentrated  load,  as  in  Fig.  4, 
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may  also  like  Fie  8  be  regarded  as  two  levers  with  their  eommon  Ailcrum  at  n 
in  a  vert  line  with  the  cen  of  gray  of  the  load.  This  however  is  by  no  means 
so  manifest  at  first  sight  as  in  Fig  3,  but  needs  a  little  explanation.  Let  the 
beam  bear  10  tons  concentrated  at  its  center,  then 
evidently  5  tons  of  it  will  rest  pressing  down- 
wards ou  each  end  support;  and  each  support 
will  therefore  press  upward  or  react  against  an 
end  of  the  beam  with  a  force  of  5  tons  as  per  the 
arrows.  Now  these  two  5-ton  reactions  of  the  nm- 
porls  in  Fig  4  are  to  be  considered  as  taking  the 
■™„  A  «>       place  of  the  two  5-ton  end  loads  in  Fig  3 ;  while 

'^^'  *•  the  10-ton  load  in  Fig  4  takes  the  place  of  the 

10-ton  reacHcn  of  the  svppori  in  Hg  3,  and  hence  in  this  view  of  the  case  is  no  longer 
to  be  con^dered  at  all  as  load,  but  merely  as  a  fixture  for  hdlding  the  common  ml- 
crum  n  of  the  two  levers  in  place,  or  in  equilibrium  with  the  upward  end  reactions. 
Being  no  longel*  regarded  as  load,  it  of  course  cannot  in  such  cases  be  assumed  to 
have  any  moment  of  rupture ;  that  property  being  now  transferred  to  the  end 
reactions.  StiU.  to  avoid  awkwardness  of  expression  we  always  speak  of  the  mo- 
ment of  tJie  load  even  in  such  oases,  rather  than  of  the  moments  of  the  roaeUons 
qfths  load.  In  both  Figs  3  and  4  the  forces  at  work  are  the  same  in  automU,  but 
plainly  reversed  in  direction, 

Bern,  ir  the  load  is  distrllMited  as  the  6  tons  in  Fig  5,  instead  of 
concentrated  as  in  Fig  4,  we  still  consider  the  beam  as  consisting  of  two  levers 
with  their  common  fulcrum  n  in  a  vert  line  with 
the  cen  of  grav  e  of  the  load.  But  to  find  the  mo- 
ment of  the  load  (or  more  correctly,  the  moment 
of  the  reactions  of  the  supports)  about  n  we  must 
proceed  a  little  difRsrently.  Thus  let  the  beam  be 
3  ft  span,  and  the  load  uniform,  weighing  6  tons, 
and  being  1  ft  long.  Find  by  role,  p  481,  how 
much  of  this  load  rests  on  each  support,  (4  tons  on 
a,  and  2  tons  on  o.)  The  upward  reactions  ef  the 
supports  will  therefore  also  oe  4  and  2  tons.  Then 
first  find  the  moment  about  n  qf  either  one  of  the  reac' 
This  moment  will  plainly  be  (4  tons  X  1  ft)  =  4 
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tions,  say  of  the  4-ton  one  at  a. 

ft-tons.  Then  find  the  moment  about  n  ot  thai,  pari  (8  tons)  ofthelgad  that  is  b^toeen 
n  and  a,  by  mult  the  wt  (8  tons)  of  that  part  by  the  hor  disv(en  =  .25  of  a  ft) 
between  its  cen  of  grav  and  n.  This  last  moment  (3  tons  X  -25  of  a  ft)  =  .75  of  a 
ft-ton,  being  downward,  evidently  diminishes  or  counteracts  the  upward  moment 
of  the  4-ton  reaction  at  a  about  the  same  fulcrum  n  to  the  same  extent,  and  is 
therefore  to  be  subtracted  from  it,  thus  leaving  4  —  .75  =  8.25  ft-ton  for  the  mo- 
ment of  the  6-ton  load  about  n. 

The  same  result  will  follow  if  we  use  the  2-ton  reaction  of  o,  with  the  hor  lever- 
age 0  M,  and  the  part  of  the  load  between  o  and  n.  To  find  the  moment  for  any 
other  point  than  n  see  pp  481  to  483.     ' 

If  the  heam  Is  locllned,  the  moment  of  rupture  may  still  be  found  by 
using  the  hor  span  and  segments  instead  of  the  inclined  ones;  but  the  resultiug 
longitudinal  strains,  as  well  as  the  shearing  forces  become  changed,  involving  much 
coniplicatioB.    We  confine  onrselves  therefore  to  hor  beams. 

In  a  cantilever^  Fig  'i9}4>  a  load  or  portion  of  a  load  causes  a  mo- 
ment or  strain  in  every  part  of  tlie  beam  between  said  load  or  por- 
tion of  load  and  the  point  t  of  ou^port,  but  at  no  other  point. 
Thus  c  causes  a  moment  at  each  point  between  i  and  t ;  and  a  causes 
a  moment  at  each  point  between  t  and  s;  but  a  causes  no  moment 
at  any  point  between  s  and  t. 


a     c 
Fig  291^ 

The  weifpht  of  the  beam  Itself  is  not  here  included.    When  requirod 
to  be  so,  consider  it  as  a  uniform  load,  and  use  Case  3  or  Case  10,  p    482  and  483; 
and  add  the  i-esnlt  to  that  obtained  for  the  load. 
The  defleetion  in  ordinary  cases  may  be  found  by  the  rule  on  page  506. 
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Ctoneiml  Bale  for  momentoof  mpiare  la  lior  ran  tile  vers,  no 

matter  how  irregularly  the  load  or  loads  may  be  distributed,  iiear  in  mind  that 
only  that  part  of  the  load  which  la  beyond  (towards  the  free  end  from)  auy  as- 
sumed point  tends  to  break  the  beam  at  that  point  as  a  fulcrum,  and  that  it  does 
so  with  a  leverage  =  dist  of  the  cen  of  grav  of  that  part  of  the  load  from  the  point. 
The  other  part  of  the  load  has  no  moment  at  that  point.  Thus  the  whole  load 
0  X  tends  to  break  the  beam  at  ^  or  i  with  a  leverage  =  a  jir  or  a  i  as  the  case  may 
be,  a  being  the  cen  of  grav  of  the  load.  And  so  for  the  moment  at  anv  other 
point  e,  F%  29,  as  ftfulcrom,  find  the  wt  of  all  the  load  e  z  between  c  and  the  free 
end  t  of  the  beam.  Also  find  the  cen  of  ^rav 
s  of  that  part  of  the  load.  Mult  the  weight 
just  found  by  its  leverage  c  t. 

Exaample  1.  We  use  a  uniform  load  in 
order  to  illustrate  the  rule  more  readily.  Let 
the  hor  yellow  pine  beam  « /  be  7  ft  long;  its 
breadth  and  itsaepth  «  e  each  6  ins ;  the  whole 
load 0x4 tons;  and c  the  noint or  folcmm at 
which  the  moment  of  the  load  is  reqd.  Then  the  wt  of  the  load  between  c  and  t 
to  3  tons ;  and  its  cen  of  grav  « is  1.5  ft  or  18  ins  from  c  Hence  the  load's  moment 
at  e  =  3  tons  X  18  ins  leverage  »  54  inch*tons.  That  is,  a  load  of  3  tons  tends 
with  a  leverage  of  18  ins  to  rupture  the  beam  at  e. 


Figr.  29. 


Example  2.    Let  VIg  30  be  a  rolled 

Iron  I  beam  cantilever  of  the  croes^section 
ihown  in  ins  at  S,  projecting  hor  10  ft  or  120 
ins,  and  bearing  a  concentrated  load  of  2  tans 
at  its  f^ee  end.  The  moment  ot  the  load/tt  the 
section  <  ei8  =  2  Xl^«  210  inch-tons. . 


»i?.ao. 


Fig.fflL 


Ctoneral  Bole  for  M  of  Rap  la  bor  beams  snpporfed 
at  eacb  en«i«  no  matter  how  Irregularly  the  load  or  loads  may  be  distributed. 
Let  i  n,  F^  31,  be  such  a  beam  of  yellow  pine 
of  6  It  or  72  ins  span,  6  ins  square,  and  loaded 
with  3  tons.  First  find  the  cen  of  grav  c  of 
the  whole  load  a  x.  and  what  portion  (1.25 
and  L75  tons)  of  said  load  rests  on  each  sup- 
port i  and  n,  thus,  as  whole  span  :  whole  load 
t :  eUker  arm  :  portion  at  (Aher  arm.  Con- 
sider the  upward  reactions  thus  found  (1.25  and  1.75  tons)  ot  the  two  supports  to 
be  two  forces  acting  vert  upwards  against  the  ends  of  the  beam  at  i  ana  n  as  de- 
noted by  the  arrows.  Let  o  be  any  point  whatever  in  the  beam  at  which  as  a  ful- 
crum the  load's  moment  is  requixed»  Assume  either  of  tl^e  upwAird  end  forces,  say 
the  1.25  tons  at  i,  to  be  acting  at  the  outer  end  <  of  a  lever  ^  o  (4  It  Tong)  of  which 
0  is  the  fulcrum.  Mult  this  force  (1.25  tons)  at  t  by  this  leverage  i  o  (48  ins).  Call 
the  product  (60)  p.  Find  the  cen  of  cnrav  («)  of  the  part  load  a  o  (2  tons)  between 
i  and  0.  Mult  sud  part  load  by  the  dist  o  s  (12  ins)  of  Us  cen  of  grav  («)  from  the 
given  point  or  fulcrum  o.  Deduct  the  product  (24)  from  p.  The  remainder  (36 
Inch-tons)  will  be  the  moment  at  o  of  tne  total  load  a  x.  The  same  result  will 
follow  if  we  use  n  and  the  1.75  tons  reaction,  but  with  the  load  z  o. 

Rem.  1.  If  tbere  Is  no  load  between  i  and  the  fulcrum  point,  as  would 
be  the  case  if  the  moment  had  been  reqd  at  any  p(^t  between  i  and  a  instead  of 
at  0,  then  tho  above p  by  itself  is  the  moment.  Thus  e  is  12  ins  from  i,  hence  the 
moment  at « (^  the  entire  load  a  x  is  1.25  X 12  » 15  inch-tons. 
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R^lll.  9.  AUhoiigh  !n  VIg  81  the  load  if  regarded  as  baring  no  momaU  at  dtker 
end  t  or  n  of  the  beam,  yet  it  prodooes  theartiw  foroet  there  equal  to  the  upward 
wactions.    See "  Shearing,"  p  M2.  ^  --*  r 

Although  the  foregoing  general  mlea  apply  to  all  the  foUowing  caMi, 
still  these  last  will  often  expedite  calculations. 


i 


32 


.n 


CAHrTII^ETERS. 

Case  1.    (Concentrated  loa4  at  free  end.  Fig  32. 

Greatest  moment  is  at  o,  and  =  load  Xon.  At  any  other  point 
a  it  is  ea  load  X  a  *•-  Make  «  v  =  greatest  moment,  join  vn; 
then  a  c  is  the  moment  at  any  point  a. 


Case  2.  Concentrated  load  at  any  point  a^Fig 
33.  Greatest  moment  is  at  o,  and  «>  load  Xoa.  At  e  it  is  » 
load  X  ca.  Make  o  «  =>  greatest  moment,  Join  v  u.  Then  e  e  it 
the  moment  at  any  point  o.  The  load  has  no  moment  between 
a  and  n. 


Case  S.  Vnlfonii  load  thronirlioat^  Fig  34.  Greatest  moment  is  at 
o,  and  =  whole  lolul  X  half  on.  At  s  it  is  nothing  At  any 
point  a  it  is  =s  load  on  an  X  half  an.  Make  o  v  «  greatest  mo- 
ment, draw  the  dotted  parabpla  with  its  vertex  at  n.  Then  a  e 
giyes  the  momeDt  at  any  point  a. 

ir  tile  load  is  not  unlforMi  the  greatest  moment 
is  =  whole  load  X  dist  from  e  to  its  cen.of  grav. 
Case  4.    liOad  on  one  part.  Fig 
...    Greatest  moment  is  at  o,  and  =  load  X  dist  from  o  to  cen     ^ 
of  gmv  0  of  load!    At  any  point  t  betwc*en  &ie  load  akid  d,  mo- 
metit  =«  load  X  <  <:•     At  any  point  a  in  the  load,  moment  =t     ^^-f 
load   on  a  t  X  dist  a  e  of  the  cen  of  grav  of  load  on  a  «     ^^ 
from  a. 

w      X      y 


\n  a  e  a  g 


^ 


Fitf^35 

(Tase  5.  Several  loads,  u>  s  y.  Fig  3A.  Find 
their  centers  of  grav  c,  a,  t.  Greatest  moment  is  at  o, 
and  =  (w  X  c  o)  +  (»  X  o  o)  +  (y  X  «  o).  Or  first  find 
the  common  cen  of  grav  of^  all  the  loaos,  and  mult  its 
dist  f^ora  0  by  the  sum  of  the  three  loads.  Between  the 
loads  the  moment  9X  g^yXg *\  at  c  =  (y  X  « «)  + 
(«X  a«);  and  atn  =  (y  X  «n)  +  (»  X  an)  +  (u»  X  c«). 


Case  6.  One  nnlform  load  and  one  local 
One,  Fig  37.  Greatest  moment  is  at  o.  Find  that  of  tlie 
uniform  one  by  Case  3 ;  and  that  of  the  local  one  by  Oase 
4,  and  add  them  together.    No  moment  between  a  and  n. 

BEAMS  SVPPOBTED  AT  BOTH  ENDS. 


an 


B 


Fig.37 


./ 


n 


% 


Case  7.   Concentrated 
load    at    center.   Fig  38. 

Oi^eatest  moment  is  at  center,  and  »  half  load  X  half 
span.  At  the  supports  it  is  nothing.  Make  c<  =  moment 
at  center,  join  to^ta\  then  ni=^  moment  at  any  |K>int 
n.  Or  the  moment  at  any  point  n  «=  half  load  X  o  *•>  « 
being  the  nearest  support. 

Cases.  Concentratc^d  ^ 

load  not  at  center.  Fig  .  /  \ 


Greatest  moment  is  at  the  load,  and  i8  =  load  X  '  o 
X  0  «  -i-  "  a.    Make  e  s  =  moment  at  load, 
then  at  any  point  c  the  moment  is  c  t.    Or 
o,  between  load  and  o,  moment  =  load  X  a 
At  any  point  m,  between  load  and  a,  moment 
XocXa»»-$-oo.    No  moment  at  o  or  o. 


Fi£r.39 


i  =  loaa  X  «  o           ^/^-^  ^>r   * 

,  join  «  o,  «  o;          /  r\  % 

r  at  any  point  0^  '  ^fear  XC^ 

)ment  =  load  ^06  w»     ^ 
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Cms*  •.    B«T«nd  e«B««Btri»<«d  londs  c  y  s,  Itg  40.   6y_  due  8  find 


/r 


the  greatest  moment  of  each  load  separately, 
and  for  each  of  them  draw  its  dotted  vertical 
and  two  inclined  lines  as  in  this  fig.    Then  for 
the  moment  at  any  point  whatever  as  e,  measure 
the  vert  dists  (in  this  case  eo^e  a,ec)  to  the 
sloping  lines,  and  add  them  together.    For  it 
is  plain  that  at  e  we  have  e  o  for  the  moment 
of  the  load  x  at  that  point:  e  a  for  that  of  the 
load  y ;  and  e  c  for  that  of  the  load  z ;  and  so  at 
any  other  point.    Or  make  en  —  eo-\-ea-{- 
.  ec;  also  make  * i  and  m h  respectively  e(|ual 
to  the  three  dists  above  «  and  m,  and  join  j  h  i 
91  *.    Then  at  any  point  along  the  beam  j  k  the 
vert  dist  to  these  upper  lines  gives  the  moment. 
Case  10.    Vnlftorm  load  from  end  to  eud.  Fig  41.   The  greatest 
moment  is  at  the  center  c,  and  is  =  half  load  X  quarter 
rig,  41,      span.    At  any  <$ther  point «  moment  ==  half  load  on  e  o 
X  ea;  or  to  half  load  on  ea  X  e  o.    Make  es  =  half  load 
X  quarter  span,  and  draw  a  parabola  o  «  a,  then  at  any 
point  e  the  moment  ia  *=  e  t.    Or,  moment  at  any  point  »> 
half  what  it  would  be  at  that  point  if  the  whole  load  were 
concentrated  there. 

The  shearing  or  vertical  strain  at  the  cen- 
ter is  7.ero  or  nothing.    See  Art  11,  p  535. 

Rem.  1.    The  weight  of  the  beam  itself  is  usually  such  a  load,  but  is  frequently 
80  small  compared  with  the  load  that  in  this  and  other  cases  it  may  be  neglected. 

Kem.  2.  In  the  case  of  a  uniformly  distributed  load  like  that  in  figure  12,  page 
535,  the  greatest  moment  of  rupture  that  can  occur  at  any  given  poini  on  the  span  is  when 
the  load  covers  the  span  from  end  to  end ;  and  in  beams  or  trusses  of  uniform  depth 
the  hor  strains  at  any  given  section  are  then  also  greater  than  under  any  partial 
load ;  so  that  if  the  chords  are  then  strong  enough  in  every  part,  they  will  be  strong 
enough  for  any  partial  load ;  which  is  not  the  case  with  wob  members ;  any  one  of 
which  is  most  strained  when  the  longest  segment  reaching  to  it  is  loaded.  See  p  536. 
Case  11.  Uniform  load  from  a  support  to  part  way  across. 
Fig  42.  Find  the  cen  of  grav  g  of  the  load,  and  oy  p  481  what  portion  of  it  rests 
on  each  support  o  and  x.  Then  by  General  Rule,  ~   ""^ 


m 


Fifir.42. 


mo: 


p  481 
the  mom  at  o  or  z  =  nothing.    At  n  or  at  any  point  a  be- 
tween n  and  a;  it  is  =>  portion  or  reaction  at  x  X  '  m  (or 
X  a  as  the  case  may  be).    At  any  point  e  between  n  and 
^  .0  moment  is  =  reaction  at  «  X  «  c  —  (load  on  c  n  X 

half  c  n)  or  to  reaction  at  o  X  o  c  —  (load  on  o  c  X  half 
0  e).   This  plainly  applies  to  unequal  loads  also.t 

To  find  the  place  of  (greatest  moment  t  if  the  load  is  uni^ 
form  say,  as  twice  xotnoitnotnt.  When  the  load  covers 
the  whole  beam  it  becomes  Case  10. 

Case  la,    Unlfornt  load  r«f»ehinir  to  neither 
support.  Fig.  43.    From  either  support  proceed  as  from 
X  in  Fig  42,  except  as  to  greatest  moment,  whioh  find  by  triaL^ 

•  On  ihia  ral^ect  mo  "  Homber'i  Strains  in  Oirdera,"  to  whioh  the  writer  it  ehieflj  indebted  tor  the 


y   i   H  a* 
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t  Kxoept  that  then  the  dUt  from  the  given  point  c  to  the  cen  of  gr«v  of  the  part-lowl  e  o  or  e  i»  in 
not  necessarily  equal  to  half  e  o  or  half  e  n ;  and  if  not,  8»id  dl«t  must  be  used  instead  of  said  half 
0  0  or  half  e  n. 


y  Google 


484 


BTBENGTH   OP   MATEBIAU3. 


The  moment  of  rnptare  at  any  point  e  in  a  beni  ploee  &  with  a  load 
upon  or  suspended  from  c,  is  equal  to  the  load  X  ite  leverage  1 1,  perp  to  c  w. 

This  moment  tends  to  break 
the  piece  R  at  its  cross  section 
at  t  by  tearing  apart  the  fibres 
to  the  right  ot  its  neutral  axis, 
and  by  compressing  those  to 
the  left  of  it;  and  to  this  mo- 
ment the  piece  R  opposes  the 
moment  of  resistance  of  that 
section  as  in  the  case  of  a  beam. 
In  an  arelieti  pleee  as 
8  loaded  at  any  one  point  o, 
draw  on,oin,  also  o  w  vertical  and  equal  by  scale  to  the  load,  and  complete  the 
parallelogram  oewcot  forces.  Then  will  o  e  and  o  c  by  the  same  scale  give  two 
ibrces  into  which  the  load  is  resolved,  and  acting  in  the  directions  om,on^  much 
as  the  two  strings  of  two  bows  oan,oufn.  The  force  o  e  tends  to  break  toe  how 
oumat  any  section  u  with  a  moment  =  the  force  X  its  leverage  u  v  drawn  firom 
the  point,  and  perp  to  o  m;  and  the  force  o  c  tends  to  break  o  a  n  at  any  point  in 
the  same  way  with  its  leverage.  The  section  at  u  or  elsewhere  resists  as  in  B. 
The  weights  of  the  pieces  B  and  S  themselves  have  not  been  taken  into  con- 
sideration. 


RESISTAirCK  OF   REAMS. 

Having  the  moment  of  rupture  of  tlie  load,  it  is  necessary  to  know  whether 
the  moment  of  Resistance,  or  simply  the  Resistance,  of  the  beam  is 

BttflBoient  to  withstand  it. 

The  foreffolnir  Instrnctions  for  finding  moments  of  rupture  apply  to 
horizontal  beams  of  any  form  of  cross^eetlon,  and  whether  said 
cross-section  is  iolid,  as  in  a  common  wooden  beam ;  or  open,  as  in  a  bridge-truss ; 
or  whether,  as  in  the  rolled  I  beam  or  plate  girder,  the  web  is  solid,  but  of  small 
cross-section  as  compared  with  that  of  the  flanges. 

But  in  treating  of  the  action  of  the  beam  In  reslstlngr  this  moment 
of  rupture,  we  shall  first  consider  only  those  beams  In  which  each 
fibre,  throughout  the  entire  cross-section,  is  to  be  regarded  as  oir  '         "~ 

moment  of  rupture  by  a  horizontal  or  lonfflti 

anee.     This  is  always  the  case  in  beams  of  solid  rectangula  ,  .    , 

Ac,  croRS-section ;  and  (strictly  speaking)  in  those  with  thin  solid  webs,  as  I  beams 
and  phite  girders ;  but  in  plate  girders  it  is  usual,  on  the  score  of  safety  and  in  view 
of  the  small  cross-section  of  the  web,  to  neglect  its  share  of  the  resistance,  and 
thus  to  regard  the  girder  in  the  same  light  m  a  tnus,  or  " open  beam."  For  the 
manner  of  resistance  of  such  beams,  see  pp  628,  Ac. 


oeiftins  mn  wnicn  encn 

3garded  as  opposlnir  the 

longitudinal  reslst- 

rectangular,  cylindrical,  oval. 
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THEOBT  OF  RKSISTABTCE  OF  CSAmKD  BKAMS. 

Scientists  give  the  following,  which,  however,  often  differs  ft-om  experiment  in 
beams  of  composite  cross-section,  such  as  I  beams,  Ac.    See  example,  p  489. 

Ill  a  elosed  beam.  Fig  2,  p  479,  each  of  the  fllnres  throughout  the  entire 
depth  of  the  yielding  section  ine  opposes  the  lH<eaking  moment  of  the  load  by  a 
Reslstinir  Moment  or  Moment  of  Resistance  of  its  own.  As  the  breaking 
moment  alwut  n  of  the  load  is  made  up  of  its  gravity-force  Or  weight  mult  by  it« 
leverage  or  perp  distance  n  c  from  the  fulcrum  or  neutral  ax  n,  so  the  resisting 
moment  about  n  of  each  separate  fibre,  say  for  instance  the  one  at  i,  is  made  up  of 
iU  natural  longitudinal  resisting  force  or  strength  mult  by  its  leverage  or  perp  dis- 
tance »t  above  or  below  the  same  'fiilcmm  n;  and  the  mm  of  all  these  separate 
moments  is  the  moment  of  reslstfunee  of  the  cro6s-8ecti<m,  t  n  c,  of  the 
beam.  A  line,  passing  through  this  fulcrum,  transversely  of  the  beam,  and  at  right 
angles  to  the  action  of  the  breaking  force,  is  called  the  nentral  axis  of  the 
given  cross-section. 

The  longitudinal  resisting  force  or  strength,  in  pounds  per  square  inch,  of  those 
fibres  which  are  forthest  from  the  neutral  axis,  is  eqoal  to  the  ultimate  tensile  or 
compressive  strength  of  the  material  in  pounds  per  square  inch,  pZtM  the  assistance 
in  ll>8  per  square  inch,  which  they  receive  from  their  natural  adhesion  to  each 
other.  This  adhesion  resists  the  laugitudinal  aliding  of  the  fibres  i^poo  each  other, 
without  which  the  beam  cannot  break.  This  total  resistance,  in  pounds  per  square 
inch,  of  the  fibres  farthest  from  the  tieutrat  axis,  is  called  the  Coeflielent  of 
Resistance  (frequently,  but  less  aptly,  the  '*  coefficient,  constant,  or  mo^n- 
Ins,  of  rapture")  of  the  material  of  which  the  beam  consists,  and  is  usually 
denoted  by  ^  C"  It  is  shown  (page  489)  to  be  =  18  times  the  center  breaking 
load,  iu  povnds,  of  %  beam  of  the  given  material,  1  inch  square  X 1  ioot  Bpan ;  » 
given  in  the  table,  page  493. 

The  other  fibres  of  the  beam  are  of  course  capable  of  exerting  a  resistance  equal  to 
that  of  the  farthest  fibres;  but,  owing  to  their  less  distance  from  the  neutral  axis, 
they  are  less  stretclied  or  compressed,  when  the  beam  yields.  They  are  therefore 
unable  to  put  forth  their  entire  resisting  power.  The  length,  throngh  M'hich  any 
fibre  in  a  bending  beam  is  stretched  or  compressed  (te,  the  extent  to  which  it  is 
lengthened  or  shortened),  is  plainly  (Fig  2,  p  479,)  proportional  to  its  perpendicular 
distance  from  the  neutral  axis ;  and,  inasmuch  .as  the  longitudinal  resistance  which 
it  actually  exerts  \r  proportional  to  the  lengthening  or  shortening  of  it,  it  follows  that 

Perp  dist  from     .  Perp  dist  from       Coefficient  of  resistance  Longitudinal  re« 

neutral  axis  to    .  nentral  axis  to  , .  (or  longitudinal    resist-  .  sistance  of  said 

/artAes<  filbre.      •  any  ^ven  fibre  ••  ance  of /art/iMt  fibre)  in  •  ^vm  fibre,  in  Ibe 

lbs  per  sq  in  per  sq  iu 

or  <:<'::C:/; 
therefore. 

Longitudinal  resist-  Coefficient  of      w    Wst  from  neutral 

ance  of  given  fibre,    =  resistance        ^    axis  to  gtpgn  fibre 

in  lbs  per  sq  in  Dist  from  neutral  axis  to /arthed  fibre. 

.       Of 
or       /=  — 

and 

Longitudinal  resistance  _  Its  longitudinal  resist-  _  Its  area 
of  given  fibre,  in  Z6«       "    ance  in  lbs  per  sqin    ^  insqina 
(F=/a) 

Coefficient  of  w  Dist  from  nentral  y     Area  of 
^      resistance      ^  axis  to  given  fibre  ^  given  fibre 
Dist  from  nentral  axis  to  farthest  fibre 

_       Ct'a 
or       F=-  — T — 
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The  momml  with  which  a  givea  fibre  raeists  the  mptvre  of  tlie  henm  is  plainly 
=  Its  longitadinal  resistance  X  Its  perp  dist  from  the  ueutral  axis 
or        r  =  F  f 

Coefficient  of  ^  Dist  from  nentral 


reeistauce 


axis  to  yJTen  fli)re 


Dist  from  neutral  axis  to  farthest  fibre 
Ct'a  ^ 


Area  of  ->.  ^  ,  ■  .  , 
Iriven  fibre  ,,  Diet  from  nentral 
X  axis  to  given  fibre 


Coefficient  of   resistance  Area  of  Square  of  dist  from  neo- 

Dist  from  neutral  axis  to  ^  «**«»»  fi*»«  ^  tralaxis  to  given  fibre 


farthest  fibre 
or 


It  follows  from  the  above  Chat  the  strengths  of  goUd  or  **  dosed  "  beams  are  as  the 
9qtiare$  of  their  depths;  although  in  "4Jpm"  beams,  page  528,  Ac,  it  is  simply  as  the 
depths. 

The  Moment  of  Rofttstanee  of  the  entire  cross-seethn  of  the  beam  is 


Coefficient  of  resistance  , 

Dist  from  neutral  axis  to  ' 

farthest  fibre 


rTlie 

1  the  pi 

LaU  the  fibres 


I  the  products 


of  )      ,  /Ai 
for 5-  <»'  (of 

I      j         Vfib 


the 
fibre 


Square  of   vT 

^  itsdistfrom  I  I 

neutral  ax  is/ J 


«        C     ^^    f»«|m,forain     .  ^ 
or,B^-^X   I    Sefibres    |  <rf  «^a; 


or,  B=> 


mg.iVA, 


This  sam,  or  <*  I,"  is,  for  convenience,  called  th<)  Moment  of  Inertia  of 

the  cross-section  of  the  beam  about  its  neutral  axis  G  G.    For  beams  of  rectangular 


cross-section,  such  as  Figs  p  487,  it  may  be  found  by  the  rules  on  that  page.  For 
irregular  sections,  as  Fig  14^  above,  it  cannot  be  found  by  ordinary  arithmetic,  but 
an  approximation,  sufficiently  close  for  all  practical  purposes,  may  readily  be  made 


thus :  Both  above  and  below  G  G,  and  parallel  to  it,  draw  lines  j  A:,  {  m,  Ac,  dividing 
the  section  into  narrow  strips.  If  these  lines  are  equidistant,  the  subsequent  calcu- 
lations will  in  some  cases  he  easier;  but  otherwise  it  is  immaterial  whether  they 
are  so  or  not.  If  they  are  drawn  no  closer  together,  pr<>portumally  to  the  size  of  the 
figure^  than  in  Fig  14>^,  the  approximation  will  be  near  enough  for  practical  pur* 
poses.  The  closer  they  are  the  more  accurate  will  be  the  result ;  but  however  close 
they  may  be,  it  will  always  be  a  trifle  too  small.  Betgin  by  finding  the  area  in  sq  Ins, 
of  the  first  strip  x  xj  k,  below  G  G.  Mult  this  area  by  the  square  of  the  dist  Or  to 
the  cen  of  grav  of  the  strip.  Then  proceed  to  the  next  strip  J  klm\  find  its  area; 
and  mult  it  by  the  square  of  the  dist  o  s  to  its  cen  of  gr  t.  So  with  each  strip  below 
G  G.  Add  all  the  prods  together.  If  the  section  has  the  same  shape,  siee,  and  posi- 
tion above  G  G  as  below  it,  (as  would  be  the  case  with  a  square,  I  beam,  or  circle,) 
mult  their  sum  by  2.  The  prod  will  be  the  reqd  moment.  But  if,  as  in  Fig  14U,the 
section  above  G  G  differs  from  the  portion  below  it,  we  must  div  it  also  into  strips, 
and  proceed  as  with  the  lower  part.  The  sum  of  aH  the  products  on  both  sides  of 
the  neutral  axis  will  then  be  the  moment  of  inertia. 
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Tlie  position  of  the  hor  nentral  axis  O  O,  nay  be  found  by  catHns 
©nt  a  correct  figure,  4  or  6  ins  long,  of  the  section,  drawn  on  thick  poper  or  tin,  and 
balancing  it  over  a  straight  edge.  The  line  at  which  it  balances  is  0  O.  When  this 
has  been  done,  the  dist  op,  in  ins,  to  the  farthest  fibre,  (which  ntay  be  either  aboye 
or  below  G  O,  according  to  the  shape  of  the  Fig,)  can  be  measured  in  ins. 
The  true  moment  ^  The  approx  moment  ,  The  moment  of  inertia  of  each  strip 
of  inertia  found  as  above        "^  t  m  n  p,  Ac,  about  it*  own  neutral  axis 

the  neutral  axis  of  each  strip  to  be  taken  parallel  to  that  of  tbe  whole  flgare. 
Or  (which  amounts  to  the  same  tfatng) 

The  moment  of  inertia  of       The  sum  of  the  moments  of 
the  whole  figure  abont    »  inertia  of  the  several  striea 
any  given  neutral  axis        about  the  same  neninl  axki 
inwhi<^ 


Moment  of  inertia  of  Its  moment  of  in- 

each  strip  about  the  neu-  —  ertia  about  ifa  own  + 
tralaxl8o/tt««>*ol«/r^  neutral  axis 


Its 


Dist*  from  neu-\ 
tral  axis  of  fig  \ 
to  that  of  strip  j 


This  affords  a  convenient  method  of  finding  the  moment  for  figures,  Uke  those  be- 
low,  made  up  of  rectangle ;  the  moment  of  each  rectangle  about  Its  own  neutral  axis 
being  =  its  breath  X  its  depth^  -j-  12. 

From  the  alwve  it  follows  that  In  any  hoUow  liinire,  as  A.  B.  D  or  G,  p  495, 
or  in  figs  1  to  6  below  »      — .    i 

*       The  moment  of  in-        Mom  of  in  of  the  en-  Mom  of  in  of 

/j^        le  ertia  about  any     —  *^^. "?  (including  the  __     the  miBsing 

^^       '        given  neutral  axis         missing  parts)  about       parts  about  the 

the  same  axis  same  axis 


lO  Thus 


Mom  of  in  of  Mom  of  in  of  Mom  of  in  of 

channel  o6od  —  rectangle  a b<ir  A  —  rectangle  cd«/ 
«/^AaboutGG  about  GG  about  GG    v 

The  moment  of  inertia  is  plainly  independent  of  the  material  of  which  the  beam 
eonsists,  of  the  span,  and  of  the  manner  in  which  the  beam  is  supported  or  loaded; 
and  is  the  same  for  all  beams  of  a  given  croU'tection.  It  follows  from  the  foregoinit 
that  it  is  proportional  to  the  cube  of  the  depth  of  the  beam. 

Moments  of  Inerti»  of  a  few  well-known  figs  are  given  below.  Those  of 
simihir  figs  are  to  each  other  as  their  breadths  X  cubes  of  depths. 

Square.    (Fourth  power  of  side)  -i-  12,  whether  any  side  or  diagonal  is  vert. 

ParallelOfirranif  rectangular  or  otherwise ;  neutral  axis  parallel  to  either  two 
of  the  sides.  Breadth  X  (cube  of  depth)  -i- 12.  The  breadth  must  be  measured 
parallel  to  the  neutral  axis;  and  the  depth  at  right  angles  to  it. 

Hollow  sqnare  or  rectansle.    [(B  x  D»)  —  (fc  X  d>)l  -i- 12.* 

Cirele.    Rad4  x  J8fi4.    Semiefrele.    IUd4  x  .1098.         ^ 

Ringr-    (Outer  rad*  —  Inner  rad*)  X  .7854. 

Ellipse.    Long  diam  vert.    Half  short  diam  X  (half  long  diam)»  X  .T854. 

EllllMJe  rinic.  Long  diam  vert.  Let  L,  8,  i, «,  be  half  the  long  and  h«lf 
the  short  dianis.    Then  [(S  X  L«)  —  («  X  P)3  X  .7854. 

Trianiple.  Base  X  Perp  Ut8  -h  36.  The  base  is  that  side  which  is  parallel  tw 
the  ueutral  axis.    This  does  not  apply  to  hollow  triangles. 

<h> 


g    B   >  .      , 


d 


tial. 


B 


xl:^^- 


^d". 


FiQ  3. 


r: 


<  1/  > 

Fiq4. 


1.    (B.D«  —  2  6.d»)  -h  12.      2.    (B.D3  4-  2  6d»)  -»- 12.     8  and  4.    [6.d«  4-  b'-tf^ 
-  (</  —  6)  d"8]  -5-  3.      5.  [6.d3  —  (6  —  k).{d  —  c)»  +  6'.d'3  _  (6'  —  A:).(d>  —  </)«]  -4-  3. 


*  B  aod  h  are  respeotlvely  the  ontel-  and  loner  dimensionf  paraUtl  to  the  neutral  axis.  «heth«t 
nid  axis  be  lengthwise  or  crouwise  of  the  figure.  D  and  d  are  the  outer  and  inner  diEaensiona  i>ar. 
Vendieular  to  the  neutral  axis. 
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From  the  last  foniml*  on  pag«  488,  we  |iMre 
I 

CoeflBcient  of  Bcristance 
Homent  of  Resistance  «  pigt  fh>m  neutral  axin  to  X  Moment  of  inertia 

Carthest  fibre 

For  betuns  of  square  or  reetaninilar  eross-seetflon,  this  be- 
comes 

__  .  ^  CoeflBcient  of  w  Area  of  cross-sec-  ^  depth 
Honieiit  Of  Resistance  ^  tion  in  so  ins  ^  in  ins 
Reslstauee  « ^* 


In  rolled  I  beams,  the  moment  of  resistance  is  approximately  foond  thw  : 
all  the  dimensions  in  inches. 

Moment  /Areaofcro8S-  "^  area  ofv  Depth  Elastic  limit  of 
of  resist- =  I  section  of  one  +  cross-section  I  X  of  X  iron  in  lbs  per  sq 
anee  \flange  of  web  /.        beam        inch 

the  area  of  weh  being  =  its  thickness  X  extreme  depth  of  beam ;  and  the  area  of 
one  flange  being  =  (area  of  whole  beam  —  area  of  web)  -4-  2.    For  average  rolled 
iron,  the  elastic  limit  may  be  taken  at  22400  lbs  or  10  tons;  or  aboat  half  the  ulti- 
mate tensile  strength. 
When  a  i>eam  is  upon  the  point  of  failing,  its 

Moment  of  mptnre  is  =s  its  moment  of  resistance. 
In  other  words 

Go-eflScient  of  resistance 
^  Load  in  lbs  X  apan  In  ins  ^  in  lbs  per  sq  in  Moment  of 

^  m  Dist  from  neutral  axis  to       inertia,  ins 

ftirthest  fibre,  ins 

(— -tO 

\  m  if 

Here  m  is,  aoc<n:ding  to  cironmstances,  1, 2, 4, 8,  Ao,  as  followi: 

When  the  beam  is  firmly  fixed         at  one  end,  and  loaded  at  the  other,    m  ^    1 

**  **  "  "  **  uniformly,       ns  i«    3 

**  "     merely  tuppmied,  at  both  ends      **  at  the  center,  ns  ■>    4 

"  "  "  "  **  uniformly,       m  ■-    8 

**  "    firmly  fixed*  **  **  at  the  center,  ns  —    8 

"  "  '*  **  •  uniformly,       m  -»  12 

Therefore, 
Total  breaking'  Moment  of  inertia  X  Co-efficient  of  redstance  X  «i» 

load  in  lbs         ""  D;gt  in  ins  from  neutral  axis  to  farthest  fibre  X  »pan  in  Ina 

_       ICm 

or    W ~ 

For  the  neoi,  or  exfrernsotis,  breaking  load ;  if  uniformly  loaded  deduct  the  weiefat 
of  the  beam  itself.  If  supported  at  both  ends  and  loaded  at  the  center,  nx  if  fixed  at 
one  end  and  loaded  at  the  other,  deduct  Mf  the  wt  of  the  beam. 

*  An  end  of  a  beam  is  said  to  be  **  fixed  **  when  it  is  so  confined  (as,  for  in- 
stance, by  being  built  into  a  wall)  that  it  cannot  share  in  the  bending  of  the  rest 
of  the  beam,  but  remains  in  the  same  shape  and  position  as  before  the  bendiog 
took  place. 
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Ofi  page  493  is  a  table  of  center  breaking  loads  in  pounds,  for  beams  1  inch  square, 
and  ot  1  foot  span,  supported  at  botli  ends.    In  sncli  beams 

w          .    ^  i      .,         Depth3  X  Breadth        1 
Moment  of  inertia  =  — =- —^ =  j^ 

m  (p  488)  i8  4;  the  dfst  in  ins  from  the  neutral  axis  to  the  fkrthest  fibre  Is  J^;  and 
the  span  in  inches  is  12.    The  last  formula  on  page  488  becomes,  in  such  oases, 
ToUl  center  break-  ^  Ckwfflcient  of  resistance  X  A  X  4  ^  Coefficient  of  resistance 
iug  load  in  Iba      ^  I  X  12  ^  18 

(w-«       C-18W) 
or,  in  other  words, 

€«efliefeiit  oT  18  times  the  center  broakiog  loftd  of  a  beam 
reslstaoee  of  anj  »  of  the  given  material,  1  inch  square,  1  foot 
giTen  material  span,  supported  at  both  ends 

We  thus  see  that  the  foregoing  theory  is  identical,  in  principle,  with  the  practical 
method  for  beams  of  solid  cross-section,  giyen  on  pages  491,  Ac.  For  beams  of  com- 
posite cross-section,  such  as  hollow  beams,  I  beams,  Ac,  tlie  theory,  as  already 
remarked,  gives  results  differing  from  those  of  experiment.    Thus : 

What  is  the  center  breaking  load  of  a  solid  cast-iron  beam  4  ins  square,  and  6  ft, 
or  72  ins,  clear  span,  supported  at  both  ends? 

Here  the  moment  of  inertia  is  —^  =»  *^J^  "■  "^  =  21.838.    The  coeff 
!■%  12  12 

of  resistance,  or  18  times  our  constant  for  cast-iron  on  p  493,  is  2025  X  IS  = 
36450.    Since  the  beam  is  supported  at  both  ends,  and  loaded  at  the  middle,  m  is  4. 
The  diet  o  ^  of  ttie  farthest  fibre  from  the  neutral  axis  must  in  a  square  be  equal  to 
}^  of  one  side ;  consequently  it  is  here  2  ins.    The  clear  siian  is  72  ins.    Hence, 
Breaks       Momof  In  X  Ooelf  of  ret  X  «*        M.8M  X  8g*50  X  4  ,  81ie35t  _„^,^._^^,  , 
»o«l   =  Distoiror  r»rtbe«t  fibre  X  ipuk  =  2X"7t  jj^ -««»  lb«  _  9.64  toot. 

By  our  table,  p  602,  a  beam  of  average  cast-iron,  4  ins  deep,  1  inch  broad,  and  6  ft 
span,  breaks  with  2.41  tons ;  consequently,  four  such,  or  one  4  ins  square,  would 
break  with  2.41  X  4  »  9.64  tons;  thus  confirming  the  accuracy  of  the  foregoing. 
Applied  in  the  same  way  to  solid  cylinders,  the  result  corresponds  equally  well  with 
experiment  and  with  our  table  on  p  503. 

But  for  Mr  ClarfcHl  hollow  squares,  p  516,  the  formula  gives  3.06  tons  in- 
stead of  the  actual  2.15 ;  and  for  his  hollow  cylinders  2.980  instead  of  2.287.  A 
trae  Kodirhluson  beam*  p  518,  with  top  flange  of  1  by  3  ins,  bottom  flange 
IJb  by  12  ins,  vert  web  .75  inch  thick,  total  depth  15  ins,  clear  span  20  ft,  has  a 
moment  of  inertia  of  780;  diet  from  neutral  axis  to  upper  fibre  10.7  ins,  and  to  the 
ktwest  one  4.3  ins.  By  Hodgkinson  it  would  yield  at  the  lower;  flange,  and[by  his 
rule  with  a  center  load  of  29.24  tons.  By  the  formula  it  would  be  19.8  tons. 
ly  p  520,  actually  broke  with  about  62  tons;  by  the  formula  it  would  be  40. 

The  CoeflT  of  reststflOice  for  average  rolled  iron  is  about  45000  lbs  or  say 
20  tons  per  eq  inch.  Cast-iron  36000  Iba  or  16  tons.  Oood  straighti^rained,  well- 
seasoned  white  pine  or  spruce  8100  lbs  or  3.6  tons;  yellow  pine  9000  or  4 ;  good  oaks 
10000  or  nearly  4.5.  But  as  large  beams  are  liable  to  defects  and  imperfiect  season- 
ing, not  more  than  about  two-thirds  of  these  constants  should  be  used  in  practice. 
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CTompArlson  between  models  fMid  aetnal  strneUires.  Many 
practical  men  imaffine  that  if  a  model  is  strong,  an  actual  bridge,  roof,  Ac,  con- 
structed with  precisely  the  same  proportions*  must  be  equally  strong  in  propor- 
tion to  its  die.  This  arises  fh>m  their  ignorance  of  the  fact  that  the  streiistll 
of  similar  beams,  trasses,  Ac,  increases  only  in  proportion  to  the  squares  of  their 
spans ;  while  their  wel(|rl>t  increases  as  the  eubes  of  the  spans ;  so  that  a  model 
6  or  10  ft  Ipng  may  show  a  great  surplus  of  strength ;  while  the  roof  or  bridge  of  50 
or  100  ft  span,  constructed  like  it  in  every  respect,  may  break  down  under  its  own 
weiffht. 

We  may  compare  the  two  In  the  following  manner:  Let  us  suppose  a  model  4  feet 
long  of  a  bridge  truss,  its  wt  6  R>8,  and  the  extraneous  center  load  reqd  to  break  it 
120  fbs,  or  20  times  its  own  wt  Then  its  entire  center  breakg  load,  including  half 
its  own  wt,  is  120  +  3  =3  128  lbs.  Now  suppose  we  are  going  to  build  a  bridge  truss 
of  200  ft,  or  50  times  the  span  of  the  model.  The  strength  of  the  truss  will  be  50*, 
or  2500  times  that  of  the  model;  that  is,  it  will  require  for  its  entire  center  breakg 
load,  50»  X  123  =  2500  X  123  =  307500  lbs.  Its  wt,  however,  wiU  be  50*,  or  125000 
times  that  of  the  model,  or  125000  X  6  =  750000  lbs ;  and  one-half  of  this  weight,  or 
375000  fi>s,  must  be  deducted  from  its  entire  center  strength,  in  order  to  find  iu  ex- 
traneous center  load.  ]3ut  in  this  case  the  half  weight  is  greater  than  the  entire 
center  strength ;  consequently  the  truss  would  break  under  its  own  wt.  If,  instead 
of  a  center  load  in  the  model,  we  had  broken  it  by  an  equally  distributed  one,  the 
calculation  would  plainly  be  the  same,  except  that  in  the  model  the  entire  welghtL 
instead  (rf*  i^  of  it,  would  be  added  to.the  extnuieous  load  for  the  entire  distributed 
breakg  load ;  and  in  the  truss,  its  whole  weight  must  be  deducted  from  its  breaking 
strength,  to  get  the  extraneous  distributed  load. 

ir  tlie  breaklniT  load  of  a  naodel  is  2, 3  or  4,  &c,  times  as  great  as  its 
weight,  then  a  similar  structure  2, 3  or  4,  Ac^  times  as  large  in  every  partieular  will 
break  under  its  own  weight. 


y  Google 


8TBENGTH  OF  MATERIALS.  491 

PRACnCAIi  MSTHODS  FOR  FUTDINO  STREHOTHS  OF 
BEAMS. 


To  flnd   constants.     In  ^    1 B 

beams  of  the  same  material,  mmI  "'^^sJ  d 

exactly    alike,    except    in    their      Fifir.  i.      ^c^^Sjjj^  | 

breadths,  n  <!,  the  strengths  Tary  ■,    ~[  >V 

in  the  same  proportion  as  those  ■=^ \  Lm 

breadths;  that  is,  if  one  is  2,  3,  or  ^^ 

10  times  broader  than  the  other,  its  strength  will  be  2,  3,  or  10  times  as  great, 
they  arc  alike,  except  in  their  clear  lengths  or  spans,  a  a,  between  the  points  of  sup- 
port, their  strengths  will  be  inversely  as  those  lengths ;  that  is,  if  one  is  2, 3,  or  10 
times  longer  than  the  other,  it  will  bol)ut  J^  J^  or  j*^  part  as  strong.  If  they  are 
alike,  except  in  point  of  depth,  o  d,  measured  vert,  their  strengths  will  be  directly  as 
the  square*  of  their  depths ;  that  is,  if  one  is  2,  3,  or  10  times  as  deep  as  the  other, 
it  will  also  be  4,  9,  or  100  times  as  strong ;  or  iu  other  words,  will  require  4, 9,  or  100 
times  as  great  a  load  to  break  it  See  Art.  II.  It  must  be  remembered  that  we  aro 
now  speaking  only  of  strengthy  or  resistance  to  breaking ;  and  not  ofstiffness^  or  resist- 
ance to  bending,  or  deflecting.  Stiffhiess  follows  laws  very  diflT  from 
tkose  of  strenirtli.    See  Art  26,  <&c.  ' 

Now,  if  we  combine  all  the  three  foregoing  elements  of  sise,  namely,  length, 
breadth,  and  depth,  we  have  the  fact,  that  the  strength  of  any  beam,  of  any  size,  or 

,  .   .                 .                 breadth  X  the  square  of  its  depth.  ,^ 
any  given  material,  is  in  proportion  to  its — -r — --r There- 
fore, if  we  find  by  actual  trial,  what  center  load  will  break  any  beam  of  known  siae ; 
^    ,     ^       .     .                   .       ,                     breadth  X  sq  of  depth         ,  . 

and  then  flnd  what  is  the  proportion  between  its ; ^r *  wid  its 

length 
breakg  load,  said  proportion  (or,  more  strictly  speaking,  ratio)  will  also  be  that 
which  any  similar  beam  has  to  iti  breakg  load,  and  will  therefore  serve  to  calcu< 
late  the  breakg  load  of  any  other  similar  beam  of  the  same  material.  Fur  instance. 
if  we  take  any  piece  of  average  good  white  pine,  say  6  ins  broad,  10  ins  deep,  and  12 
«-  A    1  «  J  *t.  *  IX     breadth  X  sq  of  its  depth  ,  _     6  X  100      .^ 

ibet  clear  span,  we  find  that  its -^—5 — is  equal  to — — =  60. 

*^  length  *  l-i 

And  if  we  gradually  load  this  at  its  center  until  it  breaks,  we  sbiUl  flnd  that  the 
breakg  load,  including  half  the  wt  of  the  clear  span  of  the  beam  itself,  amounts  to 

brendth  y  SQ  of  depth 
22500  lbs.   Therefore,  the  proportion  between  the    in  ins    ^    in  ins  and  the 

length  in  feet 
breakg  load,  ia  as  50  to  22500 ;  which  is  the  same  as  I  to  450 ;  that  is,  the  breakg 
load    of  the  beam,  including  half  its  own  weight,  may  be  found  by  mult  its 
breadth  ^^  sq  of  depth 
in  ins  -^     in  ins         i^y  450.    And  in  this  same  manner  may  be  found  the  total 

length  in  feet         '  , 

center  breakg  load  of  any  rectangular  beam  of  average  quality  of  white  pine.  For 
the  neat  load  one-half  the  wt  of  the  clear  span  must  be  deducted.  It  is  self-evident 
that  the  weight  of  the  beam  assists  to  break  it,  as  well  as  Uie  neat  load;  and  the 
extent  to  which  it  does  so,  is  the  same  as  if  oncha^f  of  its  unsupported  wt  were 
concentrated  at  its  center.  Hence  the  rule.  On  this  principle  the  rule  in  Art  12  is 
based.  The  ratio  thus  found  for  any  material,  is  called  its  coef  for  een 
breaksr  loads,  or  its  constant  for  the  same,  as  it  does  not  vary  with  the 
sixe  of  the  beam.    If  we  take  a  piece,  all  of  whose  dimensions  are  1,  as  1 

breadth  ^  sq  of  depth 
inch  wide,  1  inch  deep  and  1  ft  span ;  then  the   in  ins  ^       in  ins      will  be 
1 X  sq  of  I  length  in  feet 
J S3  1 ;  and  the  breakg  load  (including  half  its  own  weight)  of  such  a  piece 

is,  at  once,  the  constant  reqd.  See  Remarks  1  to  4.  In  an  average  piece  of  white 
pine,  this  load  will  be  found  to  be  about  450  lbs ;  or  the  same  as  the  constant  obtained 
from  the  large  beam.    So  the  student  may  find  lliein  for  iilinself ; 

and  if  he  uses  materials  not  included  in  our  table,  Art  10,  it  will  be  well  to  supply 
the  deficiency,  by  inserting  his  own  results. 
The  foregoing  directions  for  flnding  coefficients  may  be  more  briefly  expressed 
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by  a  formnla.    After  finding  the  neat  center  breakg  load,  by  expeiiia«it,  a4d  to  It 
one-half  the  wt  of  the  clear  span  of  the  beam,  for  a  total  center  load ;  then  the 

Span     V.        Total  load 
Coef  forbpeakg)    ^  in  feet   ^  in  lbs 

strength  >        Breadth  ^  Square  of  depth 

in  ins    ^         in  Inches. 

In  »  cylinder,  as  the  breadth  and  the  depth  are  each  equal  to  the  diam, 
it  is  plain  that  B  X  B*  amounts  to  the  same  thing  as  diam' ;  and  it  is  always  so 
expressed. 

Bbm.  1.  The  yariation  in  strength  of  equal  beams  of  the  same  material  is  bo  great^ 
that  it  is  necessary  to  experiment  with  seyeral  pieces,  in  order  to  find  an  average-  for 
a  constant.  The  loads  given  in  the  preceding  tables  are  also  constants,  but  for  crush- 
ing and  tension.  They  are  averages  of  the  strengths  of  the  materials,  derived  from 
experiment.  The  actual  strength  of  any  particular  specimen,  if  of  superior  quality, 
may  be  considerably  greater  than  the  avenige ;  or  on  the  other  band,  if  of  very  poor 
qutJity,  it  may  fall  as  much  below  it.  We  should  always  keep  this  in  mind  when 
referring  to  any  table  of  constants ;  and  if  we  have  doubts  as  to  the  qtiality  of  the 

Siece  of  material  which  we  are  about  to  employ,  we  should  make  a  corresponding 
eduction  from  the  constant;, in  the  table. 

Rem.  2.  If,  instencl  of  pine,  we  had  experimented  with  oak,  iron,  stone, 
the  process  for  finding  the  constant  would  have  been  precisely  the  same.  If  in* 
stead  of  Anqnare  beam,  we  use  cylindrical,  or  triangular  ones,  or  any  other 
shape,  such  as  hollow  cylinders,  H,  T,  or  U  beams,  <&c,  we  shall  in  the  same  way 
establish  constants  for  either  la  rger  or  smaller  beams  of  those  shapes,  and  of  precisely 
the  same  proportions  in  every  part.  See  Remark,  p  509.  Or  if,  instead  of  support- 
ing the  beam  at  both  endsw  we  secure  it  firmly  at  one  end,  and  load  it  at  the  other 
end  u  ntil  it  breaks,  we  shall  obtain  the  eonstatU  f9r  beams  peed  at  one  end,  and  loaded 
at  the  other,  <&c  Remember  that  tlie  constants  are  for  loads  at 
rest.  If  they  are  liable  to  jars,  jolts,  vibrations,  &c,  a  large  margin  must  be 
left  for  safety.  Moreover,  the  constants  given  in  t  ables  are  generally  deduced  from 
small  specimens  free  from  important  defects ;  whereas  large  beams  of  any  kind  of 
material  usually  contain  irregularities,  which  diminish  their  strength;  and  on  this 
account  larger  allowances  for  safety  should  be  made  as  the  dimensions  of  the  beam 
increase. 

Rem.  8.  It  Is  not  neeessary  that  h  and  d  be  taken  In  ins,  and 
lengths  in  ft.  They  may  all  be  in  ins,  ft,  yds,  or  any  other  measure,  but  since  in 
every-day  practice  we  usually  speak  of  the  breadths  and  depths  of  beams  in  ins,  and 
of  their  lengths  in  ft,  it  becomes  more  convenimi  so  to  eonsiaer  them.  If  other  meas- 
ures be  used,  the  constant  will  of  course  be  diff;  but  it  will  still  be  such  that  if  the 
same  measure  be  used  for  calculating  the  strength  of  another  beam,  the  final  result 
will  be  the  same  as  before.  In  like  manner,  the  loads  may  all  be  taken  in  tons,  <&c, 
instead  of  R>s ;  but  in  giving  the  rule,  it  must  be  stated  what  measures  have  been 
employed. 

Rem.  4.  There  ai^  peenflarf ties  In  some  n^aterfals.  which  les- 
sen the  reliability  of  constants  derived  from  experimenting  with  snaall  pieces. 
Thus,  a  large  beam  of  cast  iron  will  break  with  a  less  load  in  proportion  than  a8B»U 
one ;  because,  in  the  interior  of  thick  masses  of  that  materiiU,  more  time  to  cool  is 
required  than  in  the  outer  surfaces;  in  consequence  of  which,  there  is  a  want  of  uni- 
furmity  in  the  arrangement  of  the  particles  of  iron,  and  this  conduces  to  weakness. 
All  we  can  do  in  such  cases,  is  to  exercise  Judgment  and  caution  in  making  suflicient 
allowance  for  safety. 

Art.  10.  Table  of  constants  or  co^fllclents  tor  the  qnieseent 
breaklnjv  loads  of  reetangrnlar  beams,  snpported  hortBon- 
tally  at  both  ends,  and  loaded  at  the  renter;  being  the  average  qui. 
escent  breaking  loads  in  fcs  (including  one-half  the  weight  df  the  beams  themselves) 
for  beams  1  inch  square,  and  1  foot  clear  length  between  the  supi>orts.  For  eafetg 
in  practice,  not  more  than  about  3^  to  J/g  of  these  constants  should  be  employed ;  de- 
pending upon  the  importance  of  the  structure,  its  temporary  or  permanent  charac- 
ter, and  the  degree  of  vibration  to  which  it  will  be  exposed.  Thus  a  roof  will  prob- 
ably be  as  lafe  at  ^  as  a  bridge  at  >^  Kven  with  a  perfectly  safe  load,  a  beam  may 
bend  too  much.  See  Art  26. 

If  any  of  these  coefilcients  be  mult  by  .589  (or  say  .6)  it  will  give  that  for  a  cylin- 
drical beam  whose  diam  =  side  of  the  square.    Or  if  mult  by  .71  it  will  give  that 
for  a  square  beam  with  its  diagonal  vertical.    Any  of  these  COnstAnta 
may  vary  one^thlrd  part  either  more  or  less.    For  any  beam, 
€en.  Breakir        Breadth  (ins)  X  Square  of  depth  (inn)     ^„,.  „ . 
load  in  lbs."" Ui^^r^.nife^r ^  constant. 
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4Hm  TfcUwi.iiiirt  ♦f  ify  -of  ifcege  iiiftiniif  ■<■  («sof#c  tfcoae  for  wn>«ght 
iron  and  steel),  may  be  taken  in  ordinary  practice  as  about  the  average  nonntMi 
for  the  ffreiiiest  neater  load  wittalu  tlie  eliMtle  llmii.  The  loads 
here  gireu  for  wrought  iron  and  steel,  are  already  the  greatest  within  elastic  limits. 


Traosveise  Strengths,  in  flbs.    See  explanntion,  Art  10,  p  492. 


WOODS. 

Aih^  English.  ^ M 

"    Amer  White  (Author).  B 

**    Swamp J 

*•    Black 3 

Arbor  Vita,  Amer 9 

BalMM,  Canada ■• 


BfecJij 


Amer 


Birch,  Amer  Black ZM 

"       Amer  Yellow ^  5 

CeUar^  Bermuda » >rS 

**      Guadaloupe.» g  q- 

•*       Amer  White, )  I" 

orArborVitaj.....;  «■§ 

Chestnut g  g 

J3m,  Amer  White o.S 

**    Rock,  Canada. SS 

Hemlock f-f 

Hickory^  Amer..  ^  »• 

»*  "    Bitter  nut...  §•  I 

Iron  Wood,  Canada -   . 

Lom$t ►§ 

LiffHum  Ftte„ M.*  % 

Larch g; 

Mahogany g. 

Mangrove,  White.. „ 

Black g 

Jfa/>fe,  Black j^ 

"      Soft .     5 

OflA-,  English 

••  Amer  White  (by  Author). 
"      Red,  Black,  Basket... 

**    Live 

Pine^  Amer  White.. .(by  Author) 

**        •*      Yellow.    "         "      . 

"        •*      Pitch.  ..  «         •♦      . 

**    Georgia 

Pfftat.' <..  ..r.... M 

J^TMce (by  Author). 

"      Black- :. 

J^fcamore 

TiuHarack.^ 

Teak. , 

Walnut 

WiUow..^...^ ......««. « 


MBTAL8. 

Srast 

iron,  tatt,  1500  to  2700  ...average 

**       »*    common  pig 

**        **    castings  from  pig  . 

'<       ^    employed   in  our  ta- 
bles......  

•*       "    for  OMtiBgt  214  or  8 

ins  thick. 

^tm.  wrought,  1900  to  2600..  ...av 

Wrought  iron  does  not  bri>ak ; 


66a 
650 
400 
600 
250 
d50 

850 

560 
850 
400 
600 

250 

450 
650 
800 
600 
800 
800 
600 
700 
650 
400 
750 
650 
550 
750 
750 
530 
600 
850 
000 
450 
500 
550 
850 
660 
700 
450 
550 
600 
400 
750 
550 
350 


850 
2100 
2000 
2300 

2025 

1800? 
2250 


but  at  about  the  average  of  2250 
lbs  its  elas  limit  is  readied. 
Stttl,  hammered  or  rolled;  elas 
destroyed  by  3000  to  7000.. 
Under  heavy  loads  hard  steel 
maps  like  cast  iron,  and  soft 
•teel  bends  like  wrought  iron. 

STOirBS,  ETC. 

Blue  stone flaggiw,  Hudson  River 

Brick,  common.  10  to  iiO.Average 

^'      good  Amer  pressed,  30  to 

50 4ivenige 

Cuen  Stone 

Ounent,  HydrauUc,  English  Port- 
land, artificial, 
7  days  in  water 
1  year  in  water 
«         "       Portland,  King- 
ston, N.  T.,  7 
days  in  water. 
«         "       Baylor's  Port.,  7 
days  in  witter. 
**         "       Common   U.  8. 
cements,  7  dys 

in  water... 

The  followinj;  hydraulic  ce- 
ments were  made  into  prisms,  in 
vertical  moulds,  underapressure 
of  32  fi>s  per  sq  inch,  and  were 
kept  in  sea  water  for  1  year. 
Portland  Cement,  English,  pure, 
1  year  old... 

Bojnan  Cement,  Scotch,  pure 

American  Cements,  pure,  av  about 

Granite,  50  to  150 average 

**      Quincy    

Glass,  Millville,  N.  Jersey,  thick 

ftooring  ..  <by  Antkor). 

M'trtar,  ot  Km*  alooe,  60  daijn  old 

'*      1  flMAsareef  slacked  Ume 

in  powder.  I  sand  

**      1  measure  of  slacked  lime 


in  powder,  2  sand 
Italian. 


Marble,  Italian,  White  (Author) 
"  Manchester,  Vt,  "  " 

"  Bast  Dorset,  Vt,  "  ♦♦ 

u   1^0  Hhss,  **  ** 

"  Moutg'y  Co,  Pa,  Gi-fty  " 
"  "  •*  Clouded  " 
"  Rntland.Vt,Gray  *♦ 

«  Glenn'sFalls.N.V.Black  " 
"  Baltimore,  Md,  white, 

coarse " 

Oolites,  20  to  60 

Sandstones,  20  to  70 average 

'*        Red  of  Connecticut  and 

New  Jersey 

Slat^,  laid  on  its  bed,  200  to  ^0,  av 
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Art.  11.  €>eB«rf»l  flMt*  resMetiiitfr  tli«  l»ft*eillEV  ■•lUto  of  »  vni- 
ISdtbi  beam  of  any  form  of  section.    Calling  the  breakg  load, 

When  the  beam  is  firmly  fixed  at  one  end,  and  loaded  at  the  other  1 

Then  when  so  fixed,  and  uniformly  loaded,  it  will  be 2 

When  merely  tupported  at  both  euJs,  nud  loaded  at  the  center 4 

"  "  *'  **  "      and  uniformly  loaded 8 

Firmly /x«(2,  or  tightly  confined  at  both  ends,  aud  loaded  at  the  center...    8 

"  **  **  *•  "  '*     and  unifurmly  loaded ..12 

An  end  of  a  beam  is  said  to  be  *'  fixed  *'  when  it  is  so  confined  (fts,  for  in- 
stance by  being  built  into  a  wall)  that  it  cannot  share  in  the  bending  of  the  rest 
of  the  beam,  but  remains  in  the  same  shape  and  position  as  before  tne  bending 
took  place. 

Rem.  1.  When  one  beam  of  nny  form  of  section  is  2, 3,  or  4,  Ac,  times  as  long,  broad, 
and  deep,  as  another,  its  weight  will  be  8, 27,  or  64,  Ac,  times  as  great,  or  as  the  cubes 
of  the  linear  dimensions;  but  its  breaking  load  will  be  only  4,  9,  or  16,  Ac,  times  as 
great;  that  is,  the  strengths  of  similar  beams  are  to  each  other  as  the  squares  of 
their  respective  linear  cQmensions.  But  in  these  breakg  loads  are  included  the 
weights  uf  the  beams  themselyes ;  one-half  of  which  must  be  deducted  when  the 
load  is  all  at  the  middle  of  the  beam ;  or  the  whole  of  it  when  equally  distributed. 
When  beams  are  of  the  moderate  dimensions  usually  employed  in  buildings,  their 
own  weight  is  usually  so  small  in  comparison  with  their  loads,  that  at  times  it  may 
safely  be  neglected ;  but  as  they  become  longer,  since  their  weight  increases  much 
more  rapidly  than  their  strength,  it  at  last  constitutes  too  important  an  item  to  be 
overlooked;  for  the  beam  may  become  so  great  as  to  break  under  its  own  weight; 
although  proportioned  precisely  like  u  small  one  which  may  safely  bear  many  tuaes 
Us  own  weight. 

Wlien  a  square  beam  Is  supported  on  its  edfre,  instead  of  on  a 
side  (or  in  other  words  has  its  diag  vertX  it  will  bear  hut  about  -j^ths  as  great  a 
breakg  load. 

The  deflections  or  bendinflrs  of  beams  (see  p606)  are  directly  in 
proportion  to  the  load,  aud  to  the  cube  of  the  length ;  and  iuTerseiy  to  the  breadth, 
and  to  the  cube  of  the  depth,  all  while  within  limits  of  elasticity. 

Rrm.  2.  Caution.  Suddenly  applied  loads.  Suppose  a  load  to  be 
applied  to  a  flexible  beam  ntddenZ^,  but  without  any  falliag  or  jarring;  as,  for  in- 
stance, if  it  be  supported  by  a  cord  which  allows  it  Just  to  touch  the  beam  without 
pressing  it,  and  the  cord  be  then  suddenly  cut  in  two.  The  defiection  of  the  beam,  in 
such  a  case,  is  theoretically  twice  as  great  as  when  the  same  load  is  applied  gruduaUfi^ 
as  by  very  slowly  relaxing  the  cord,  or  by  dividing  the  weight  into  small  fragments 
and  applying  them  at  intervals,  one  by  one.  See  Art  5  (li),  p  434  /.  Hence  the 
strength  of  the  beam  is  much  more  severely  taxed  in  the  former  than  in  the  latter 
case.  A  heavy  train  coming  very  rapidly  upon  a  bridge,  presents  a  condition  inter- 
mediate between  the  two.  The  tables  of  constants  always  suppose  the  load  to  be  Bp- 
plied  very  gradually,  but  as  this  is  frequently  not  the  case  in  practice,  an  allowance 
must  be  made  accordingly. 
Art.  12.  To  flnd  tbe  quiescent  breafeff  load  of  a  bor  square. 

•r  reetaufrular  beam  B.p  491,  of  any  material,  supporte«i 

at  botb  ends,  and  liMMled  at  the  centre. 

RuLR.  Mult  together  the  square  of  its  depth  d  o  in  ins,  its  breadth  n  <i  in  ins,  and 
the  coef  fh>m  the  table  p.  4f)3.  Div  the  prod  by  the  clear  length  a  a  between  the 
supports,  in  ft.  The  quot  will  be  the  reqd  breakg  load  in  lbs;  including,  however, 
half  the  wt  of  that  portion  of  the  beam  which  lies  Mween  the  supports,  aud  which 
must  be  deducted  in  order  to  get  the  neat  load. 

Ex.    What  will  be  the  center  breakg  load  of  a  beam  of  Connecticut  red  sandstone, 
15  ins  wide,  10  ins  deep,  and  12  ft  long  between  its  supports  ?    Ilere 
Depth*  ^  Breadth  ^  Constant 

ininsX    i^i„,    X  100X15X45       67500  the  breakg 

Clear  length  in  ft  "  12  -     ^^    ="  *~      ""'    »«"  "''*»K 

load  leqd. 

But  we  must  deduct  one-half  the  wt  of  the  clear  length  of  the  beam.  Now  abeam 
Df  red  sandstone,  of  16  ins,  by  10  ins.  by  12  ft,  contains  21600  cub  ins  «  12^  cub  ft; 
and  a  cub  ft  of  red  sandstone  weighs  about  140fi>s;  ther<>ibre  the  beam  weiglis 
]^.5  X  140  =  1760  Sm;  one-half  of  which,  or  875  lbs,  must  be  taken  fh>m  the  5625 
mf*  of  breakg  load,  leaving  4750  fi>s  as  the  actual  extraneous,  or  neat  breakg  load. 

Bern.  1^  ir  cylindrical,  first  find  the  breakg  load  of  a  square  beam, 
of  which  each  side  is  equal  to  the  diaiu  of  the  cylinder.  Mult  this  load  by  the  dee  .6, 
At.  more  correctly,  .589.    Hence  a  square  one  is  1.7  times  as  strong  as  a  cylindrical 
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IfoTnl,  or  elllpf  1«,  first  find  the  load  for  a  rectangular  beam,  whote  sides 
are  respectively  equal  to  tbe  two  dianis,  and  mult  it  by  .6. 

If  of  wood,  and  trianiriilAi'f  and  its  base  (whether  up  or  down)  hor, 
first  find  the  breakg  load  fur  a  rec^ngular  beam,  whose  breadth  is  equal  to  the 
base;  and  its  depth  equal  to  the  pern  height  of  the  triangle:  and  take  one-third 
of  the  result  as  an  approximation.  When  the  edge  Is  down,  the  ends  must  rest  in 
triangular  notches  in  the  supports:  otherwise,  they  will  be  crushed  when  loaded. 
See  Art  16. 

For  beams  of  sneh  •eetloiiii  as  A  to  CI,  the  following  rude  rules  of 
thumb  will  often  be  preferred  to  more  intricate  ones,  being  suflk;iently  approxi- 
mate for  ordinary  purposes,  and  for  any  material.    See  near  end  of  Art  33.  p  516. 

For  ehe  elosed  FIm  A,  B,  D,  O,  (each  one  supposed  to  be  or  equal 
thickness  throu^out,)  first  nnd  the  load  for  a  solid  beam  of  the  same  sixe  and  shapo. 


1  a 

a 

^^ 

1   is^ 

m 

i    ^ 

^   i«^ 

v\ 

te^ 

i^    ^^ 

y 

a       a 

A  B 

Then  find  that  of  a  beam  of  the  size  of  the  hollow  part.    Subtract  the  last  from  the 
first. 

For  C,  (its  top  and  bottom  being  of  equal  siae,)  first  find  for  a  rectangular  beam 
•  an  41,  Then  for  two  beams  corresponding  to  the  two  hollows  v  v.  Subtract  these 
last  from  the  first.  • 

For  £  or  F,  find  for  thipe  separate  beams  rVyi  i,  t  n,and  add  them  together. 

For  aiifple  and  T  Iron,  see  p  525. 
.   For  IT  and  other  shapes  in  common  use,  we  may  use  the  formula,  p  488, 
or  experiment  with  a  model  made  of  the  given  material,  and  thus  find  the  necessary 
constaut,  as  directed,  p  491.    See  Remark,  p  509 ;   also  Art  33,  p  510. 

For  I  beams,  see  Art  87,  and  for  Hodsl&luson  beams,  see  Art 
8S. 

Rem.  3.    In  this  case  we  may  remove  %  part  of  the 
material  of  the  solid  square,  or  rectangular  beam,  without 


diminishing  its  breaking  strength,  although  it  will  bend  .^J^   ■  « ^^* 


^ 

W 


SIDE 


Fifir.5. 


more.  The  widtii  may  remain  uniform,  and  tlie  depth  be  re- 

doced  either  at  top  or  bottom,  as  shown  by  the  dotted  lines     ^— ^-    _■* 

at  m,  Fig  5,  strictly  two  paiabohis  with  bases  at  load,  but  the     ^- T^r^ 

straight  ones  are  best  in  practice.    Or  the  depth  may  remain     ^M         tl 
uniform,  and  the  breadth  be  reduced,  as  shown  by  the  dots  at 
m,  which  is  a  top  view  of  the  beam.    Theoretically,  the  dotted 
hues  in  n  might  meet  at  the  ends  of  the  beam ;  but  in  prac- 
tice this  would  not  generally  leave  sufficient  material  at  the  ends  for  tho  beam  to 
rest  upou  securely. 

Such  reductions  of  beams  are  rarely  made  when  they  are 
tX  wood;  but  in  iron  ones  much  exi)en8e  may  be  saved 
thereby. 

Reoi.  8«    lioad  at  one  end  of  the  beam, 
FIftr  41.  tbe  other  end  fixed,  imagine  the  load  to  ' 
be  at  the  center,  and  calculate  it  by  the  forgoing  rule. 
Then  div  the  result  by  4. 

In  this  case  the  lower  side  of  the  beam  may  be  cut  away 
in  the  form  of  a  parabola,  as  shown  by  the  dots.  To  draw 
this  curve,  see  page  168.       Or  the  depth  may  be  left  uni- 


Fifir.fi. 


form,  and  the  sides  be  cut  away,  as  shown  by  the  dots  at  t,  which  is  a  top  view. 


Art.  IS.    When  the  load  Is  equally  distributed  alonv  the 
\T  lenirth  of  a  horizontal  beam.  w^smrn^emma 

rted  at  both  ends,  as  in  Fig  7,  instead  of  be- 


entire  elear  lenirth 

tag  aU  applied  at  ttie  center,  assume  it  to  be  at  the  center, 
and  proceed  precisely  as  iu  the  foregoing  rnlu.  Art  12. 
Then  mult  the  load  b,v  i.  But  in  this  case  the  wt  of  the 
entire  clear  leugth  of  the  beam  is  to  be  deducted  for  the 
neat  load. 

Ix.     What  will  be  the  equally  distributed  breakg  load  of  the  beam  of  sandstone 
in  the  hut  example  7    Here  tbe  center  breakg  load  has  already  been  found  to  be 
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5625  lbs ;  and  5625  X  2  ^  11250  lbs,  the  reqd  distribated  UmA^  Krom  ^hls  sqbtnM^ 
the  -wt  of  the  entire  12  feet  clear  length  of  bearn^  or  1750  lbs ;  and  the  rem,  9500  Ibt. 
is  the  neat  extraneous  breakg  load.  About  ^  part  of  this,  or  950  lbs,  ii  quite  at 
much  as  should  be  trusted  upon  so  yariable  and  treacherous  a  nuiterial  as  red  sand* 
stone. 
Rem.  1.  A  beam  requires  twice  as  much  breaking  load,  equally  dUtr&mUdy  as  it 
will  at  its  center.  In  this  case  the  breakg  strength  of  the 
beam  vdW  not  be  diminished  if  the  top  be  cut  away  in  the  form 
of  a  true  semi>«llip8e,  as  shown  by  'tiKo  dots  in  fiig  7.  Or  if  Uie 
depth  must  be -kept  uniform,  the  mdes  may  be  trimmed  to  two 
parabolas  oco^oto^  Fig  8.  The  mode  of  drawing  these  figs 
to  any  span  and  height  will  be  found  under  "  Mensuration,* 
pp  150,  153;  but  in  practice  circular  Bvgmeuts  will  answer. 
Rem.  2.    IhmmI  uniformly  distribated  aloxo 

THE  ENTIRE  CLEAK  LENGTH,  y  g^   Fig  U,   OP  A   HOR  RECTANODLAR 

BEAM,  FIRMLT  FIXED  AT  ONE  END  ONLT,  Hssume  it  to  be  at  the  cen- 
ter, as  in  Art  1*2, and  calculate  it  by  the  rule  in  that  Art.  Then 
div  the  result  by  2.  From  the  quot  deduct  entirt  wt  of  beam 
for  neat  load. 

In  this  case,  theoretically,  we  may  cut  off  one-half  the  pro- 
jecting part  y  o  of  the  beam,  as  by  the  dotted  line  y  o,  without 
aiminishing  its  breakg  strength.    But  in  practice  it  will  rarely 
be  advisable  to  reduce  it  to  a  mere  thin  edge  at  o.  Or  the  depth 
c  «  of  the  beam  may  be  left  uniform,  and  the  sides  be  cut  away, 
as  shown  by  the  two  semi-parabolas  ac^ac^  at  t,  which  is  the 
top  of  the  beam.    If  a  c,  a  c,  be  even  made  straight,  instead  of 
parabolas,  it  is  plain  that  there  would  still  be  a  considerable 
saving  of  expense,  if  the  beam  is  of  iron. 
Art.  14.    When  the  entire  brealtgr  load  Is  applied  at  any 
point  o,  Fiff  10,  not  at  the  center ;  flrBt  find  by  Art  i2,  what  wonld  be 
the  center  breakg  load ;  including  half  the  weight 

J -^ ■\  of  the  beam.     Then ;  making  c  the  center  of  the 

^1^  span,  and  having  the  lengths  ao^  og^ae  and  cg\ 


Fifir.  10. 


^    extraneous       /said  total 
concentrated     /    center       ae  X  eg 
breaking   '^  \  breaking  X  ao  X  ©^ 


)-■ 


half  the 
wej§[ht 
~      —  ^-w,         of  the 
load  at  o         \    load  /  beam 

This  rnle  is  not  exaet  if  the  load 
rests  upon  Oie  beam  for  a  short  distance  on  either  or  on  both  sides  of  the  point  a, 
but  only  when  it  all  rests  at  that  veiy  point  alone ;  if  it  does  not  the  load  may  be  in- 
creased.   See  p  483. 

Rem.  1.  As  a  given  load  approaches  either  support,  its  breaking  mommt  deeretum; 
but  its  tendency  to  shear  the  beam  between  itself  and  the  neai-est  support  imcr^eue9. 
See  Rem,  p  533. 

Rem.  2.  This  beam  will  bear  to  be  reduced,  as  at  m  or  n.  Fig  5 ;  except,  that  In- 
stead of  reducing  from  its  center,  as  in  Fig  5,  we  must  do  so  fix)m  whM^  the  load  is 
applied.  * 

Art.  15.  "When  the  beam,  instead  of 
hetair  hor,  is  HMrlined*  a»  in  Fie  11«  iB 

any  of  the  foregoing  casea,  the  her  dist  o  y  matt 
be  taken  as  its  span,  instead  of  the  actoal  cle«r 
length  o  c ;  and  s  Oy  sy  instead  of  a  o  and  a  c  This 
applies  also  to  beams  fixed  at  one  end,  and  whether 
the  inclination  is  upward  or  downward  finom  the 
fixed  end. 


NoTR.  The  quantity  of  material  in  incliped  bevni  may  te 
reduoed,  iji  Che  fame  nantier  ««  hi  b«r  oae«. 


Tig.  11. 
Art.  16.  Trianvraiar  beams  of  w<mmI,  aocording  to  Bartow*g  eacperi- 

ments  yrith  pine,  require  about  %  greater  breakg  loads  with  the  base  up,  than  when 
It  is  down.  Or  with  the  base  down,  about  ^  less  than  when  up.  Tredgold  considers 
them  about  equally  strong  in  either  position ;  and  that  ta  find  the  center  breakg 
[®«d,  we  may  first  calculate  it  by  Art  12,  as  if  the  beam  were  a  rectangular  one  with 
the  same  base  and  perp  height  as  the  triangle  ;  and  take  U  of  the  result  Hence, 
"ie  triangle  is  not  an  economical  shape  for  a  beam :  for  with  only  1^  the  strength  of 
a  rectangular  one,  It  has  half  as  much  material. 
Hodgkin^n,  with  cast-iron    t r i a n « j^,iji^^JM^#«n S,  base  op^ 
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BMfla  the  ^teidcg.ldads  •qnal  to  ^  of  tkoM  <rf  reotMcolM  bans  m  in  wood.  R«imle*8 
ncp&rimtmm  gWe  mboafc  the  Muue  proyortioo,  with  tke  1>jm  up ;  but  witfi  the  biist 
down,  he  made  tbe  streagtli  weaily  twice-  as  gre«t,  er  about  •A-  that  of  a  rectanguJav 
beam  of  the  same  width  and  Tertical  height.  The  comparative  strengths  in  the  two 
positions  will  vary  in  diff  materials,  inaamtich  as  It  is  affected  by  the  comparative 
resistances  which  any  given  material  presents  to  tension  and  compression.  Within 
tlie  limit  of  elasticity  the  beam  will  be  equally  strong,  whether  the  edge  or  base  be 
up;  and  wlil  bend  equally  in  either  case;  so  also  with  the  Hodgkinsou,  or  any  other 
form  of  l>eam. 

Art.  17.  To  find  the  side  of  a  Minare  hor  1»eniii  supported  at 
l»oUi  eiicbi,4uid  reqd  to  brealK  Mitder  a  slve«  4|iiie#oettt  center 
load. 

Rule.  Mult  the  clear  bearing  in  ft,  by  the  given  breakg  load  in  pounds.  Biv  tlie 
prod  by  the  corresponding  constant  p  493.  Take  the  cube  root  of  the  qnot.  This 
cube  root  will  be  the  reqd  depth  or  breadth  of  the  beam,  approximately,  in  ins. 
When  the  size  of  the  beam  is  so  great  that  its  wt  must  be  taken  into  consideration, 
increase  either  its  breadth,  ns  directed,  in  Art  20;  or  its  4epth,  as  per  Art  21,  or,flrst 
find  the  approx  side  as  before.  Then  calculate  the  wt  of  a  sq  beam  having  that  side. 
Add  half  this  wt  to  the  given  cen  load,  and  with  this  increased  cen  load,  repeat  the 
whole  calculation.  The  resulting  side  will  be  the  reqd  one  very  approx,  but  still  a 
mere  trifle  too  small. 

The  breakg,  or  the  safe  load  of  a  square  beam,  if  mult  by  .6,  will  give  that  of  a 
eyllnder,  whose  diam  is  equal  to  a  side  of  the  square  one. 

Art.  IS.  Wiien  tlie  beam  is  reqd  to  bear  Its  eenter  load 
safely*  mult  the  given  safe  load  by  the  number  of  times  it  is  exceeded  by  the 
breakg  load.  Then  find,  by  Art  17,  the  side  of  a  square  beam  to  break  under  this  in- 
creased load.  The  beam  thus  found  will  evidently  l>e  approximately  the  safe  one  for 
the  actual  load ;  exclusive,  however,  of  the  wt  or  the  beam.  When  this  muut  be  in- 
cluded, increase  the  dimensions  as  directed  in  Art  17. 

If  the  load  is  equally  distributed,  first  div  it  by  2,  then  proceed  precisely  as  before. 

Art.  19.  Wben  tbe  beam  Is  eyllndrleal,  and  reqd  to  break 
nnder  its  center  load,  to  flud  Its  diam,  mult  the  load  by  1.7,  and  by  Art  17 
find  the  side  of  a  square  beam,  to  break  under  this  increased  load.  The  side  thub 
found  will  also  be  approximately  the  reqd  diam.    See  Rems  1  and  2. 

If  to  be  borne  safely,  first  mult  it  by  the  number  of  times  it  is  to  be  ex- 
oeede<l  by  the  breakg  load.  Then  mult  the  prod  by  1.7,  aud  proceed  precisely  as 
before.    See  Rems  1  and  2. 

Rbm.  1.  In  neither  case,  however,  is  the  wt  of  the  beam  itself  included.  When  this 
is  necessary,  first  find  the  ai^roximate  diam  as  before.  Then  calculate  the  wt  of  a 
beara  having  this  diam.  Add  half  this  wt  to  the  given  cen  load,  in  either  case;  and 
wIthHhIs  increased  center  loml.  repeat  the  Whole  ciilculation.  The  resulting  diiun 
will  be  the  required  one  ^ry  appi-oximately,  but  still  a  mere  trifle  too  small. 

Bem.  2.  If  the  load  ia  equally  distributed,  first  take  one-halt  d 
it  as  being  a  center  load,  and  Mith  this  proeeed  precisely  aa  before. 

Art.  80.  To  find  the  breadth  of  a  hor  reetanipnlar  beam, 
snpitorted  at  b4»th  ends,  to  breaSc  nnder  a  Kiren  qnleseent 
center  load  t  mult  the  center  load  in  fi>s  by  the  span  in  ^t.  Mult  t^e  square 
uf  the  depth  in  ins  by  the  constant  p  493.  Div  the  first  prod  by  the  last.  The 
quot  will  be  the  breadth  approximately.  Oalcnlate  the  wt  of  a  beam  haring  this 
breadth.  Then  say,  as  the  center  load  is  to  ftalf  this  wt,  so  is  the  breadth  found,  to 
jt  new  breadth  to  be  added  to  it.  It  will  still  be  somewhat  too  small,  owing  to  the 
neglect  of  the  wt  of  the  breadth  last  added.  This  may  readily  be  found,  and  its 
corresponding  breadth  added. 

Rem.  1.  If  the  load  Is  to  be  borne  safely,  (without  any  regard  to  the 
amount  of  deflection,)  first  mult  it  by  the  niuuber  of  times  it  is  exceeded  by  the 
breakg  load. 

Rem.  2.  If  in  either  case  equally  distributed,  take  half  of  it  as  if  a 
center  load,  and  proceed  precisely  ad  before. 

Art.  21.  To  find  the  depth,  when  the  breadth  Is  irf  ▼«««  mnit 
the  load  in  lbs  by  the  span  in  feet.  Mult  the  breadth  in  ins  by  the  constant  p  493 
Div  the  first  prod  by  the  last ;  take  the  sq  rt  of  the  quot  for  an  approximat* 
depth.  Qilculate  the  wt  of  a  beam  haTing  the  depth  Just  found ;  add  halfoi  it  to  th« 
given  center  load,  and  with  this  new  load  repeat  the  whole  calculation;  for  a  more 
approximate  depth,  but  still  somewhat  too  small,  owing  to  the  neglect  of  the  wt  of 
tbe  depth  last  added.  We  may  find  this,  and  repeat  the  whole  calculation,  or  we 
mav  merely  increase  the  breadth  by  Art  20,  .        .        «         i 

IUm.   If  the  load  is  to  be  borne  safely,  or  if  It  is  equally  distributed,  see  Remarks 

Digitized  by  LjOOQIvI 


498  STRENGTH  OP  MATERIALS. 

Art.  Itit,  Te  flMd  f lie  si%fe  «llnieiiBloiis  to  be  fftTeit  t*  »  rec* 
taagrnlAi*  beam  of  irlves  sp«M,  supporteii  at  both  eM^s,  aa4 
wbich  In  at  tbe  »»■»•  time  expoeed  botb  to  a  tranaverse 
strain  aud  to  a  louKrltudlual  tensile  or  pnlllnip  one,  or  a 
longitudinal  eompressive  one.  The  writer  U  unable  to  suggest  any 
better  rales  than  the  fulluwiug,  which  are  at  least  safe.  Namely,  when  the  lougi- 
tudinal  strain  is  tensile,  find  separately  the  safe  dimensions  as  if  for  a  beam  alone; 
and  418  if  for  a  tie  alone ;  and  add  the  two  resulting  areas  together.  When  the  longi- 
tudinal strain  is  compressive,  find  separately  the  safe  dimensions  as  if  for  a  bMun 
aloiM ;  and  as  if  for  a  pillar  alone ;  and  add  the  two  resulting  areas  together. 

Example  1.  A  wrought  iron  rectangular  beam  of  10  ft  spsn  ia  to  sustala 
with  a  safety  of  6,  an  equally  distributed  transverse  load  of  100000  lbs ;  and  a  puUiug 
strain  of  200000  lbs.    Of  what  size  must  it  be  7 

Here  the  distributed  load  of  100000  lbs  is  equal  to  a  safe  center  one  of  50000  lbs; 
or  to  a  brealcing  center  one  of  50000  X  0  =  300000  lbs. 

Now  ilrst  we  may  assume  for  the  beam  some  probable  approx  depth,  say  12  ins. 
Then  we  ilnd  by  Art  20  that  its  breadth  as  a  beam  alone  will  be 

Breakg  load  in  lbs  X  span  in  ft       300000  X 10        3000000 

\  ■  s^  •    =s  -_^_^_^  —a  0.3S  ina. 

•q  of  depth  in  ins  X  coef,  p  41^         144X2500  360000 

Agaiu,  a  bar  to  bear  a  pull  of  200000  lbs  with  a  safety  of  6,  should  not  break  with 
less  than  1200000  lbs ;  therefore  since  fair  bar  iron  breaks  with  about  60000  lbs  per 
sq  inch,  we  have  1200000  -i-  50000  =  24  sq  ins  as  the  area  of  bar  for  the  pnll  alone. 
We  may  add  all  of  t^is  to  the  width  of  the  beam,  making  it  24  .i- 12  =>  2  ins  wider; 
or  10.33  ins  wide  in  all.  Or  we  may  add  it  all  to  the  depth,  thus  making  the  bean 
24  -i-  8.33  =  2.88  ins  deeper,  or  14.88  ins  in  all.  Or  part  may  be  added  to  the  breadth, 
and  part  to  the  depth. 

Example  2.  A  wrouglit  iron  rectangular  beam  of  10  ft  span,  is  to  sustain 
with  a  safety  of  6,  an  equally  distributed  transverse  load  of  100000  lbs,  and  a  com- 
pressive strain  of  200000  lbs.    Of  what  size  must  it  be? 

Here  first  assumiug  some  probable  approx  depth,  say  12  ins,  we  find  as  before  that 
its  breadth  as  a  beam  only  will  be  8.33  ins.  As  to  the  compressive  force,  it  is  plain 
that  a  pillar  for  sustaining  it  should  be  a  hollow  one  with  its  sides  as  wide  as  possi- 
ble; and  this  is  to  be  effected  by  placing  it  around  the  outside  of  our  beam.  The 
pillar  will  therefore  have  sides  of  about  8.33  and  12  ins  wide ;  and  its  breaking  load 
must  be  200000X6  =  1200000  lbs,  or  say  636  tons.  Now  the  length  of  the  pillar 
measured  by  its  narrowest  side  is  120  +  8.33  =  14.4  sides;  and  by  table,  p.  444^  we 
find  that  a  hollow  square  wrouglit  iron  pillar  14.4  sides  long,  brealcs  with  15.5  tons 
per  sq  inch  of  its  metal  area.  Hence  we  require  536-4- 15.5^34.6  sq  ins  metal  area 
for  our  pillur.  Now  the  ulrcumf  of  the  pillar  is  8.83  X  2  + 12  X  2 » 40.66  ins. 
Hence  itfl  thickness  must  be  34.6  -i-  4(».66  =>  .85  of  an  inch.  Hence  both  the  bfMdth 
and  the  depth  of  the  beam  must  eiich  be  increased  twice  that  much  or  1.7  inch ;  tb.m» 
making  it  1U.03  ins  brond  and  13.7  ins  deep. 

It  Is  plain  ttaat  onr  pillar  is  thlelcer  than  neeessary,  because 
.the  tabular  -  widths  are  supnosed  to  be  hj  outside. measure,  whereas  our  width  of  8.3:{ 
iiM  is  inside  measure.  The  final  outer  width  of  10.03  ins  would  make  the  pillar  only 
12  sides  long;  at  which  it  would  require  15.7  instead  of  15.5  tons  per  sq  i2ch  to 
break  it.  Other  considerations  too  abstruse  to  be  explained  here,  combine  to  make 
the  resulting  dimensions  in  both  Examples  somewhat  in  excess. 
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ta^irnlnir  teeains  of  wbite  pine  or  s|iraee,  one  ineli  broad, 
supported' at  both  ends,  and  loaded  at  the  eenter ;  together 
with  their  deflections  under  said  loadsi. 

Tlie  safe  load  is  here  one-sixth  of  the  breaking  load. 

For  the  neat  loads,  deduct  ^  the  wt  of  tlie  beam  itself.  The  d^ections, 
howef er,  are  the.  octttaj  ouee ;  tlie  wts  m  the  beams  liaTlng  beeii  introduced  in  cal- 
cnlatfaig  them,  Igr  the  rale  lu  Art  27. 

liOadfl  appli€»d  suddenly  will  double  the  deflections  in  the  table ;  as 
when,  for  instance,  if  a  load  is  held  by  hand,  just  touching  a  beam,  the  hold  should  be 
suddetelp  loosed. 

Caution.  Inasmuch  as  this  table  was  based  upon  well  seasoned,  straight 
grains  pieces,  free  from  knot«,  and  other  defects,  we  must  not  in  practice  take 
more  than  about  two-thirds  of  the  loads  in  the  table  for  a  safety  of  6  in  ordinary 
building  timber  of  fair  quiUity ;  and  with  these  reduced  loads  should  not  reduce 
the'deflections. 

Ohaerre  also  that  our  table  is  for  safe  center  loads,  but  it  is  plain  that 
fa  practice  we  cannot  always  apply  the  term  in  its  utmost  strictnesa ;  otherwise 
the  load  would  have  to  be  sustained  by  a  mere  knife-edge,  at  the  very  center  of 
the  beam.  Now,  in  the  instance  Bern.  p.  500,  if  we  attempted  to  sustain  the  center 
load  of  6075  fi>s  upon  such  a  knife-edge,  it  would  at  once  cut  the  beam  in  two.  If 
we  even  applied  it  along  8  or  4  ins  of  the  length,  it  would  cat  into  it,  and  we  should 
not  have  a  safety  of  6  against  crushing  the  top  of  the  beam  until  as  in  the  case  of 
the  ends  we  cUstributed  the  load  along  full  46  ins  of  length,  or  atwat  S2  ins  for  a 
safety  of  4. 

The  safe  load  is  here  V^  of  the  breakg  one ;  and  the  last  at  460  lbs  at  the 
center  of  a  beam  I  Inch  square,  and  1  foot  clear  length  between  its  supports.  For 
mere  temporary  purposes,  }4  part  may  be  added  to  the  loads  in  the  table,  thus  mak- 
ing them  equal  to  the  ^  of  the  breakg  load.  But  in  important  structures,  subject 
to  vibration,  ^  part  shonid  be  deducted  from  the  tabular  loads,  thus  reducing 
them  to  14  of  the  breaking  load.  .This  is  especially  necessary  if  the  timber  is  not 
well  seasoned. 

With  the  safe  loatls  in  this  table  a  beam  may  bend  too 
mneh  for  many  practic»l  purposes.  When  this  is  the  case,  we  mny,  by  reducing 
the  loada,  reduce  the  deflections  in  nearly  the  same  proportion ;  or  see  table,  p  512. 

All  the  loads  in  the  Table  are  superabundantly  nafe  against  shcarinsr. 
Asrainst  crnshinip  at  the  ends,  &c,  see  *^  €antions  "  below  tho  Table, 
p600.  Original. 
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i(OilBh»aL) 

Depth 

of 
beam. 

Span  18  n. 

ipan  p)  ft. 

Spao  25  ft|Bpati  30  ft|Bpaii  ^  ft|BpHki  ^  ft] 

WiToi 

tOftof 
lieam. 

load 

def. 

load 

d6f 

load 

def. 

load 

def. 

load 

def. 

load 

def 

Ins. 

lbs. 

ins. 

ftw. 

ins. 

lbs. 

ins, 

9)8. 

ins. 

B>8. 

ins.  1  9)8. 

ins. 

fte. 

6 

150 

1.4 

135 

1.8 

108 

2.9 

90 

45 

77 

6.5 

67 

9.2 

12 

7 

204 

1.2 

184 

1.5 

147 

2^ 

122 

3.9 

105 

68 

02 

7.6 

14 

8 

267 

1.0 

240 

1.3 

192 

2.1 

160 

8.2 

137 

4.6 

120 

6.4 

16 

9 

338 

.92 

304 

1.2 

243 

1.9 

202 

2.8 

U4 

4.0 

162 

6.5 

18 

10 

417 

.82 

376 

1.0 

300 

1.7 

250 

2.5 

214 

3.6 

188 

4.9 

20 

11 

606 

.74 

464 

.93 

368 

1^ 

302 

2.2 

269 

3.2 

227 

iJR 

22 

12 

600 

.68 

640 

M 

432 

1.4 

360 

2L0 

308 

2.9 

270 

ZJd 

24 

14 

817 

M 

735 

.72 

688 

1.2 

490 

1.7 

420 

2.4 

367 

3.2 

28 

16 

1067 

.60 

960 

.63 

768 

1.0 

640 

1.6 

648 

2.1 

480 

2.8 

32 

18 

1360 

.46 

1216 

.66 

972 

.90 

810 

1.8 

604 

1.8 

607 

2.6 

86 

20 

1666 

.40 

1600 

.60 

1200 

.7» 

1000 

1.2 

867 

1.6 

750 

2.2 

40 

22 

2017 

.37 

1816 

.45 

1452 

.72 

1210 

1.1 

1037 

1.6 

907 

2.0 

44 

24 

2400 

.83 

2160 

.41 

1728 

M 

1440 

.96 

1234 

1.3 

1080 

1.8 

48 

26 

2817 

.81 

25-26 

.88 

2018 

.60 

1684 

.88 

1449 

1.2 

1263 

1.6 

^2 

28 

3267 

.28 

2940 

.35 

2352 

.66 

1960 

.81 

1680 

11 

1470 

1.6 

66 

30 

8760 

.26 

3376 

.88 

2700 

.60 

2260 

.76 

1028 

l.l 

1687 

1.4 

60 

82 

426T 

.26 

3840 

.80 

3072 

.46 

2560 

.71 

2104 

IjO 

1920 

1.8 

64 

34 

4817 

.23 

4386 

.29 

8468 

M 

2890 

.67 

2477 

.02. 

2167 

1.2    68 

86 

6400 

.22 

4860 

.27 

3888 

.43 

3240 

.63 

2777 

.86 

2430 

1.1    72 

Wbite  oak,  mmI  htmt,  SoalilM»rii  plteli  pine  will  bear  loads  ^ 
greater. 
For  emmt  Iron,  molt  the  loads  in  the  table  hj  4.6;  and  for  wrooigrbt  bgr 

5.3.    For  these  new  loads,  mult  the  deik  by  .4  for  cast;  and  by  .3  for  wrought. 

If  the  load  is  eqiiMly  disiribnted  over  the  span,  it  may  be  twice  as 
great  as  the  center  one,  and  the  defs  will  be  1^  times  those  in  the  table.  If  I^hd 
lea«ls  in  tlie  table  be  equally  distributed  along  the  whole  beam,  the  defe  waU 
be  but  five-eighths  as  great  as  those  in  the  table.  See  Art  26.  p505&.  When  more 
accuracy  is  reqd,  lialf  the  wt  of  the  beam  itself  must  be  deducted  from  the  center 
load ;  Mill  the  whole  of  it  from  an  eqnally  distrilNited  load.  The  wt  of  the  beam,  in 
the  hiSt  column,  supposes  the  yrood  to  be  but  moderately  seasoned,  and  therefore  to 
weigh  28.8  lbs  per  cub  ft. 

Uses  of  the  foreicolnff  table.  Ex.  1.  What  mnst  be  the  breadth 
of  a  hor  rect  beam  of  wh  piue,  lo  ins  deep,  sappdrted  Itt  bdlh  ends,  and  of  20  ft  elear 
r.ength  between  its  supports,  to  bear  safely  a  load  of  6  tons,  or  11200  fi>s  at  its  center? 
Here,  opposite  the  depth  of  18  ins  in  the  table,  and  in  the  column  of  20  feet  lengths, 


we  find  that  a  beam  1  inch  tiiick  will  bear  1215  Sm  ;  consequently, 


c  9.22  ins. 


the  reqd  breadth ;  for  the  strength  is  in  the  same  proportion  as  the  breadth. 

Ex.  2.  What  will  be  the  safe  load  at  the  center  of  a  joist  of  white  pine,  18  ft  long, 
^  ins  broad,  an4  12  ins  deep  ?  Here,  in  the  col  for  18  ft,  and  opposite  12  ins  in  depth, 
ve  find  the  safe  load  for  a  breadth  of  1  inch  to  he  flOO  Sm  ;  cotndgneQfly,  60D  X^^ 
1800  lbs,  the  load  reqd.. 

Rkm.  Oantions  in  tke  use  of  tbio  above  table.  For  instance,  in 
placing  very  helivy  loads  Upon  short,  but  deep  and  strong  beams,  we  must  take  care 
that  the  beams  rest  for  a  sufficient  dist  on  their  supports  to  prevent  all  danger  flrum 
crusMng  at  the  ends.  Thus,  if  we  place  a  load  of  6075  Sks  at  the  center  of  a  beam 
of  4  Ibet  span,  18  ins  deop,  and  only  1  inch  tiiick,  each  end  of  the  beam  sustains  a 

vert  Crushing  force  of  -^  =  3037  fi>s,  and  that  sidewise  of  tbe  ^raln,  in 

which  position  averas^e  white  pine,  8pru(»,  and  hemlock  orosH  under  about  800 
fbs  p«r  sq  hich,  and  do  not  have  a  safety  of  6  until  the  pressure  Is  reduced  to  about 
133  fba  per  sq  inch.  Therefore  our  beam,  in  order  to  have  a  safety  of  6  against 
crushiqg  at  its  ends,  most  rest  on  each  support  3037  •^  133  =>  23  sq  ins :  or  for  a 
safety  of  4  nearly  16  $a  ins.  When  a  prcBSure  b  equally  distributed  side- 
wise  (that  is,  at  right  aiwles  to  the  general  direction  of  the  fibres)  over  the  entire 
pressed  surface  of  a  foIo(£  or  beam  (to  ensure  which,  the  opposite  surface  must  be 
supported  throughout  its  entire  length)  the  resulting  oompresaioD  might  readily 
escane  detection  unless  actually  measured.  But  whefi  a  considerable  pressure  is 
applied  to  only  a  portioa  of  the  sarlW:e,as  of  caps  and  sills  where  in  contact  with 
the  heads  and  feet  of  posts,  or  at  the  ends  of  loaded  Joists  or  girders,  the  com- 
pression  becomes  evident  to  thejeye,  beoaase  the  pf^sed  pairts  sink  l>e|ow  the 
unptessed  ones.  In  consQqs:enoe  of  the  bending  or  broking  of  the  adjacent  fibres 
What  m  the  first  case  (especially  if  slight)  would  be  called  compression,  would 
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in  ibe  second  be  called  erushtngr;  even  wben  neither  might  be  so  great  as 
to  be  unsafe. 

Owing  to  the  resistance  which  said  adjacent  fibres  oppose  to  being  bent  or 
broken,  it  is  plain  that  a  given  pressure  per  ^^  Inch,  or  per  fM|  foot«  <ftc., 
will  cause  somewhat  less  compression  or  crushing  when  applied  to  only  a  part  of 
a  surfl&ce,  than  when  to  the  whole  of  it. 

The  writer  lian  seen  40  half  seasoned  hemlock  posts,  each  12  ins  square, 
footing  at  intervals  of  5  ft  from  center  to  center,  upon  similar  12  X  12  inch  hem- 
lock suK  to  which  they  were  tenoned,  and  which  rested  throughout  their  entire 
length  on  stone  steps.  Each  post  was  gradually  loaded  with  32  tons,  or  equal  to 
say  500  lbs  per  so  inch ;  and  their  feet  all  crushed  iuto  the  sills  from  Siio]^  inch. 
Their  heads  crusned  into  the  caps  to  the  same  extent.  In  praettee  the  pres- 
sure at  the  heads  and  feet  of  posts  is  rarely,  if  ever,  perfectly  equable ;  and  the 
same  remark  applies  to  the  ends  of  ioaded  joists,  girders,  &c^  in  which  a  slight 
bending  will  throw  an  excess  of  pressure  upon  the  inner  edges  of  their  supports. 

See  Atlier  eanttons  on  p.  499. 
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STONE  BEAMS. 


Table  of  safe  qnleseent  eirtraneom  loads  §or  beams  off  ytl 
biiilHinff  crranite  one  inch  broad,  supported  at  both  cuds,  and  load«d  At  the- 
center;  amaming  the  safe  load  to  be  one-tenth  of  the  breaking  one;  and  the  latter 
to  be  100  lbs  for  a  beam  1  inch  sqnare,  and  1  foot  clear  span.  The  half  weight  of 
the  beams  themselves  is  here  already  deducted  by  the  rule  in  Art  12,  p.  494,  at  170 
lbs  per  cub  ft. 


J 

a 

I 

OLSAB  8FAKS  IN  PEST. 

1 

t 

8 

4 

5 

6 

7 

8 

10 

" 

15 

20 

Safe  center  loads  in  potmda. 

10 

& 

40 

90 

18 

10 

90 

46 

29 

21 

17 

100 

79 

52 

89 

31 

28 

21 

t50 

124 

82 

81 

48 

40 

34 

s«o 

179 

119 

89 

70 

58 

48 

42 

82 

400 

944 

182 

190 

98 

79 

67 

68 

46 

88 

rt 

16 

<M 

S19 

212 

158 

126 

104 

88 

78 

89 

47 

m 

22 

9^ 

499 

331 

248 

197 

163 

189 

128 

94 

76 

58 

18 

148» 

718 

478 

857 

284 

236 

201 

174 

137 

111 

8§ 

B8 

I960 

978 

860 

487 

388 

322 

274 

288 

188 

153 

lie 

81 

2560 

1278 

850 

636 

507 

421 

359 

812 

246 

201 

157 

109 

S2W 

1S18 

1077 

808 

643 

634 

466 

886 

813 

267 

200 

141 

•iO 

3999 

1998 

1329 

995 

794 

680 

663 

490 

388 

319 

269 

176 

23 

4839 

2417 

1809 

1205 

961 

800   ^ 

882 

S04 

470 

887 

306 

2K 

24 

5758 

tan 

1918 

1484 

1146 

951 

813 

708 

662 

463 

a« 

280 

27 

7288 

3642 

2425 

1815 

1450 

1206 

1030 

896 

713 

586 

4«2 

S32 

30 

8998 

4498 

2995 

2243 

1791 

U89 

1273 

1110 

882 

728 

S78 

.415 

3S 

10888 

6441 

3694 

2714 

2188 

1808 

1642 

1346 

1069 

883 

«8t 

606 

St 

12868 

8476 

4314 

3281 

2661 

2147 

1886 

1603 

1276 

1064 

832 

i06 

If  nttlforiMly  cUstrtbnted  over  Hie  elear  s|NUI,  the  «»fe  extraneoiis 
loads  will  be  twice  as  great  as  those  in  the  table. 

For  sood  slate  on  be^l  the  safe  loads  may  be  taken  at  abont  3  tiaira;  twt 
flfood  sandstOMe  on  bed  at  about  one-half;  and  for  ipood  ntarbie  or 
limestone  on  bed  at  about  the  same  «■  tiuMe  in  the  table.    See  table,  p  4aS. 
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lilNlT  OF  EtiASTICITY  IN  BBAMS. 

UDftor  moderato  londs.  the  defleetioiis  of  a  beam  are  practically  proportional  to 
the  load.  When  they  begin  to  increade  perct  ptibly  faster  than  the  load,  the  latter  is 
■aid  to  hnve  reached  the  elastic  limit-,  or  limit  of  elasticity.  It  is  generally  at  this 
point  that  the  <*  permanent  set "  first  becomes  noticeable ;  i.  e.,  after  removal 
of  the  load,  the  beam  fails  to  return  to  its  ori^ioal  unstrained  condition,  and  remaios 
mure  or  less  bent.  Th*^  deflections  then  also  begin  to  increase  irrtgularly ;  and  to 
continue  indefinitely  without  further  increase  of  load.  In  short,  the  beam  Is  in 
danger.  Hence,  the  actual  load  must  never  exceed  the  elastic  limit ;  and  should  not 
exceed  from  one-third  to  twu-thirds  of  it,  according  to  circumstances. 

Tl&e  limit  of  elastlcitjr  of  a  beam  of  any  particular  form,  or  material,  is 
determined  by  experiment  with  a  similar  beam,  as  in  the  case  of  cpubtants 
for  breaking  loads,  Ac  Thui.  load  a  beam  at  the  center,  by  the  careful  gradual 
addition  of  smHll  eqnal  loads;  carefully  note  down  the  deflection  that  takes  place 
within  some  minutes  (the  more  the  better)  after  each  load  has  been  applied;  in  order 
to  ascertain  when  the  deflections  begin  to  increase  more  rapidly  than  the  loads ;  for 
when  this  takes  place,  the  load  for  elastic  limit  has  been  reached.* 

It  is  not  the  deflections  of  the  whale  beam  that  are  to  be  noted,  but  those  of  its 
dear  span  only.  Several  beams  should  be  tried,  in  order  to  get  an  average  constant, 
fur  even  in  rolled  iron  beams  of  the  same  pattern,  and  same  iron,  there  is  a  very 
appreciable  difference  of  strengths  and  deflections. 

Then,  to  get  the  constant,  using  the  total  load  applied  daring  the  equal  deflections, 
including  half  the  weight  of  the  beam  itself, 

Constant  for  elastte  Umtt-^         Span  in  feet  X  Total  load  in  B>s 

Breadth  in  inches  X  Square  of  depth  in  inches 

The  constant,  for  irooden  beants,  may  be  had,  neir  enough  for  common 
ptactice,  by  taking  one  third  of  the  breaking  constants  in  the  table,  page  493. 

The  foregoing  constants  are  those  for  beams  supported  at  both  endu  and  loaded  at 
Vie  center.  To  find  constants  for  other  methods  of  snpportlnff  and 
loading ) 

Multiply  the 

If  the  beam  is  above  constants  by 

supported  at  both  ends  and  loaded  uniformly  2 

fixed  t       u         »              «            at  center  2 

**             "         «              «            nniformly  8 

"             "    one  end         "            at  the  other  J^ 

«            "         "               "             uniformly  fj 

Said  constant,  thus  calculated,  is  the  elastic  limit  of  a  beam  of  the  given  shape 
and  materiiU,  1  inch  broad,  1  inch  deep,  and  of  1  foot  span,  supported  at  both  tnid^ 
and  loaded  at  the  center.  To  obtain  ftoxn.  it  the  elastic  limit  of  any  other  beam  of 
tlie  same  design  X  *^nd  the  same  material,  similarly  supported  and  loaded,  but  of  other 
dimensions. 

Blast  Ic  ^  constant  X  ^''^'^fe**  'p  inches  X  square  of  depth  in  inches 
•*"»"  span  lS"feit  ' 

*0f  course,  in  pracUco,  it  is  frequently  difflcnlt  to  ascertain  with  precision,  when, 
or  under  what  load,  the  deflections  actually  do  begin  to  incrHase  more  rapidly  than  the 
successive  loads.  For  although  by  theory  the  deflections  are  practically  equal  for 
equal  loads,  until  the  elastic  limit  is  reached,  yet  in  fact  they  are  subject  to 
more  or  less  irregularity ;  for  no  material  composing  a  beam  is  perfectly  uniform 
throughout  in  textore  and  strength.  Hence,  instead  of  regular  increase  of  deflec- 
tion, we  shall  have  an  alternation  of  larger  and  smaller  ones.  Therefore,  some  judg- 
ment is  required  to  determine  the  final  point;  in  doing  which,  it  is  better,  in  ca% 
of  dsubt,  to  lean  to  the  side  of  eafety.  It  is  assumed  always  that  the  load  is  rot 
subject  to  jars  or  vibrations.    These  would  increase  the  deflection-.    See  also  p.  434/. 

t  A  beam  is  said  to  be  "fixed  "  at  either  end  when  the  tangent  to  the  longitudinal 
axis  of  the  deflected  beam  at  that  end  remains  always  horizontal. 

^The  tihapei  of  the  two  beams  need  not  be  eimHar.  For  instance,  the  constant 
deduced  from  experiments  upon  any  rectangular  beam  is  applicable  to  any  other 
rectangular  beam,  whether  square  or  oblong. 
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DBPIiBCTlOIVS  OF  BEAMS. 

Art.  96.    Defl^etioiMiy  «r  bending^,  of*  beams,  under  ibef r  loads. 

The  foreguiDg  relates  uiiiffljr  lo  the  dr^nglh  ot  boHuw,  or  their  letistaofie  to  breaking; 
the  following  to  their  glijfnastt  or  resistHnoe  to  Lendittg.     Tlie  two  follow  very' 
different  laws. 

Vor  defleetlons  limited  to  a  gl-ren  fiactloift  of  the  span,  nie 
Art.  29,  p.  610. 

Tlie  opposite  table  gires  the  deflections  (in  inches)  within  the  clHeifc 
limit,  of  any  prUmatic  bt;am  (beam  uf  uuifuim  crueiH  hection  throughout)  under 
dUTerent  arranf^ements  of  support  and  of  )oad}  also  (in  the  la^t 
c<>lnmn)  the  exfraneow  load  "Wlileh  ^vtU  p>  odnce  a  given  deflection, 
without  assistance  from  tiie  weiKht  of  the  beam  its-  If.  All  the  formuIsB  are  l>fl8('(l 
upon  the  assumption  that  the  increase  of  deflection  is  proportional  to  increase  of  load. 

The  letters  signify  as  follows: 

d  »=  deflection  of  beam,  in  inches  (see  Figs.) 
"W  '•=  weight  of  extraneous  load,  in  pounds. 
«9  .      •'        •♦    cl*»ar  span  of  beam,  in  pounds. 
/  ..  clear  span  of  beam.  In  inches  (see  Figi.) 
B  =—  modulus  of  elasticity  f  of  the  material  of  the  beam,  in  pounds  per  square 

inch.    8ee  pp.  434.  etc. 
I  —  moment  of  inertia*  f  of  the  cross  section  of  the  beam,  in  inches.     See 
pp.  486  and  487. 

From  the  principles  embodied  in  the  opposite  tnble,  we  find  that  in  beams  of 
■imiiar  cross  section  and  of  the  same  material,  and  M'ithin  the  elastic  limit,  the  load, 
and  deflections  (neglecting  the  weight  of  the  beam  it  elQ  are  as  follows : 


With  the  same 

The  deflections  under  a  given  extraneous  load  are 

span 
•<       and  breadth 
**         «    depth 

breadth  *«        » 

inversely  as  the  breadths  and  as  the  cubes  of  the  depths 

u              «;                                                         4(            it               a 

«           «       breadths 
directly       *'       cubes  of  the  spans 

With  the  same 

The  extraneous  loads  for  a  given  deflection  are 

span 
«       and  breadth 
«         «    depth 

breadth  « 

directly  as  the  breadths  and  as  the  cubes  of  the  depths 

((                u                                                               .«              u                *« 

"           «      breadths 
inversely  **      cubes  of  the  spans 

It  also  follows  that,  within  the  limit  of  elasticity,  a  beam  of  irregniar  shape,  such 
as  a  T,  or  a  Hodgkinson  beam,  a  triangle,  &c.,  will  bend  to  the  same  extent,  whether 
its  top  or  its  bottom  be  uppermost. 

After  the  elastic  limit  is  passed,  the  deflections  increase  irregularly,  and  more 
lapidly  than  before;  and  the  beam  becomes  un^afe• 

*In  beams  of  any  given  cross  section,  whether  recteufEular,  triangular,  I  beams, 
etc.,  etc.,  of  equal  or  unequal  nize,  the  moment  of  inertia  is  proportional  to  the  breadth 
and  to  the  cuoe  of  the  depth. 

In  any  solid  reotangiUar  beam. 

Moment  of  inertia  -  breadth  X  cube  of  depth  . 

For  other  shapes  of  cross  section,  see  p.  487.  The  moment  of  inertia  is  indfpendent 
of  the  jnaterial  of  the  beam. 

fFor  other  methods,  not  requiring  the  use  of  the  modulus  of  elasticity  or  the 
moment  of  inertia,  see  pp.  &06,  etc 
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Art.  30  a.  The  folio  ^vlng  methods  ob-viate  the  necetwltsr  9t 
ttndinf;  the  modulus  of  ela^ttcttjr  and  the  moment  of  Inertias 

The  Constant  for  Deflection  for  any  giveu  material,  ivithin  the  limit  of 
elasticity,  is  the  deflt  ction.  in  iaches,  of  a  l>eam  of  that  ma  eriid,  1  iuch  wido,  1  inch 
deep  and  of  1  foot  s|)an,  supported  at  both  ends,  and  loadrd  at  the  centir  with  a  total 
weight  (inclnding  five-eighths  of  the  weight  of  the  clear  span  of  the  beam)  of  one 
pound.  Such  constants  may,  liice  those  of  transverse  strength  (see  p.  491),  be  readily 
found  by  experiment  Thus,  at  the  center  of  any  beam,  placed  horizontally  upon 
supports  at  each  end,  place  any  load  that  is  within  its  elastic  limit,  and  measure 
the  resulting  deflection  in  inches  Multiply  the  weight  of  tbe  span  of  the  beam  by 
.615,  add  tha  product  to  the  neat  load,  fur  a  total  load.  Then  the  required  constant 
for  any  other  beam  of  the  same  design  *  and  of  the  same  kind  and  quality  <^ 
material,  whether  wood,  metal,  stone,  Ac,  is, 

Oonstant  — dSflt!cS?n  X  breadth  in  inches  X  cube  of  depth,  in  inches 
in  inches  total  load  in  fts.  X  cube  of  spaa  in  feet 

We  add  to  the  experimental  neat  load,  the  .625,  or  %  of  the  wt  of  the  clear  span 
of  the  beam  itself,  because  the  wt  of  the  beam  equally  distributed  throughout  its 
span,  also  aids  in  producing  the  def ;  and  it  does  so  to  the  same  extent  that  ^  of  it 
>wouId  do,  if  collected  at  the  center  of  an  imaginary  beam  having  the  same  strens:th 
throughout  as  the  real  one,  but  having  itself  no  weight.  Therefore,  in  applying  the 
constants  for  def  to  beams  intended  for  actual  use,  we  must  not  omit  to  add  %  of 
the  wt  of  the  span,  to  the  intended  center  load,  for  an  equivalent  total  center  load, 
before  making  the  calculations  for  def.  The  weights  of  similar  beams  (that  is, 
beams  proportioned  exactly  alike  in  every  part,  but  of  diff  sixes)  increase  so  much 
more  rapidly  than  their  clear  spans,  that  although  a  small  one  may  safely  bear  a 
load  of  many  times  its  own  wt,  a  much  larger  one  will  break  down  without  any 
load.  Having  by  experiment  found  the  constant  of  def  for  any  given  material,  the 
deflection,  within  the  elastic  limit,  of  any  other  b^am  of  the  same  dssign*  and  of  the 
same  material,  whether  larger  or  smaller,  and  loaded  at  the  center,  may  be  iound 
thus: 

total  equivalent     ^  cube  of  span, 

Deflection  ^  constant  V  center  load,  in  tt)8.  ^       in  feet 

in  inches  ""  breadth,  in  inches  X  cube  of  depth,  in  inches  * 

*  The  ikapes  of  the  beams  need  not  be  similar.  For  instance,  the  constant  deduced 
by  experiment  from  any  rectangular  beam,  applies  to  any  other  rectangular  beam, 
whether  square  or  oblong. 
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Tftble  of  eoDBlantB  for  tbe  <iea<»etloiui,  wiOiln  tbe  »»re,  or 
•lastle  llmito,  of  hor  rectangular  beams,  supported  at  both  ends  nod  loaded 
lit  the  center.  The  timbers  are  supposed  to  be  well  seasoned ;  if  not,  the  constant 
should  be  increased. 

White.oak    00023*         White  pine 1 

Beet  southern  pitch  pine, )    ^f^yj  *         Ordinary  yellow  pine 

and  white  ash  /  *"**^  Spruce   \  X)0032* 

Hickory ~ .00016*  Good  straight-grained  hemlock.  I 

Ordinary  oaks .J 

Cast  Iron 000018 to.000036 Mean  .000027* 

Bar  Iron.. .000012  to  .000024 » Mean  .000018 

Steel,  rolled 000010  to  .000020 Mean  .000015 

Full  and  reliable  experiments  on  the  strength  and  deflections  of  the  various  steels 
are  much  needed. 

It  is  evident  that  the  stiffer  the  material  is,  the  smaller  will  be  its  constant  for  bmd- 
ing.  All  these  constants  vary  somewhat  with  the  quality  of  the  metal .  The  defs  also  of 
timber  of  the  same  kind,  vary  so  much  with  the  degree  of  teasoningf  the  age  of  the 
tree,  the  part  it  is  cut  from,  Ac,  that  the  writer  considers  it  mere  affectation  to  pre- 
tend to  assign  constants  for  practical  use,  more  nearly  approximate  than  he  has  here 
done.  They  are  averages  deduced  from  his  own  experiments  on  good  pieces,  well 
seasoned ;  and  the  loads  were  allowed  to  remain  on  for  months.  Instead  of  minutes, 
as  usual.  Every  structure  is  more  or  less  exposed  to  vibrations  and  jars,  which  in 
time  increase  the  deflections.  In  several  instances,  our  experimental  timbers  bora 
their  breakg  loads  for  months  before  they  actually  gave  way.  And  in  all  kinds,  less 
than  ^  of  the  breakg  load  produced  in  a  few  mouths  a  permanent  set,  or  def. 

The  following  are  deduced  from  single  experiments  only.    An  allowatnce  Is  made 
for  the  weight  of  the  beam. 
Boiled  iron  beams  proportioned  exactly  as  the  7-inch  Phoenix  beam,  .000030.3t 

**       "       "  "  80  lbs,  9  inch,  "  "    «..^..  .OOOOSffilf 

•*       "       "  "  60  "  heavy  9  inch        **  "  .0000264 

"       "        "  "  41%  Ibe,  V2  inch  .        «  «  OOOOaWf 

"        "        "  "  61||  lbs,  16  inch  "  " 0>00.'^66t 

*•       "  "  66%  lbs,  15  inch  "  " .0000438 

Art.  27.  To  find  tlie  def  In  Inelies,  of  a  lior  reetan«rnlar 
l^an,  supported  at  both  ends,  and  loaded  at  Its  center,  with 
an  J  friven  load  within  Its  elasticity «  mnlt  the  weight  of  the  clear 
beam  itself,  in  lbs,  by  the  decimal  .625.  Add  the  prod  to  the  given  center  loAd  in  U«. 
Gall  the  sum  the  total  load.  Mult  together  this  total  load,  the  cube  of  the  span  in 
ft,  and  the  constant  from  the  upper  table.  Also  mult  together  the  breadth  in 
ins,  and  the  cube  of  the  depth  in  ins.    Div  the  first  prod  by  the  last  one. 

Ex.  What  will  be  the  def  of  such  a  beam  of  average  white  pine,  9  ins  broad,  12 
ins  deep,  21  feet  clear  span,  and  weighing  450  lbs;  with  «  neat  center  load  of  1218.75 

Here  first,  450  X  .625  =  281.25  lbs.  And  281.26  -f  1218  75  =  1500  lbs  total  load. 
Hence, 

1500  X  21«  X  Const.      1500  X  9261  X  .00032      4445.2       „^^  ,     ^  ^  ^  , 
9X1^? * Vxm =3^55^ -.286  inch  ;reqddet 

Rbm  1.    When  the  loa«l  Is  all  at  one  point  not  at  the  center, 

0,  Vig  10  p  496^  mult  together  the  two  dists  o  a^og^  from  the  load  to  the  points  of 
support.  Mult  the  prod  by  4.  Div  the  result  by  the  cle»ir  span.  Use  the  quot  as  if 
it  were  the  span,  in  the  iHSt  rule.  The  wt  of  the  beam  is  not  here  taken  into  account ; 
It  will  of  course  somewhat  increase  the  def 


♦  Averages  near  enough  for  ordinary  practice  by  the  writer's  own  trials.  Call- 
Inir  the  averaire  elastic  def  of  a  steel  beam,  1,  that  of  a  similar 

krerage  wroaght  one  will  be  1.2 :  and  that  of  a  cant  one  1.8.  If  that  of  an  average  oaal  bean  be  1. 
that  of  a  wrought  cue  wUl  be  .67 ;  and  that  of  a  steel  ooe  .56.  If  that  of  a  wrought  one  be  1,  eait  will 
be  1.5;  and  ateel  .83. 

t  We  belierr  that  these  four  beams  have  the  sane  proportions,  as  nearlj  as  the  prooeM  of  making 
then  will  admit  of;  so  that  .000033  may  be  Uken  as  a  near  enough  average  for  all  four.  As  before 
remarked,  extreme  accuracy  uiust  never  be  expected  io  such  matters.  Two  halves  of  the  samo  iden- 
tical beam  will  often  give  differences  greater  than  this. 
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Bex.  2.  When  the  neat  load  Is  eanally  distributed  alonjc 
the  span,  iuatead  of  all  being  at  the  center,  tnen  for  an  eqniralent  total  center 
load,  aad  together  the  neat  load,  and  the  entire  wt  of  the  clear  span  of  beam ;  and 
mult  the  sum  by  the  dec  .625.  With  the  resulting  equivalent  center  load,  proceed 
precisely  as  in  the  foregoing  example. 

Ex.  The  def  of  the  foregoing  beam  of  white  pine,  9  ins  broad,  12  ins  deep,  2t 
feet  span,  weighing  450  B>s,  and  bearing  an  equally  distributed  load  of  1218.75  fiHi? 

Here  first  450  +  1218.75  =  1668.75.  And  1668.75  X  -626  ^  1042.97  Its  =  equiTaleut 
center  load.    Hence 

1042.97  X  21*  X  .00032         3090.862  ,^„^  ,  ^  ^  ^ 
9X1^ =-  -15552-   =  •l»87ins,reqddef. 

Rim.  8.  With  an  equally  distrtbnted  load,  including  the  wt  of  tfae 
beam,  the  def  is  only  ^,  or  the  .625  part  as  great  as  it  would  be  if  the  same  total 
load,  including  the  entire  wt  of  the  beam,  were  all  applied  at  the  center. 

Rbm.  4.  If  the  beam  in  any  of  these,  or  the  following  cases,  is  inelinefl^  Fig. 
11,  p  496,  use  the  hor  dist  o  y,  instead  of  the  actual  span  o  c 

Art.  28.  Rule  1.  To  find  the  neat  center  load  which  will  (to- 
lirether  with  the  wt  of  the  beam  itself )  prod  nee  any  ipiveu  def 
within  the  elastic  limit  of  the  beam ;  nod  the  cube  of  the  clear  length 
in  feet;  mult  this  cube  by  the  constant  from  the  table  on  p  507.  Also  mult  the 
breadth  in  ins,  by  the  cube  of  the  depth  in  ins.  Div  the  first  prod  by  the  last  one. 
Div  the  given  def  in  ins,  by  the  quot,  for  the  total  reqd  load  in  Bm.  Mult  the  wt  of 
the  clear  length  of  the  beam  in  lbs  by  .625,  and  deduct  the  prod  from  the  load  so  ob- 
tained, for  the  wtat  load.    By  formula, 

_  ^  , ,     ,  Cube  of  length  ^  Constant 

tadid?^'  =  »•««**  -  Infoet         X  InpW 

Wt  of  beam        ^  ^°^      *       Breadth  v.  Cube  of  depth 
in  ins     -^  in  ins. 

Ex.  What  center  loid  in  lbs  will  (together  with  the  wt  of  the  beam  itself)  pro' 
duce  a  def  of  .286  of  an  inch,  in  a  beam  of  white  pine,  21  ft  span,  9  ins  broad,  12  ins 
deep,  and  which  weighs  45U  0>s?    See  table,  p  499* 

Cube  of  21.       Const.  Breadth.    Cube  of  12^ 

Here      9261    X  -00032  =  2.9635.  And      9      X    1728    <=  16552. 

Tdr  the  neat  load  we  must  deduct  .625  of  the  wt  of  the  beam ;  or450  Sta  X  .025  » 
281.25  Sbs;  so  that  the  neat  load  is  1600  —  281.25  »  1218.75  fte,  as  in  Ex  1,  Art  27. 

If  the  load  is  nniformly  distribnted,  use  precisely  the  same  rule  for  get- 
thig  the  total  load.  Then  mult  this  load  by  1.6.  Deduct  the  entire  wt  of  the  clear 
length  of  beam. 

Ex.    What  equally  distributed  load  will  deflect  the  foregoing  beam  .1987  ins  7 

Here,  proceeding  as  before,  the  ouly  diff  is  that  instead  of  .286  def,  we  have  .1987 
1987 
def  to  be  div  by  .0001906.    And     '      '      =  1042.5  lbs,  as  the  equivalent  eenUr  load. 

And  1042.5  X  1-6  =  1668  B>8  for  the  total  distributed  load,  including  the  entire  wt 
of  the  beam,  or  450  lbs.  Hence  1668 — 450  =  121 8  Rm,  the  neat  distributed  load  reqd  ; 
agreeing  with  the  preceding  example  within  ^  of  a  lb ;  the  diff  being  owing  to  a 
neglect  of  small  decimals  in  the  calculation. 

Rule  2.  The  len«rth,  depth,  neat  center  load,  and  def  beinir 
apiven,  to  find  the  brea«fth« 

Neat  cen  load  ^  Cube  of  length  ^  Constant         __   ... 
in  lbs         ^         in  feet         ^  in  Art  26         Breadth 

—     in  ins 


Cube  of  depth  ^    Def  approx. 

in  ins         X  in  ins  app^*. 


Or  sufficient  for  the  neat  load  alone. 

Now  calculate  the  wt  of  a  beam  with  the  breadth  already  found.   Mult  this  wt  by 
.625,  then  say,  as 

v«.*  ^r^t^^  Breadth     ^    ^     .625  of  the  Additional 

Neat  center     .        first        :    ;     weight  of     I       breadth 

*°'^  •       found  the  beam  reqd. 

Add  those  two  breadths  together,  and  their  snm  will  be  the  total  breadth  reqd,  mow 

approximately ;  but  still  somewhat  too  small,  inasmuch  as  it  provides  only  for  the 
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wt  <rf  the  bean  of  the  breadth  first  fouad,  and  not  for  that  haring  the  additional 
breadth.    This  may  readily  be  CHlculated  and  added. 

RuLB  a    Tbe  lengrtb,  breadtli.  Meat  center  toad,  and  del; 
belniT  given,  to  And  the  depth. 

Keat  cen  load  ,-  Cube  of  length  ^  Oonstant  _  ^ 

inflOg         ^    .     in  feet         ^  in  Art  26         Cube  of  depth 
=s         in  ins 


Breadth  v.    Def 
in  ins    '^  in  ins 


approz. 


Take  the  cube  roct  of  this  for  the  depth  itself;  approximately.  Bm.    This, 

like  the  breadth  given  by  the  preceding  formula,  is  too  small,  -inasmuch  as  it  does 
not  allow  for  the  wt  uf  the  beam.  Therefore,  when  greater  accuracy  is  required, 
proceed  thus:  Calculate  the  wt  of  a  beam  having  the  depth  Just  found.  Mult  tbis 
wt  by  .625.  Add  the  prod  to  the  neat  center  load.  Consider  the  sum  as  a  new  neat 
center  load;  and  using  it  instead  of  the  neat  center  load  first  given,  go  through  the 
whole  calculation  again,  to  obtain  a  new  cube  of  depth.  The  cube  root  of  this  will 
be  more  nearly  correct;  but  still  a  trifie  too  small,  for  the  same  reason  as  in  the  fore- 
going case. 


&ur.     In  expeiimeatingr  for  eonntants  of 

any  kind,  with  beams  of  irregular  cross-sections,  this,  for  in- 
stance,  it  is  qnite  Immaterial  which  breadths  and  depths  are 
measd;  thus,  for  the  breadth  we  may  take  a  6,  Im^  cd.  or  oe, 
Ac;  and  for  the  depth,  eithernc,  2v,  md,  &o,  &c.  It  is  only 
necessary  to  state  what  parts  actually  have  been  taken,  so 
that  the  corresponding  ones  may  be  measd  in  any  other  beam 
which  is  to  be  calculated  by  the  constant  derived  from  the 
experiment.  This  remark  applies  to  all  constants  involving 
the  breadth  and  the  depth.  The  constant  itself  will  of  course  vary  according  to 
which  dimensions  are  taken  in  the  experiment ;  but  the  results  derived  from  it  when 
applied  to  other  beams  of  similar  forms,  will  not  be  affected  thereby,  if  the  corre- 
sponding parts  be  measd  in  both  cases* 

*  We  may  eveu  take  tmg  tingU  ohUqtie  raeaAiirpment.  nn  ab,  Im.ne.  a d,  fto.  and  oall  it  both  tbe 
kreadtb  aod  tbe  deptb.    Tbis  applies  to  rectangular,  or  to  anj  otber  sbaped  beams. 
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Art.  39.  Allowable  defleetton  Im  pimeUce.  The  extent  to  which  a 
beam  may  beud  under  eren  a  perfectly  safe  load,  may  b»  too  great  fcr  many  purpoaea 
in  erery-day  practice.  Tredgold  and  others  assame,  that  in  order  not  to  be  observed, 
or  that  it  may  not  caa»e  the  plaster  of  OMliaMi  to  crack,  Ac,  a  beam  should  not 
deflect  at  iU  c-^nter  more  than  one  four  hundred  and  eightieth  of  its  span,  or  cme 
fortieth  of  an  iuch  per  foot.  But  one  three  hundred  and  sixtieth  of  the  span,  or  one 
thirUelh  of  an  iuch  per  foot,  is  now  generally  regarded  as  the  oUowable  maximum 
deflection.  Thus,  If  Its  span  be  16  feet,  a  beam  should  not  bend  more  than  15 
thirtieths  of  au  inch  or  }^  an  inch,  which  is  also  one  three  hundredth  and  sixtieth 
of  16  feet. 

Shafts  of  wheels  in  machinery  should  not  deflect  more  than  half  of  this,  nor  a 
bridge  more  than,  say  one  twelTe  hundredth  of  its  span,  or  .01  inch  per  foot,  undt- r 
its  heaviest  load.  _^ 

If  we  call  the  greatest  allowable  deflection  in  inches  per  foot  of  span.  «♦  0,'»* 
the  formuU  p.  508  for  lotal  center  load  (including  .026  of  the  weight  of  the 
clear  span  of  tha  beam)  becomes 

lAikji*       ThB       D  X  span  in  feet  X  depth^  in  inches  X  breadth  in  inches 

l«ad    In  nw  =  gp^^3  .^  ^^^^  ^  constant,  p  507 

_  D  X  depths  jn  inches  X  breadth  i-n  inches 
Span*  in  feet  X  constant,  p  507 

Extraneous  center  load       total  load  found      /weight  of  clear  \ 

iu  lbs  =         as  above       ~  y  span  of  beam   ^  '^^ 

For  the  total  uniformly  distributed  load 

-  ^      IK  _  1-^  X  I>  X  depth»  in  inches  X  breadth  in  inches 

load   in  lbs  -  SpanMn  feet  X  constant,  p  507 

Esi:traneous  uniformly  __  total  distributed  load weight  of  clear 

distributed  load  in  tt>s  found  as  above  span  of  beam 

To  find  the  breadth  required : 
Breadth  in  inches  _  extraneous  center  load  in  fcs  X  span*  in  ft  X  constant  p  507 
approximately      -  D  xTepth*  in  inches 

For  a  closer  approximation,  add  to  the  breadth  so  found 

.^  ^       ^  .       .625  X  weight  of  clear  span  of  beam 

said  breadth  X ^-r — r  u  r^s. 

center  load  iu  ms 

The  sum  will  still  be  a  mere  trifle  too  small. 

If  the  load  is  uniformly  distributed,  use  distributed  load  X  -625, 
instead  of  center  load,  in  tHe  first  formula  for  breadth.  For  a  closer  approxima- 
tion, add  to  the  breadth  so  found, 

jxi-    .  weight  of  clear  span  of  beam 

said  breadth  X  — —rz T— , 

uniform  load 

The  sura  will  still  be  a  mere  trifle  too  small. 
To  find  the  depth  required 


n«»n*h  '/extraneous  center  ^^  span^  in  y.  constant, 

In  If **        ^  J       lo.dln1b8         X       feet      X      pS07 
approximately         ^  D  X  breadth  in  inches 

Then  calculate  the  wt  of  the  entire  clear  span  of  a  beam  having  this  depth, 
mult  it  by  .625,  and  add  the  prod  to  the  neat  center  load.  Consider  the  sura  as 
a  new  neat  center  load;  and  using  it  instead  of  the  one  flrst  given,  go  through 
the  whole  calculation  again,  for  a  new  depth.  This  will  be  the  reqd  depth  more 
approx,  but  a  little  too  small. 

If  the  neat  load  is  uniformly  distributed,  first  mult  it  by  .625.  Use 
the  prod  as  a  center  load,  and  by  the  foregoing:  formula  find  flrst  the  approx 
depth.    Then  calculate  the  wt  of  the  entire  clear  length  of  a  beam  having  that 

•  When  1)  ==  ^  (<  <  when  the  gremteet  allowable  deflection  is  =  ^J^  ip»p)  see  Ubiet  pp  61a, 


&13. 
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depth.    Mult  this  wt  by  .625,  and* add  it  to  the  prod  used  as  a  center  load.    c;on- 
FMer  the  sum  as  a  new  center  load ;  and  using  it  instond  of  the  one  first  used, 
RO  through  the  whole  calculation  again,  for  a  new  depih.  This  will  be  the  reqd 
depth,  approx,  but  a  mere  trifle  too  small. 
To  find  the  side  required  for  a  square  beam 


Side  of  square  ^/extraneous  center  ^  span^in  v.   constant, 

beam  ininches    ^  \l        ^oad  in  fts  ^      feet      ^       p507 

approximately  ■  ^  D 

The  fourth  root  Is  —  the  square  root  of  the  square  root. 

For  a  closer  approximation,  find  the  weight  of  a  square  beam  with  the  side 
iast  found.  Multiply  it  by  .625,  and  add  tlie  product  to  the  extraneous  center 
load.  Employ  the  formula  again,  using  this  increased  load  instead  of  extrane- 
ous center  load.    The  side  thus  obtained  will  still  be  a  mere  trifle  too  small. 

To  And  the  diameter  required  for  a  solid  cylindrical 
beam. 


*  /i  7  V  extraneous  center  ^  span^in  ^    constan 
\l      ^         load  in  lbs         ^      IVet      ^       p  507 


I>laineter  /I  7  V  ^^traueo us  center  y.  span^in  ^    constant 

in  inches 
approximately 


The  fourth  root  is  —  the  square  root  of  the  square  root. 

For  a  closer  approximation,  find  the  weight  of  the  clear  span  of  a  beam  with 
the  diameter  just  found.  Multiply  said  weight  by  .625.  Ada  the  product  to  the 
original  given  center  load.  Then  repeat  the  formula,  using  the  sum  Isst  ol>- 
tained,  instead  of  extraneous  center  load.  The  resulting  diameter  will  still  lie 
1  trifle  too  small. 

The  stlflhiess  of  a  cylinder  is  to  that  of  a  square  beam,  whose  breadth 
and  depth  are  each  equal  to  the  diam  of  the  cylinder,  as  .589  to  1 ;  or  that  of  the 
square  one  is  to  that  of  the  cylinder  as  1  to  .589,  or  as  1.698  to  1 ;  in  practice  we 
may  use  .6  and  1.7.  Hence,  the  cylinder  will  bend  1.7  times  as  much  as  a  square 
one.  under  the  same  load. 

When,  in  any  of  tKe  foregoing  cases,  the  beam  Is  Inclined,  Fig  11« 
p  496,  take  the  horizontal  distance  oy  for  the  span,  instead  of  oc. 
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4rt.  S«.  Table  of  greatest  tenter  loads  of  square  beams  of 
ease  iron,  supported  at  both  ends,  and  reqd  not  to  bend 
more  tlian  :^  of  an  Ineh  per  foot  of  elear  ienytii,  or  ^ }^ 
part  of  tbe  span.    For  W.  Pine  div  by  12;  or  in  pracUce  by  18. 

Wrought  iron  will  bear  about  i  more  than  cast,  with  th« 
same  aafe  deflection.  But  .d25(or  %)  of  the  wt  of  the  beam  itself  must  be  deducted 
from  these  center  loads.  If  the  load  is  equally  distributed,  it  will  be  1.6  times  as 
great  as  these  tabular  center  loads ;  but  iu  this  case  the  wt  of  the  entire  clear  leugth 
of  the  beam  is  to  be  deducted.    These  deductions  are  rarely  reqd  in  practice. 


Greatest 

Clet 

(From  Tredgold  ) 

Centre 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

Loads,in 

■ 

Pounds. 

^ 

JS 

M 

ja 

A 

,a 

,a 

^ 

,o 

U3 

ja 

ji 

■*» 

■*» 

■t» 

•M 

7 

A 

o. 

A 

In. 

o< 

Q, 

p. 

&• 

"S. 

o< 

o< 

p< 

o< 

^ 

a 

a 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

A 

In. 

In. 

In. 

In. 

112 

1^ 

1.4 

1.7 

1.9 

2.0 

2.2 

2.4 

2.5 

2.6 

2.7 

2.9 

30 

3.1 

3.2 

224 

1.4 

1.7 

2.0 

2.2 

2.4 

2.6 

2.8 

8.0 

3.1 

3.3 

8.4 

3.6 

3.7 

3.8 

336 

1.6 

1.9 

2.2 

2.4 

2.7 

2.9 

3.1 

8.3 

3.4 

3.6 

3.8 

8.9 

4.1 

4.2 

448 

1.7 

2.0 

2.4 

2.6 

2.9 

3.1 

3.3 

3.6 

8.7 

8.9 

4.0 

4.2 

4.3 

4.6 

660 

1.8 

2.2 

2.5 

2.8 

3.0 

33 

3.5 

3.7 

3.9 

4.1 

4.3 

4.4 

4.6 

4.8 

672 

1.8 

2.2 

'2.6 

2.9 

3.2 

3.4 

3.7 

8.9 

4.1 

48 

4.6 

4.6 

4.8 

5.0 

784 

1.9 

2.3 

2.7 

3.0 

3.3 

3.6 

3.8 

4.1 

4.2 

4.4 

4.6 

4.8 

6.0 

6.2 

806 

2.0 

2.4 

2.8 

3.1 

3.4 

3.7 

39 

4J2 

4.4 

4.6 

4.8 

6.0 

6.2 

5.4 

1,008 

2.0 

2.6 

2.9 

3.2 

3.6 

3.8 

4.0 

4.3 

4.6 

4.7 

4.9 

6.1 

6.3 

6.6 

im 

2.1 

2.6 

3.0 

3.3 

36 

3.9 

4.2 

4.4 

4.7 

4.9 

6.2 

5.3 

64 

6.7 

V232 

2.1 

2.6 

3.0 

3.4 

3.7 

40 

4.3 

4.5 

4.8 

6.0 

6.3 

6.4 

6.6 

6.8 

1,3U 

2.2 

2.7 

ai 

3.5 

3.8 

4.1 

4.4 

4.7 

4.9 

6.1 

6.3 

66 

6.7 

6.9 

1^466 

2.2 

2.7 

3.1 

3.5 

3.8 

4.2 

4.4 

4.7 

4.9 

6.2 

6.4 

6.6 

6.9 

6.0 

1^663 

2.3 

2..S 

3.2 

3.6 

3.9 

4.2 

4.6 

4.8 

60 

6.3 

6.6 

6.7 

6.0 

6.1 

i;680 

ZZ 

2.8 

3.2 

3.6 

4.0 

4.3 

4.6 

4.9 

5.2 

64 

6.6 

6.8 

6.1 

6.2 

1,792 

2.4 

2.9 

3.3 

3.7 

4.0 

4.4 

4.7 

5.0 

5.2 

6.6 

6.7 

6.9 

6.2 

6.4 

1,901 

2.4 

2.9 

3.4 

3.8 

41 

4.4 

4.7 

6.0 

6.3 

6.6 

6.8 

6.0 

6.2 

65 

2,016 

2.4 

3.0 

3.4 

3.8 

4  2 

4.5 

4.8 

6.1 

6.4 

5.« 

5.9 

6.1 

6.4 

6.6 

V2S 

2.6 

30 

3.5 

3.9 

4.2 

4.6 

4.9 

6.2 

6.4 

6.7 

C.O 

6.2 

6.6 

6.7 

2,240 

2.5 

3.0 

3.5 

3.9 

4.3 

46 

4.9 

6.2 

65 

6.8 

6.0 

6.3 

6.6 

6.8 

2;800 

2.6 

3.2 

3.7 

4.1 

4.5 

4.9 

5.2 

6.6 

6.8 

6.1 

64 

6.6 

6.9 

7.2 

8,360 

2.8 

3.4 

3.9 

43 

4.7 

6.1 

6.5 

6.8 

6.1 

6.4 

6.7 

7.0 

7.2 

7.5 

3,920 

2.9 

3.5 

4.0 

4.5 

49 

6.3 

6.7 

6.0 

63 

(?.7 

6.9 

7.2 

7.6 

7.7 

M80 

2.9 

3.5 

4.1 

4.7 

6.1 

6.5 

69 

6.2 

6.5 

6.8 

7.2 

7.6 

7.7 

8.0 

^600 

3.1 

3.8 

4.4 

4.9 

5.4 

6.8 

6.2 

»6.6 

6.9 

7.3 

7.6 

7.9 

8.2 

8.5 

6,720 

3.3 

4.0 

4.6 

6.1 

6.7 

6.1 

6.5 

6.9 

7.3 

7.6 

7.9 

8.3 

8.6 

8.9 

7,m 

3.4 

41 

4.8 

5.3 

6.8 

6.3 

6.7 

7.1 

7.6 

7.9 

82 

8.6 

8.9 

92 

8,960 

3.6 

4.3 

4.9 

6.5 

6.0 

6.5 

7.0 

7.4 

7.8 

8.2 

86 

8.9 

92 

9.6 

10,060 



4.4 

6.1 

6.7 

62 

6.7 

7.2 

7.6 

8.0 

8.4 

8.8 

9.1 

96 

9.8 

11,200 



4.5 

5.2 

6.8 

6.4 

69 

7.4 

7.8 

8.2 

8.6 

9.(1 

9.4 

97 

10.1 

13,440 





5.5 

6.1 

6.7 

7.2 

7.7 

8.2 

8.6 

9.0 

9.4 

98 

10  2 

10.5 

1^660 



^7 

6.3 

69 

7.6 

8.0 

8.5 

8.9 

9.4 

9.8 

10.2 

10  6 

11.0 

17,920 



5.9 

6.6 

7.2 

7.8 

8.3 

8.8 

9.3 

9.7 

10.1 

10.6 

10.9 

11.3 

2»,t«fr 

6.0 

6.8 

7.4 

8.0 

8.5 

9.0 

9.6 

10.0 

10.4 

10.9 

11.3 

11.7 

22,400 
24,640 

....... 

6.9 
71 

76 

7.8 

8.2 
8.4 

8.8 
9.0 

9.3 
9.5 

9.8 
10.0 

10.8 
10.6 

10.7 
11.0 

11.2 
11.6 

11.6 
11.9 

12.0 

....".' 



12.3 

^880 



7.2 

7.9 

86 

9.2 

9.7 

10.2 

10.8 

11.2 

11.7 

12.1 

12.6 

29m 

7.4 

8.1 

8.8 

9.4 

9.9 

10.4 

11.0 

11.6 

11.9 

12.4 

12.8 

3^360 

7JS 

8.3 

8.9 

9.5 

XO.l 

10.6 

ll.l 

11.7 

12.1 

126 

13.0 

8?So 

......a 

.•*.  . 

7.7 

8.4 

9.1 

9.7 

10.3 

10.8 

11.4 

11.9 

12.3 

12.8 

182 

36^ 

7.8 

8.0 

9.2 

9.8 

10.4 

11.0 

11.6 

12.0 

126 

13.0 

18.6 

40^320 

7.9 
8.0 

87 
8.8 

9.4 
9.5 

100 
10.1 

10.6 
10.8 

11.2 
11.3 

11.7 
119 

12.2 
12.4 

12.7 
12.9 

13.2 
13.4 

13.7 

"...'. 

...... 

139 

42,560 



.••••.. 



8.1 

8.9 

9.6 

10.3 

10.9 

11.5 

12  2 

12« 

13.1 

13.6 

141 

4M00 



9.0 

9.7 

10.4 

11.0 

11.6 

12.5 

12.7 

13.2 

13.8 

14.2 

49,2S0 
63,760 
58,240 

9.2 
9.4 
9.6 

10.0 
10.2 
10.4 

10.7 
10.9 
11.1 

113 
11.5 
11.8 

11.9 
12.2 
12.4 

12.8 
13.0 
13.3 

i:i.0 
13.4 
13.6 

13  6 
13  9 
14.2 

14.1 
14.4 
14.7 

14.6 

14.9 

.*.*.*.".* 

','",'.'. 

16.2 

e2,72i» 

98 

10.6 

11.4 

12.0 

12.7 

13.6 

13.9 

14  4 

16.0 

16.6 
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A  single  benin  of  wood  nnd^i*  eacli  nOl,  and  firmly  braced  acaiqvt 
lateral  motion,  will  suffice  for  light  railroad  bridges  of  very  small  span.  If  single 
beams  of  sufficient  deptii  cannot  be  procured,  bwUbeanu  may  be  used  ;  see  ^,  and  ij. 
Figs  6i,  p  613.  Assuming  the  weight  of  entire  bridge  and  load  at  two  tons  per  foot, 
the  following  dimensions  may  be  used: 


Span  in  Pk 

Site  of  Bmid. 

Span  in  Ft 

Size  of  Beam. 

5 
10 

8  X  10  fn». 

9Xli  " 
10  X  14  " 
11X18   " 

15 
17H 
20 
T2H 

12X18 

isxao 

14X  23 
18  X»* 

The  greatest  dimension  to  be  the  depth.    The  ends  should  be  well  bolted  down  to 


bolsters.  These  are  long  stont  sticks  of  timber,  from  10  to  15  ins  sqnare,  (accord 
ing  to  the  span,)  laid  across  the  abuts  at  the  bridge-seat,  for  the  chords  to  rest  on. 
Frequently  two  are  used  at  each  abuL  even  in  small  spans ;  aud  we 
Iiaye  seen  but  one,  under  railroad  spans  of  160  feet.  Large  spans  may  require  three 
or  more.  They  are  not  necessarily  placed  in  contact  with  each  other ;  but  may  be 
some  feet  apart,  if  required. 

Or  for  spans  of  about  15  to  80  ft,  we  may  use  somewhat  lighter  beams ;  and  truss 
each  of  them  as  in  Fig  52,  by  an  iron  l»ar  «  «  « ;  and  a  center  post  p.  In  this  cajse  the 
following  dimensions  will  answer ;  the  total  deflection  of  the  rod  being  J/^  of  the 
clear  span.  The  screw  ends  of  the  ban  are  supposed  to  be  upset ;  but  the  areas  are 
given  for  the  body  of  Uie  rods. 

For  each  beam. 


r^- 

Beam. 
Int. 

Section  of  Rod. 
Sqins. 

SecUon  of  Po^ 
Sqln.. 

15 
2f 

12X15 

13  xn 

14  X  18 

15  X» 

I 

25 
83 
43 
50 

It  is  better  to  have  two  rods  instead  of  one  under  each  beam ;  each  rod  being  of  half 
the  section  here  given ;  and  the  two  placed  several  ins  apart.  This  aflfords  a  better 
footing  for  the  post.  The  ends  of  the  beam  should  be  at  right  angles  to  the  direction 
of  tike  rod ;  and  be  provided  with  ample  washers  « <%  of  wood  or  iron,  for  distributing 
the  pressure  from  the  rod,  over  the  whole  area  of  the  ends.  The  ends  of  these  wash- 
ers may  extend  a  few  ins  each  way  beyond  the  sides  of  the  beam,  as  shown  on  a  larger 
scale  at  g.  This  allows  the  rods  to  be  outside  of  the  beam ;  inslead  of  requiring  holes 
to  be  bored  in  the  latter,  for  passing  the  rods  through  them.  They  may  be  nearer 
together  at  the  foot  of  the  post. 

The  bead  of  the  poet  ma;  be  tenoned  into  the  bottom  of  the  beam ;  and  be  farther  nnited  to  it  bj 
Iron  straps.  To  prevent  the  foot  from  being  worn  by  the  rods,  it  shonld  \)e  shod  with  iron.  A  east- 
Iron  shoe,  as  at  «,  may  be  bolted  to  it;  having  ribs  for  Iceeping  the  bars  in  place.  Or  a  stoat  wrought- 
Iron  shoe  may  be  well  secured  to  it.  In  either  case  the  rod  at  s  should  be  so  nnited  to  the  shoe  as  to 
oheck  any  tendency  in  the  foot  to  slide  toward  r  or  r,  under  the  vibration  of  passing  loads.  Perhaps 
thin  can  be  most  conveniently  done  by  making  each  rod  «  s  «,  in  two  separate  lengths,  r,  r;  and  by 


aniting  their  lower  ends  to  the  shoe  at  «  by  books  and  eyes  i^or  by  eyes  and  bolts.  Ao.  Varioas 
methods  are  in  use  for  the  heads  and  feet  of  the  posu  of  large  snaus :  but  we  cannot  here  treat  upon 
details  which  pertain  more  to  the  professional  bridge-builder. 


This  mode  of  trussing  is  also  well  adapted  to  long  floor  beams ;  and  has  been  need  in  long  oblfqne 
web  members ;  as  well  as  in  long  stretches  of  ch<n^  fTom  one  point  of  support  to  aaotber. 
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C^ntlnnons  b«i»nis.  When  a  single  beam,  as  a  6,  Fij?  40,  is  supported  not 
only  at  its  two  ends,  but  at  one  or  more  intermediate  points,  it  is  said  to  be  con- 
tinuous.   It  is  stronger  than  if  it  were  cut  in£b  two  parts,  ac,bc,  each  supported 

at  both  ends;  because  the  tensile 
strength  of  the  particles  at  o  (lower 
Fig)  assists  in  counteracting  the  bendg 
or  brealcg  tendency  of  loads  on  the  in- 
termediate parts  ojn^ouy  of  the  lower 
Fig.  These  particles  at  o  must  be  torn 
asunder  before  the  beam  (if  properly 
proportioned)  can  fail.  Such  a  beam, 
mn,  if  very  long  and  flexible,*  will^ 
under  its  own  wt,  assume  the  shape  of 
the  reversed  curve  mtogn;  or  if  it  be 
stiff,  and  heavily  loaded,  the  same 
effect  will  follow.  The  points  s  g,  at  which  the  curves  reverse,  are  called  tlie 
points  of  eontrary  flexure;  and  the  spans  are  virtually  reduced  from  mo 
and  no,  to  ms  and  n«.  When  the  beam  is  supported  at  only  3  points,  as  in  the  Fig, 
and  uniformly  loouied^  tiie  point  of  contrary  flexure  is  dint  from  the  central  support 
1^  of  the  span ;  so  that  each  span,  om^on^  becomes  virtually  reduced  about  ^  part ; 
and  the  defs  will  be  but  about  i%  as  great  as  if  there  were  two  separate  beams.  The 
sections  of  the  beam  at  i  and  <  will  then  experience  no  hor  strain  ;  but  merely  the 
vert  one  arising  from  half  the  wt  between  m  and  «,  and  n  and  <.  The  position 
of  the  point  of  contrary  flexnre  varies  with  the  number  of  interme- 
diate supports,  and  with  the  manner  of  loading;  and  in  bridges,  Ac,  where  the  load 
moves  along  the  beam,  it  changes  its  place  during  the  transit,  so  as  to  bring  the  points 
<  s  considerably  nearer  to  the  central  support  o ;  thus  reducing  materially  the  ad- 
vantage commonly  supposed  to  arise  from  connecting  together  the  ends  of  adjacent 
bridge-trusses ;  if  indeed  there  is  any  advantage  in  so  doing,  which  is  doubtful.  The 
principle,  however,  becomes  very  useful  in  the  case  of  long  rafters  or  girders,  stretch- 
ing over  several  points  of  support,  especially  when  uniformly  loaded.  Each  interval, 
except  the  two  end  ones,  will  have  two  points  of  contrary  flexure;  and  will  then  have 
nearly  twice  as  much  strength,  under  an  equally  distributed  load,  as  a  single  beam 
no  longer  than  sidd  interval. 
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Art.  38. 


Strenirtli 
Beams. 


of  hollow 


Figr.13. 


Figr.13. 


During  the  preliminary  iuTestigations 
relative  to  the  construction  of  the  Menai  i 
tubular  bridge,  a  few  experiments  were  I 
made  on  the  strength  of  hollow  cast-iron 
beams  of  circular,  oval,  square,  and  rectan- 
gular crossHsections,  supported  at  both 
ends,  and  loaded  at  the  center.  The  clear 
span  between  the  supports  was  in  every 
'case  6  ft ,  the  thickness  of  metal  in  each 
beam,  %  inch ;  area  of  jolid  cross-section 
of  each,  4.12  sq  ins.  The  mean  depth  o  o.  Fig  12,  of  the*  circular  tube,  2>y^  ins ;  of 
the  square  one.  Fig  13,  2% ;  of  the  oval,  4% ;  breadth,  2% ;  and  of  tlie  rectangidar 
one,  mean  depth,  S%\  breadth,  1.833  ins.  From  these  experiments  Mr.  Edwin  Clark, 
assistant  engineer  in  charge,  deduced  the  following  constants,  and  rules  for  center 
breakg  loads : 

Coust.  for  clre  tubes,  .95  ;  oval,  1 ;  square,  1.14 ;  rectangle,  .91.  Then,  fbnt 
finding  the  area  of  the  solid  part  of  the  cross-section  in  sq  ins, 

Area  of  solid  ^  Mean  depth,  oo,  ^  C!orresponding 
Center  breafcliir  ^      in  sq  ins      ^           in  ins            ^       constant. 
load  in  tons  Clear  npan  in  feet. 

Ex.  Circular  beam,  mean  depth  o  o,  3i<^  ins ;  area  of  solid  ring,  4.12  sq  ins ;  clear 
span,  6  ft.    Here, 

Area.   Mean  depth.  Const. 

^'^^    X     ^^ >< ^i_=  2.28  tons,  or  6107  lb«,  breakg  load. 

6  (length.) 

ThetttUS^QOBB  of  the  cylinder  or  tube  is  about  JL  of  the  diam ;  and  as  a  mean 
of  3  trials,  itBTw^Jce  with  a  center  load  of  2.287  tons,  or  6122  lbs;  span  6  ft.  Hencs 
we  derive  for  simila^Kl^bes,  the  constant  530,  to  be  used  in  the  rule.  Art  12 ;  that  is,  cen- 
ter  breakg  load  in  lbs,  oTV^rcnlar  cast-iron  tubes  with  a  thickness  of  one-tenth  of  the 

Cube  of  outer  dD^m  (in  ins)X  530  I 

outer  diam  = Clear  span  iih  feet   '  *™PP08i*»8  Mr.  Clark's  iron  to  have  been 

of  average  quality.  ) 

The  average  breakg  load  of  3  squaire  beams  was  2.152  tons,  or  4820  lbs ;  of  the  rec 
tangular  ones,  2.3  tons,  or  5152  lbs ;  aird^of  the  6  elliptic  ones,  3.207  tons,or  7183  lbs. 
To  all  the  foregoing  extraneous  loads  must  be  added  h«lf  the  Mt  of  the  beam  itself. 
See  Art  9. 

Our  rule  of  thumb,  p  405,  and  rule,  ^488,  give  breakg  loads  about  one- third  i 
greater  than  Mr.  Clark's  results,  except  for  the  oval  beam,  where  they  agree  closely. 
The  discrepancy  is  probably  due  to  differance  of  tquality  of  material. 

Hollow  beams  of  thin  wrouirht  li«on  were  experimented  on  at  the 
same  time ;  and  for  those  Mr.  Clark  deduced  the  following  constants,  to  be  used  with 
bis  foregt>ing  rule  for  cast-iron  ones :  f 

Constants  for  thin  riveted  tubes,  circular,  1.74 ;  oval,  1.85 ;  rectangular,  1.P6. 
"  "        welded  tubes,         "         1.09;      «     1.27;  •♦  1.61. 

Art.  S4.  The  following  experiments  on  rIveUid  sheet-iron  eylindri- 
cal  beams  are  by  Fairbaim.  1st.  Cylinder  18  tt  long;  I  ft  outer  diam;  dear' 
span  17  ft ;  thickness  of  iron  .OiJ7,  or  ^  of  an  inch ;  i^  of  tube  107  lbs. 

\  i 
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GeolM'  load. 


1360 

1920 



....  4« 
...  .41 

2114 

.,  .46 

2256 

....60 

2480. 


.  .60 
.  .61 
.  .61 
.  .65 


After  bearing  2704  lbs.  for  1}^  miDiites,  failed  by  crushing  at  top. 
2d.  Cyl  16  ft  10  ins  long ;  12.4  ins  outer  diam;  clear  span  15  ft  ^}^  ins ;  thickness  of 
iron  .li;i,  or  full  1  inch ;  wt  of  tube  382  lbs. 

Center  load.  Def. 


2000 

17 

4000 

34 

6000  

.52 

Center  load.  Def. 

Lbs.  Ini. 

8000 84 

10000 1.06 

11440 Broke. 


With  11440  broke  by  the  tearing  of  the  bottom  across  the  shackle-hole  from  which 
the  load  was  suspended. 

Sd.  Cyl  25  ft  long;  17.68  ins  outer  diam;  clear  span  23  ft  5  ins;  thickness  .0631,  or 
foil  ^^  inch;  weight  of  tube  346  lbs. 

Center  load.  Def.  Center  load.  Def. 


1000 

12 

2000 

21 

3000 

4000... 

.30 

40 

Lte. 

6000 

Ins. 
48 

5280 

61 

5840 

60 

6120 

71 

With  6400  broke  at  bottom ;  26  ins  from  center,  by  tearing  through  the  riyet-holes. 
4f  b.  Cyl  26  ft  long;  18.18  ins  outer  diam ;  clear  span  23  ft  5  ins;  thickness  .119,  or 
■cant  3^  inch ;  wt  of  tube  777  lbs. 

Center  load.  Def.  Center  load.  Def. 

Lbs.  Ins. 

10000 82 

12000 95 

13000 1.04 

14240 .Broke. 


Lbs. 

2000 

4000 „. 

6000 

Ins. 

15 

30 

AR 

8000 69 

Broke  through  the  rivet-holes  3  ft  3  ins  from  center,  after  sustaining  the  load  fox 
half  a  min. 

The  tubes  were  composed  of  sheets  about  2^  ft  wide ;  and  so 
long  that  a  single  sheet  sufficed  to  form  the  entire  circumf  of  the 
tube.  They  were  united  by  double-riveted  lap-joints.  The  loads 
were  placed  on  a  platform,  supported  by  a  rod  r,  Fig  14,  which 
passed  through  a  hole  h  in  the  bottom  of  the  tube  s.  Tnis  rod  was 
attached  at  its  upper  end  to  a  block  of  wood  w,  rounded  at  its 
ssf  lower  surface,  so  as  to  fit  the  tube. 

Circular  blocks  of  wood  were  fitted  into  the  ends  of  the  tubes,  to 
prevent  them  from  crushing  at  those  parts  under  their  loads ;  and 
the  ends  rested  upon  blocks  hollowed  out  to  correspond  with  their 
cylindrical  shape,  to  a  depth  equal  to  about  %  part  of  their  diam. 
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Art.  S5.  JSodirlKinflioii'S  benms  hare  nearly  1%  times  the  strength  of  a 
beam  of  equal  wt  whose  top  and  bottom  flanges 
are  equal.  Mr.  Hodgkinson,  haying  found  tluit  on 
an  average,  cast  iron  read  about  G}/^  times  as  much 
force  to  crush  it  as  it  did  to  pull  it  apart,  contrived 
the  beam  (of  which  Fig  15  is  a  cross-sectiou  at  the 
center)  in  which  the  upper  or  compressed  rib  oi 
flange,  u,  has  but  %  of  the  area  of  the  lower  or 
extended  one,  6.*  The  top  flange  he  therefore  as- 
sumed to  be  safe ;  inasmuch  as  its  area  is  some- 
what greater  than  the  proportion  of  I  to  6^;  and 
hence,  breaking  will  take  place  from  the  yielding 
of  the  bottom  flange  by  extension.  As  the  result 
of  his  experiment^  he  gives  the  following  rule, 
when  the  load  is  applied  at  top,  or  equally  on  botii 
sides  of  the  beam.     See  Rem,  next  page. 


Center 

Breakir  Imul 

in  tons 


Area  of  hot  flange  v.  depth  oo  ^  (Constant 
in  sq  ins  ^     in  ins     ^ 


2.166 


Clear  length  in  feet. 

When  the  lower  flange  is  as  much  as  about  2^  inches  thick,  experiments  show 
that  part  of  the  breakg  load  thus  obtained  should  be  deducted ;  because  thick  castings 
are  proportionally  weaker  than  thin  ones.  Half  the  wt  of  the  beam  itself  must  be 
deducted,  for  the  neat  breakg  load ;  this,  however,  is  necessary  only  when  the  beams 
are  very  lonj? ;  for  such  as  are  used  for  ordinary  building  purposes,  it  may  be  ne- 
glected.  If  the  load  is  equally  distributed,  it  will  be  twice  as  great;  but  the  entire 
wt  of  the  beam  must  then  be  deducted. 

Ex.  The  upper  rib  «  =  3  ins  X  1  inch  =  3  sq  ins  area;  bottom  rib  6  =  1}4  ins 
X  12  ins  =  18  sq  ins  area;  total  depth  oo,  15  ins ;  clear  span,  20  ft.    Here, 

^^  ^  ^20^  ^^^^  =  ^^  ^  ^^'^^  *®"*'  ***®  *"®^**  ^*^  including  »^  the  beam. 
Br ow  to  find  tbe  wt  of  half  tbe  beam,  we  may  proceed  thus :  Malt 
the  entire  area  of  its  cross  section  in  sq  ins,  by  the  clear  span  in  ins.  This  gives  us 
the  cub  ins  of  iron  contained  in  the  beam;  and  these  div  by  8600,  give  the  wt  of  the 
beam  in  tons ;  because  8600  cub  ins  of  cast  iron  weigh  about  1  ton ;  or  near  4  cubic 
ins  1  fb.  Thus,  if  the  vert  rib  contains  12  sq  ins,  then  since  the  two  flanges  con- 
tain 21,  the  entire  section  is  33  sq  ins;  and  the  span  being  240  ins,  we  hare  33  X 240 

79^} 
=  7920  cub  ins  of  iron.    And  rr— r  =  .92  of  a  ton,  the  wt  of  the  beam.    One-half 

ooOO 
of  this,  or  .46  ton,  taken  from  the  breakg  load  29.241  tons,  leaves  28.78  tons  as  the  neat 
breakg  load ;  showing  that  in  such  cases  as  this  it  Is  scarcely  worth  while  in  practice 
to  make  the  deduction.  These  beams  are  not  always  made  of  the  same  section 
throughout,  (see  Fig  16,)  but  diminish  toward  the  ends;  this  method  is  therefore  not 
always  strictly  correct,  but  no  great  accuracy  is  needed  in  such  cases. 

To  find  the  slse  of  a  Hodgrklnson  beam,  reqd  to  break  under 
a  §rlven  center  load,  havinic  the  depth.  Mult  the  given  load  in  tons 
by  the  clear  span  in  feet.  Mult  the  constant  2.166  by  the  total  depth,  o  o,  in  ins. 
Div  the  flrst  prod  by  the  last;  the  quot  will  be  the  area  of  the  bottom  rib  in  sq  ins. 
This,  div  by  6,  will  be  the  area  of  the  top  rib.  The  bottom  rib  is  usually  made  from 
6  to  8  times  as  wide  as  it  is  thick ;  and  the  top  one  from  3  to  6  times.  The  thicknetM 
of  the  stem  is  usually  a  little  greater  at  bottom  than  at  top ;  the  average  thickness 
being  from  ^  to  i}^  of  the  depth  of  the  beam.  See  Rem.  next  page. 
To  save  Iron,  the  width  of  the  bottom  flange,  and  of  the  top  one  also  if  thought 

proper,  may  be  reduced  by  curves 
to  about  ^  as  great  at  each  end 
of  the  b^m  as  at  its  center ;  as 
shown  by  the  middle  sketch  of 
Fig  16,  of  which  the  upper  sketch 
is  a  side  view.  Or,  leaving  the 
dimensions  of  those  flanges  un- 
altered, the  d^th  of  the  vertical 
rib  may  be  reduced  toward  the 
ends,  as  shown  by  the  lowest 
sketch.  The  theoretical  curve  is 
,       ,       ,    ^  here  an  ellipse.  When  the  width 

is  reduced,  the  very  ends  may,  for  stability,  be  widened  out,  as  at  e,  which  is  a  top  view. 
The  vert  rib  is  urenerally  strenipthened  by  easting  brackets 
♦  In  practice  14  is  much  better  and  safer  than  yL 
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OD  each  side  of  it,  as  in  the  upper  sketch.  These  should  not  extend  entirely  to  tne 
upper  rib,  as  they  then  expose  the  heam  to  crack  as  it  cools.  To  prevent  this  tend- 
eucy,  they  may  be  attached  alternately  to  the  top  and  bottom  ribs.  The  upj^er  ones, 
howerer,  are  rarely  needed. 

In  designing  these  beams,  as  well  tta  in  all  other  castings,  it  is  important  to  aroid 
sudden  transitions  from  thin  to  thick  parts ;  and  to  keep  all  parts  as  nearly  as  possi- 
ble of  the  same  thickness.  Otherwise  the  castings  are  apt  to  warp  and  crack  in 
cooling.  Also,  bear  in  mind  that  the  resistance  or  strength  per  sq  inch  is  oonHdera' 
blif  less  in  thick  castings  than  in  thin  ones. 

Rem.  The  above  rule  for  breakg  loads  is  safe  when  the  load  is  equally  disposed 
on  top,  or  on  each  side  of  the  vert  web ;  and  when  said  web  and  the  flangee  are  pro- 
portioned to  each  other  about  the  same  as  those  used  in  Mr.  HodgkinHon's  experi- 
ments. But  subsequent  investigators  have  found  his  beams  to  break  with  but  little 
more  than  half  the  loads  given  by  the  rule,  when  applied  to  only  one  side,  as  6  o,  or 
tto,  Fig  15,  cf  the  top  or  bottom  flange.  W.  U.  Barlow,  C.  E.,  London,  experimenting 
since  Uodgkinsou,  finds  that  when  a  cast-iron  beam  is  liable  to  be  loaded  on  only  one 
side  of  the  flange,  the  top  flangie  should  have  an  area  equal  to  3^  that  of  the  entire 
cross-section  of  the  beam ;  and  for  beams  so  proportioned,  he  gives  the  following: 

enter  /Area  hot  lUngeX  .  /n»lf  area  of \  ^(?^S^^rt!c!i^^t\x^'"**''* 

in  tons  Clear  span  in  £eet. 

Other  experimenters  recommend  that  even  tor  loads  pressing  vertically  through  the 
upright  rib,  the  lower  flange  should  have  but  about  3  instead  of  6  times  the  area  of 
the  upper  one.   €a^  beaois  sboalcl  Alwajm  be  tesied. 

The  average  ultimate  resistance  of  steel  to  compression  being  about  twice  that  to 
extension,  a  Hodgkinson  beam  of  that  metal  should  have  its  lower  flange  of  twice 
the  area  of  its  upper  one.    Macli  uncertainty  exists  in  the  whole  mattpr. 

Art.  36.  For  tlie  purpose  of  ready  reference,  we  give  a  few  ex. 
periraental  results  with  cast-iron  beams  of  various  shapes :  being  the  actual  center 
oreakg  loads  in  tons  of  sound  beams.  Some  beams  of  Sterling's  toughened  cast 
iron  gave  results  full  \^  higher  than  those  of  common  iron. 

Actual  center  break«  loads  In  tons,  of  cast-iron  beams.  Clear 
I  in  feet.    Breadths  and  depths  in  inches. 


1.6X.5 


t^     Span  i}4  ft- 

load  2  tons. 


M-       The  above  inverted. 
I  b      Br  load  2.3  to  2.9  tons. 


Span  4^  ft. 
Br  load  a25  ton. 


MxX 


.32 


2.27X.5" 


The  above  inverted. 
Br.  load  .4  ton. 


^      Span  4}^  ft. 

r3.7  tons 
Br  load-^      to 
(    4.2. 


n^^i 


^^     SpanllKftt 
^  ^     Br  load  5»  tons 


Span  18  ft. 

Br  load  22  to  28  tona 


00    Span27Uft4 
1^  *"    Br  load  291^  tons. 


•  A»  •bown  by  dd.  Pig  15. 

t  "After  bearing  17  tom.  the  beam  wa*  nnloaded,  and  Its  elasticity  appeared  to  be  but  little  If  at  aU 
fadorad."    Def  under  4H  ton«.  16  Inch ;  8^  ton*.  .8  Inch ;  17  tons,  1.1  Inches.  .^  ,     u 

I  About  two  hnndred  of  these  beams  were  tested  by  center  loads  of  12  tons.    Dut  %  to  H  >»«>• 
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Span  15  ft. 

Br  load  12>^  tons. 


Span  41^  ft. 
Br  load  o  tons. 


Span  4^  ft. 
Br    load   10.5 
11.6  tuns. 


|w      Span  19  ft. 
^        Br  load  50  to  54  tons 

By  formula,  p  488, 
it  should  have  been 
but  40  tons. 


Span  SG^  ft.    ^ 
Br  load  68  tona.* 


In  deecribing  such  beams,  it  is  better  to  give  the  entire  depth  of  the  hfom ;  fox 
when  the  depth  of  the  weh  is  given,  doubts  arise  whether  it  is  meant  to  include  the 
Ihioknesses  of  the  two  flanges,  or  not.  Every  writer,  almost,  that  we  have  seen, 
leaves  us  in  this  doubt. 

Rem..  In  be»fn»  either  larsrer  or  sniHller  than  ^ese,  but  whose 
cross-sections  are  proportioned  exactly  as  these  are,  and  whose  spans  are  the  same 
that  these  have,  the  center  breakg  loads  will  be  as  the  cubes  of  their  cross-section 
lines.    Thus,  in  a  beam  which  is    1      ,  J^  ,  ^  ,  2,  3,  or  10  times  as  large  erery 

way,  except  in  span,  — z 

the  breakg  load  will  be  TIT&TT '  T7  '  ^  .  8,27,  or  1000  times  aa  great. 

If  the  spaiXM  also  dlflTer,  first  find  the  load  as  above,  as  if  they  were  fte 
same ;  then  say,  as  the  new  span,  is  to  the  span  given  in  our  Figs,  so  is  the  breaKg 
load  thus  found,  to  the  actual  breakg  load  for  the  new  beaa.  Thus,  wjppoflB  w»  wmd 
to  make  a  cast-iron  beam,  4  times  as  large  every  way  as  the  dimensiona  given  u^toe 
first  of  these  Figs ;  except  its  span,  which  is  to  be,  say  10  ft,  instead  of  4U  ft.  Here 
the  first  breakg  load  is  found  tobeiX*X4  =  64  times  as  great;  or  2  tuns  X  w 
«  128  tons.    Next, 

New  Span.       Span  in  Fig.  First  load.  Actual  load. 

10         :         4.6         : :         128         :         57.6  tons. 

In  such  cases  we  inust,  however,  have  regard  to  Rem  1,  Art  11,  p  404.  The  foi^j 
going  process  applies  equally  to  beams  of  any  other  shapes,  such  as  the  followim 
ones;  or  whether  solid  or  hollow,  Ac;  and  of  any  other  materiiila;  so  that  U  we 
have  all  the  dimensions,  and  the  breakg  load  of  any  bejim  whatever,  we  may  nna 
that  for  another  one  of  the  same  material,  and  of  tlie  same  proportions  of  crosB-sec- 
tion.  It  may  become  advisable  In  important  cases,  to  even  make  one  or  moreinoaei 
beams  of  some  hitherto  untried  form ;  and  to  break  them  in  order  to  find  the  oreaKg 
weight  of  the  actual  beam  of  the  same  material.  In  doing  this,  the  defs  shouW  juw 
be  ineasd,  in  order  to  see  whether  those  of  the  actual  beam  may  not  be  too  great.  J>ee 
Art  26.  &c.  .      ■ 


•  This  iron  was 
Each  of  the  89  beams 
Inch.    Eulire  length,  34>i  fU 


Sterling's  toaghened.  •  having  about  16  per  cent  of  wrought  »eraP  "f'^J  ["  'J 
18  wan  tested  by  a  center  load  of  20  tons,  which  prodnced  delii  of  from  H  »<>  ^ 
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Fig  19. 


Fis  20. 


Art.  37. 

are  made  by  • 

A.  A  P.  Roberts  A  Co.,  Pencoyd  Iron  Works,  office,  261  S.  4th  St„  Phnadriptiia. 

irS.®'^  i^if^^i,®^^!  *  iK^i'^r  Jr®"*«°'  N.  J.  (represented  by Morrte,  Wheeler  &  Co., 
loth  and  Market  8t«.,  Philadelphia ) 

Carnegie  Bros.  A  Co.,  Limited,  Union  Iron  MiH»,  Pittabureh,  Pa 

Phoenix  Iron  Co.,  Phoenixville,  Pa.,  office,  410  Waluut  St.,  Philadelphia. 

f  ttfisaic  RolUng  Mill  Co.,  Paterson,  N.  J.,  office  Astor  House,  New  York  Citv 

Pottsville  Iron  &  Steel  Co.,  Potts ville,  Pa. ;  and  others 

•^?''***»/***^^P****  ^^^  ^-^  *®"'*'  P®*"  *•  cut  to  specified  lengths  not  exceeding 
30  feet.  For  extra  lengths,  punching,  framing,  etc.,  address  as  above.  Soecial  di^ 
Counts  on  large  orders.  ^^ 

Our  tables,  pp.  523,  etc.,  rfTe  the^piimeipsa  «txes  (including  the  largest  and 
smallest)  made  in  America.  We  give  the  maximum  and  minimum  thicknesses 
of  web  for  each  pntfern.  Any  desired  thickness  between  these  extremes  can  be 
torni^hed  Thewwitt  of  flange  increases  equally  with  the  thickness  of  web-  but 
thethicktteM  of  flange,  at  root  and  at  base,  for  any  given  pattern,  are  the  same  for 

All  IiIICRuOodOS  01  WODe 


per  yd. 
Co,  263  & 


1»  Bemiim«  I  beams  Kte  relied  as  large  as  21.5  ins  deep ;  834  fbs 

7if^^}^U:^J  Jackson  &  Co.,  208  Franklin  St,  New  York:  Esherick  &  ( 

4th  St,  Philadelphia.  ' 

In  any  bar,  beam  etc,  of  wrought  iron,  of  uniform  cross  section, 

Wei§rlit  per  lineal  _  area  of  cross  section,  ^  ,« 

yarO^lu  fKMuwia  .    —     in  square  inches     ^  ^" 

A««aof  erossaeetioii,       weight  of  beam  ppr  Kneal  vard,  in  pounds 
lu  square  inches  = ^ — t- * 


Strengrth.  Beams  of  good  wrought  iron  do  not  break  under  a  graduallv  ap- 
plied load  until  after  they  have  beni  so  much  as  to  be  useless.  Tlie  ultimate 
load  is  that  one  which  so  cripples  the  beam  that  it  continues  to  yield  indefi- 
nitely without  increase  of  load.  The  web  is  supposed  to  be  placed  vert,  as  in 
our  figs;  and  the  beam  supported  at  both  ends,  and  stayed  against  yielding 
sideways;  the  dist  apart  of  the  side  supports  not  exceeding  20  times  the  width 
of  the  flange.    Then 


Cevter  nltimate  load 

in  fits,  including  half  wt  of  =» 
clear  spaji  of  beam 


Tabular  coefficient  for  cen  ult 
load*  for  the  given  size 


clear  span  in  ft 
Kxtr&ae^iiB  cen  ult  load  =»  cen  nit  load  so  found 


half  wt  of  clear 

span  of  beam 

Bistrllbated  ultimate  load  =:  twice  cen  ult  load 

m^A.  «-v^  ^-.  ^a  «^  1      ^         ^^^  cen  or  distd  load 
safe  cen  or  distd  load  t= -. — — :— ;   ...ip. 

required  factor  of  safety 

TJ»e  feetor  of  safety  should  in  no  case  be  less  than  3.  When  the  lo*d  is 
subject  to  variation  (see  p  435)  or  vibration,  or  is  liable  to  be  suddenlv  applied, 
use  from  4  to  6.  The  factor  should  be  further  increased  when  the  length  of  beam 

•The  coefficients  are  the  center  ultimate  loads  in  pounds  (including  half  the 
weight  of  the  clear  span  of  the  beam)  foi-  beams  of  one  foot  dear  ffpan,  taking  42,00U 
lbs.  p  r  square  inch  as  the  modulus  of  rupture  (p.  485.) 
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t>etween  lateral  supports  exceeds  20  times  the  width  of  flange;  until,  when  it 
reaches  70  times  said  width,  the  factor  should  be  double  that  for  a  length  =  20 
X  width. 

Caution.  With  very  short  spans,  the  safe  loads  thus  found,  although  safe 
BR  regards  a  rupture  of  tlie  beam  itsflf,  may  be  so  great  as  to  endanger  a  crush- 
ing of  the  ends  of  the  beam,  or  of  the  wall'etc  under  them,  unless  the  beam  has 
at  its  ends  a  greater  length  of  bearing  than  would  otherwise  be  needed.  See 
pp  436  to  438. 

To  find  wliat  beam  Is  reqaired  to  sustain  safely  a  given  extraneous 
luad  in  lbs,  whether  uniformly  distrioated  or  applied  at  the  center.  If  uniformly 
distributed^ divide  it  by  2.  The  quot  is  the  equivalent  center  load.  Then,  in  either 
case,  add  half  the  wt  of  the  clear  span  of  the  beam  itself.  Mult  together  the  sum, 
the  required  factor  of  safety,  and  the  clear  span  of  the  beam  in  ft.  Use  any  desired 
beam  whose  coeflicient  for  ult  cen  load  is  not  less  than  the  prod. 

For  the  defleetloii  in  ins  at  the  center  of  the  length  of  the  beam,  under  any 
load  less  than  half  the  ultimate  load : 


I>efl<M;tioii 

in  ins 


Load  in  lbs  X  Cube  of  clear  span  in  ft 
■■  Wt  of  beam,  y.  Square  of  depth  D  ^     Constant, 
•  yd  ^     of  beam,  in  ins     ^  given  below. 


in  lbs  per 

Constants  for  the  above  formnla: 
For  I  beam,  loaded  at  center 11200 

"      "  nniformly  loaded 18000 

See  also  formulae,  p.  506  a. 

The  strengrtn  of  a  beam  or  channel  when  ntiied  as  a  <$olninn, 
may  be  found  by  the  formula,  p  439,  using  the  least  radius  of  gyration,  as  given  in 
the  following  tables. 

Jfur  ••paratom  for  I  beams,  see  pp.  623  b  and  623  d.  ; 


For  channel  beam,  loaded  at  center,  10000 
"  *•  uniformly  loaded,  1«000 


Fig.  SJL 

Fire-proof  floors  of  I  beams  and  brlok-ai^cheS)  Fig.  $81. 

The  arches  are  ubually  **fouMuch  " — or  '-half  a  brtelt"  det-p;  spftn,  ^  from  4  to 
6  feet;  rise  about  one  twelfth  to  one  sixteenth  of  the  Kpan.  Tie-rods  T,  3^  inch  to 
1  inch  diameter,  from  4  to  6  or  8  feet  apart,  and  anchored  into  each  wall  with  a  stoat 
washer,  W.  At  each  wall  an  angle  iron,  a,  or  a  tee  iron  fse«  pp.  625,  etc.)  is 
generally  used  instead  of  a  beam.  The  spandrels  are  Itfvelea  up  with  concrete, 
enclosing  wooden  strips  m  m,  about  1  inch  X  2  inches,  two  over  each  arch.  To 
these  strips  the  fl'toring  is  nailed. 

The  weight  of  a  4  inch  arch,  with  its  concrete  filling  and  wooden  flooring,  but 
exclusive  3f  the  benms,  is  about  TO  lbs.  per  square  foot  of  floor. 

A  dense  crowd  uf  persons  will  hardly  weigh  more  than  80  lbs.  per  square  foot 
See  foot  Dotes  pp.  600  and  623. 


Jb'ig.  ss 

f  V^  22  Bhows  the  umal  manner  of  centering  the  arches.  Each  center,  0,  has 
ul„l"  l"i*^*  ^*?  f"*'  *  ^""^  *™"  8*r*P-  *>  forming  a  hook  by  which  the  center 
Is  suspended  flfom  the  lower  flanges  of  the  beams. 
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Peneoyd  Cbatinete.— See  page  621 
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Pencojrd  I  Beaiii9.~-See  page  521. 


1 
2 
3 
4 
6 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

19 

20 

21 

22 


|10<|i4j| 
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At 
root 

At 
edge 
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H 
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K 

A 

% 

A 

A 

K 

H 

Jl 
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233 
200 
201 
145 
194 
168 
163 
120 
161 
134 
134 
108 
109 

89 
137 
112 
106 

90 
122 

90 

88 

70 
109 

81 

75 

65 

88 

61 

63 

40 

40 

30 

38 

28 

21.5 

18.5 

28.6 

23. 

21.7 

17. 


•5  Si 


1.388,700 

i;273,200 

1,168,800 

972,900 

940,800 

867,900 

757,200 

—  TOO 

100 

MW 

100 

00 

100 

00 

!00 

K)0 

^oo 
soo 

iOO 
KK) 
»00 
00 
K)0 
00 
00 
00 
k)0 
!00 
kM) 
51)0 
WO 
100 
100 
00 
«0 

wo 

.00 
KX) 

24,600 


1^7 

1.20 

1.05 

1.08 

1.16 

1.17 

.99 

1.01 

1.17 

1.19 

1.05 

1.07 

.94 

.97 

.96 

.98 

.93 

.95 

.94 

.96 

.87 

.89 


If  omenta  of 
Inertia. 


Abont 
XT. 


743.60 

682.08 

626.57 

521.19 

403.48 

371.98 

324.61 

272.86 

265.74 

241.63 

219.53 

195.42 

180.34 

162.26 

194.41 

173.58 

161.33 

148.31 

143.70 

118.81 

106.78 

94.44 

98.59 

83.93 

74.50 

69.17 

58.60 

43.08 

30.77 

24.10 

14,69 

12.30 

9.02 

7.69 

5.55 

5.14 

3.99 

8.29 

3.01 

2.66 


Aboot 
WZ. 


31.89 

28.50 

22.16 

1691 

26.10 

23.19 

16.02 

12.22 

22.20 

19.00 

14.74 

12.45 

9.59 

8.34 

12.63 

10.64 

9.17 

8.46 

10.78 

8.44 

6.66 

5.59 

9.43 

7.23 

5.55 

6.02 

5.63 

3.43 

2.58 

1.80 

1.35 

1.09 

1.46 

1.17 

.54 

.49 

!77 
.59 
.48 


20 
20 

1^ 


1 1 


272 
200 
5.25 


2,310,000 

1,732,500 

4,3-20 


1.31 

1.15 

.36 


1,650.30  I  46.60 

1,238.00     26.62 

.135|     .0685 


These  lant  three  patterns  are  ft*om  the  list  of  the  Nei^  Jersey' 
Steel  and  Iron  Co.,  Trenton,  N.  J.  The  20  inch  are  the 
largest,  und  th()  \\^  inch  is  the  amallefet,  now  made  ia  America.  (But 
see  also  p.  523  c). 
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STANDARD  BBPARATORS  FOR  PBNCOTO  ROULBO 


IRON  I  BBAMS. 

Prlc«  per  lb.  of  fl«p*ra(on  ukI  bolts  is  aboat  the  i 
Me  p.  621. 


I  «■  that  of  ttu)  beaml^ 


Separfttor. 


1 
2 
3 

4 
6 

7 
8 
9 
10 
11 
12 
IS 
14 
15 
16 
17 
18 
19 
20 
21 
2i 


Depth,  inches. 


15 
15 
12 
12 
lOU 

lok 

10 
10 

9 

0 

8 

8 

7 

7 

6 

6 

5 

6 

4 

4 

3 

3 


in.  heary 
in.  light 
in.  heH,ry 
in.  light 
In.  heayy 
in.  med. 
in.  light 
in.  heaTf 
In.  light 
in.  heavy 
in.  light 
In.  heavy 
in.  light 
in.  heavy 
in.  light 
in,  heavy 
in.  light 
In.  heavy 
in.  light 
fn.  heavy 
In.  light 
in.  heavy 
in.  light 


Weight  lbs. 
per  yard. 


186  to  283 
146  to  201 
168  to  194 
120  to  163 
131  to  161 
108  to  135 

89  to  109 
112  to  137 

90  to  106 
90  to  122 
70  to  88 
81  to  109 
65  to  76 
65  to  88 
51  to  88 
60  to  63 
40to  63 
34  to  40 
30  to  40 
28  to   38 

18.6  to  21.5 
23  to  28  6 
17  to    21.7 


in 

in 


Weight,  Ae. 
of  one  sep*r. 


-5  <  «  §  « 
55   g^-2§ 


im 


^-^ 


22 
21 
16 
14^ 

11 

n 

10 
10 

fi 

4 
3 
3 

sl 

2 
2 


|!S 


3.84 
3.18 
2.76 
2  96 
2.10 
2.06 
2.03 
1.98 
l.flS 
1.68 
1.63 
136 
1.40 
1.26 
1.26 
1.24 
1.34 
1.10 
I.IO 
0.85 
0.85 
0.69 
0.69 


Bolts. 


W«-lght, 

lb«.of 

1  bolt  and  tint 

i^ 

^1 

1 

m 

B 

•a-o 

1.76 

.123 

1.62 

.123 

1.69 

.123 

1.68 

.123 

1.64 

.123 

1.28 

.123 

1.53 

.123 

1.56 

.128 

1.52 

.123 

1.52 

.123 

1.48 

.123 

1.50 

.123 

1.46 

.123 

0.96 

.086 

0.91 

.085 

0.90 

.085 

0.87 

.085 

0.43 

.056 

0.42 

.056 

0.42 

.055 

0.39 

.056 

0.38 

.065 

0.31 

.055 

*The  flanges  of  the  two  b^ams  in  contact. 
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STRENGTH  OP   MATERIALS. 


Steel  beanuu  Carnegie,  Bros.  A  Co.,  Limited,  Pittsburgh,  Pa^ 
roll  steel  beaou  as  described  in  table  below.  Owing  to  the  greater 
strength  of  tbo  material,  they  are  rolled  somawhat  iigbcer  (chiefly 
in  the  web)  than  iron  beams  of  the  sime  depth. 

Tbe  prices  per  ponnd  are  the  same  as  for  iron  beams.  See  p.  521. 

To  Aiftfll  ti^e  strength  in  any  given  case,  use  Ube  furmal» 
on  p.  521,  wtiich  apply  equally  to  steel  beams,  except  that  the 
coefflcient»  are  of  coarse  to  be  taken  from  the  following  table.  Said 
coefficieits  are  calculated  upon  an  assniued  ultimate  lou^todioal  or 
^  fiber  "  strain  of  50,060  pounds  per  square  inch.  £xperiment  shows 
this  to  be  a  safe  assumption. 

Deflection.  In  the  absence  of  full  experimental  data,  we  may 
assume  that  the  modulus  of  elasticity  for  the  steel  used  in  beams  ia 
about  one-tenth  greater  than  that  of  iron,  and  mse  the  formula  fur 
deflection,  p.  622,  as  follows: 

Defleetlon  _^  Load  in  B>s.  X  Cube  of  clear  ^)an  in  feet 

in  inches     ""  Weight  of  beam,  ^  Square  of  depth  D  ^     Constant,  ' 
in  fibiB.  per  yard    ^  of  beam,  in  inches  ^  given  below. 

If  the  beam  is  supported  at  both  ends  and  loaded  at  the  center  •  constant «»  12000. 
t  "  w  «  i«        «        M      imiformly;  •*       >»  19500. 

See  also  fiwmalse  for  defleetioa,  p.  505  a. 


CABKTEIGIX:  STKBI«  I  BEIAMS. 


1 

1 

a 

i 

0 

^.9 

i 

ii 

a 

1 

Thickness 
Of  flange 
in  inches. 

a 

L 

■a 

ill 

'♦3 

1. 

hi 

Moment  of 
Inertia. 

'5 

at 

at 

About 

About 

i 

a 

5 

root 

edge. 

^ 

•3 

XY 

WZ 

301  b 

20 

7.00 

0<0 

1.14 

0.68 

240 

2416000 

1.39 

1449.0 

45.6 

301a 

20 

6.25 

0.50 

0.98 

0.56 

192 

1910000 

1.20 

1146.0 

27.3 

302  0 

15 

6.16 

0.785 

1,26 

0.875 

240 

1723800 

1.29 

775.7 

38.8 

saib 

15 

5.75 

0.45 

a96 

0.65 

150 

1177000 

1.20 

629.7 

21.0 

302a 

15 

5.50 

0.40 

0.78 

0.40 

123 

942500 

1.08 

424.1 

14.0 

2tyA\> 

12 

6.50 

0.39 

0.88 

0.60 

130 

781400 

1.20 

281.3 

16.8 

303  a 

12 

5.25 

0.36 

0.72 

0.36 

96 

6175(J0 

1.04 

222.3 

10.3 

304  b 

10 

5.00 

0.37 

0.82 

0.47 

99 

637500 

1.10 

161.3 

11.8 

304a 

10 

4.75 

0.32 

0.66 

0.32 

7ft.5 

412^00 

0.99 

123.7 

.7.32 

305  b 

9 

4.75 

0.31 

0.76 

0.42 

81 

409700 

1.07 

110.6 

9.10 

805  a 

9 

4.50 

0.27 

0.60 

0.28 

63 

312)09 

0.96 

84.3 

5.56 

306b 

8 

4.50 

0.27 

0.67 

0.35 

66 

299400 

l.Ol 

71.9 

6.62 

306a 

8 

4.25 

0.26 

0.6S 

0.26 

54 

240600 

0.91 

57.8 

4.35 

307  b 

7 

4.25  " 

0.27 

0.66 

0.35 

60 

236506 

0.97 

49.7 

5.52 

307  a 

7 

4.00 

0.23 

0.53 

0.25 

46.6 

183700 

0.87 

88.6 

3.47 

308  b 

6 

8.625 

0.26 

0.59 

0.34 

44 

169000 

0.83 

28.6 

3.24 

308  a 

6 

3.50 

0.23 

0.50 

0.25 

39 

130500 

0.77 

23.5 

2.27 

309b 

5 

3.13 

a26 

0.64 

0.33 

39 

104700 

0.72 

16.7 

1.99 

309a 

5 

3.01) 

0.22 

0.44 

0.28 

30 

82600 

6.661 

12.4 

1.29 

810  b 

4 

2  75 

0.24 

0.49 

0.30 

SO 

64400 

0.646 

7.73 

1.22 

310  a 

4 

2.626 

0.20 

0.38 

0.20 

22.5 

49000 

0.584 

6.90 

0.762 

^Messrs.  Carnegie  state  the  weights  of  their  beams  in  pounds  per  foot.    We  give 
them  in  pounds  per  yard  for  the  sake  of  uniformity  with  our  other  tables. 
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STANDARD  SBPARATORS  FOR  CARMBGIB  ROLLBD 
STBBIi  I  BBABUk 

Price  per  S>.  of  separatora  and  bolU  is  about  the  lame  as  that  of  irno  or  itecl 
beams,  *ee  p.  621. 


Q 


H 

si 


& 


Sg  So 
V  o  a 

III 

»£5 


Separmtor. 


Weight,  Sm.  of 
one  separator. 


n 


•as*-  . 


Bolto. 


W.'ight.  Ib«.  of 
1  bolt  and  nut 


it 

s| 

^  0 

a 


a  55 


301b 
301a 
302  c 

302  b 
302a 

303  b 
803a 
303  b 

303  a 
304b 

304  a 
805  b 
305a 
S06b 

306  a 

307  b 
307a 

ao8t 

308a 

aoob 
im% 

310  b 
310  a 


ao 

20 
15 
15 
15 
12 
12 
12 
12 
10 
10 
9 
9 
8 
8 
7 
7 
6 

e 

5 

6 

4 
4 


240 
192 
240 
160 
123 
120 

96 
120 

96 

99 

76  5 

81 


46.5 
48 


30 
30 
22.5 


2.43 
2.46 
1.72 
1.81 
185 
1.43 
1.47 
1.43 
147 
1.18 
122 
1.07 
1.09 
0.95 
097 
0.82 
0.84 
0.62 
0.54 
0.42 
0.44 
0.33 
0.36 


1.75 

175 

175 

1.625 

1.6 

1.0 

1.5 

1.5 

1.5 

1.5 

1.6 

1.5 

1.25 

1.25 

1.26 

1.25 

1.25 

1 

1 

.75 

75 

.75 

.75 


.165 

.165 

.125 

.125 

.125 

.125 

.125 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 

.12 


Separators  for  beams  7  inch  nnd  larger  are  made  ^  Inch  thick.    Separators  for 
bean)8  smaller  than  7  inch  are  made  ^inch  thick. 

*The  flanges  <^  the  two  beams  about  half  an  inch  apart. 

t  Messrs.  Carnegie  state  the  weights  of  their  b^ams  in  pounds  per  /(xd.    We  give 
them  in  pounds  per  yard  for  the  sake  of  uiUfunnity  with  oor  other  tables. 
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BRIDGES  OF  I  BEAMS. 


Rolled  iron  I  beams  for  railroad  brtdg^es  of  short  span. 

(See  pp.  521,  etc.)  A  siugle  7-inch  beam,  88  lbs  per  yard,  under  each  rail,  will  suflBce 
for  3  or  4  ft  span ;  one  of  15  inch,  200  lbs,  for  8  or  10  ft ;  two  of  12  inch,  194  Ibe,  side 
by  side  under  each  rail,  as  in  Figt  50  A  and  50  B,  for  12  to  14  ft;  and  two  of  15  inch, 
145  lbs,  under  each  rail,  for  15  ft.  By  employing  a  greater  number  of  beams,  or  by 
introducing  a  truss-rod,  r  r.  Fig  62,  p  514,  the  spans  may  be  increased,  or  lighter 
beams  be  used.  Care  must  be  taken  to  iusure  lateral  stability,  by  means  of  hor  ilea 
and  struts. 


B      B 


Bfe  -u^"    jSlH 


Figs  50  A  and  60  B.  for  which  we  are  indebted  to  the  courtesy  of  Mr.  Jos.  M. 
Wilson,  C  E,  Engr  of  Bridges  and  Buildings,  Penna  K  K.  illustrate  a  standard 
form  of  rolled  beam  girder  in  use  on  that  road.  For  spans  of  14  ft,  each  beam  is  12 
inch.  180  lbs  per  yd ;  for  15  ft,  15  inch,  150  lbs.  The  two  beams,  B  B,  forming  a 
girder,  are  held  at  the  proper  dlst  apart  from  eacii  other  by  separators,  S,  each  of 
which  consists  of  a  short  piece  of  channel  iron  placed  vertically,  and  haying  its 
flanges  riveted  to  the  webs  of  the  beams.  On  som«  roads,  cast-iron  separators,  and 
bolts  which  pass  through  them  and  through  the  webs  of  the  beams,  are  used  in- 
stead. The  longitudinal  dist»  R  ft,  Fig  50  A,  between  the  separators,  is  about  5  times 
the  depth  of  the  beam. 

At  the  same  points,  R  R,  &c,  of  the  span,  are  placed  transverse  tie-struts,  T,  Pig 
50  B,  each  composed  of  two  4-inoh  21  lb  channel  bars  placed  back  to  back  (so  as  to 
form  an  I)  but  %  inch  apart.  Between  the  two  channels  are  riveted  angle-plates, 
A  A,  ^  inch  thi^.  the  flsinges  of  which  are  fastened  to  the  webs  of  the  inner  beams 
of  the  girders  by  the  satpe  rivets  which  hold  the  separators.  At  their  centei-s,  the 
two  channel-bars  are  separated  by  a  piece  of  bar-iron,  ^  inch  thick  X  4  ins  square, 
riveted  between  them,  as  shown.  The  cross-ties,  notched  to  the  girders  as  shown, 
give  additional  lateral  support. 

At  the  ends  of  the  span,  the  lower  flanges  of  the  beams  are  riveted  to  rectangular 
'^  bolster-plates,"  P,  which  rest  npou  slightly  larger  wall*plates,  W. 
The  rivets  are  counter-sunk  under  the  plate,  P.  Both  plates  are  of  roJled>iron,  % 
inch  thick.  They  are  held  in  place  on  the  abute  by  bolte  passing  through  both  plates 
as  shown.  At  one  end  of  the  span,  the  bolt  holes  in  the  bolster  plate  are  slightly 
elongated,  to  allow  for  contraction  and  expansion. 
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Angle  and  T  Iron, 


The  following  tables  give  the  hIzos  made  by  A.  A  P.  Roberto  A  Co, 
Peneoyd  Iron  Works,  Phi  la.  TItey  also  make  "iSyMarf-root"  Angles, 
Fig  1,  from  1  in  X  1  in  X  J^  in  to  4  in  X  *  in  X%  >n.  Many  of  the  sizes  in  these 
tables,  and  others,  are  made  by  other  mills.  Priees,  Phila,  1888,  approximate ; 
Angle  iron,  2>^  oti  per  lb ;  T  iron,  8  eta. 


Fig  2. 


Tbe  sizes  A  and  B  are,  in  all  cases, measured  from  oat  to  out,  as 

indicated  in  the  Figs. 

Auyle  IroN,  of  any  given  dimensions,  A  and  B,  in  the  tables,  ean  be  rolled 
to  an^  desired  tnlckiiess  between  the  maximum  and  minimum  thick- 
nesses given  for  that  size.  The  dimensions  A  and  B  vary  slightly  with  the  thickness. 
Those  given  are  the  dimensions  corresponding  to  the  minimum  thickness.  In  order- 
ing angle  iron  of  thicknesses  between  the  max  and  min,  give  tither  the  thickness 
in  ins,  or  the  wt  in  lbs  per  yard,  wanted  ;  Iwit  not  both. 

Tbe  tblekness  of  eaeta  size  of  T  iron  is  fixed  as  given  in  the  table, 
and  cannot  be  varied  except  by  changing  the  shape  of  the  rolls,  or  making  new 
ones.  This  is  always  expensive.  It  is  important,  in  designing,  or  in  ordering  rolled 
iron  of  any  kind,  to  bear  this  in  mind,  and  not  to  introduce  sizes  that  have  to  be 
specially  made. 

Tbe  area  in  square  Ins  of  eross  seetlon  of  any  bar  of  rolleti 

iron  of  uniform  dimensions  throughout.  Is  a= i — — HilX  . 

Tbe  nltimate  or  erippllngr  center  load,  for  a  beam  consisting 
of  a  single  bar  of  angle  or  T  iron,  supported  at  both  ends,  may  be  found  by  tlie 
formula,  p  488,  using  the  moment  of  inertia  as  given  in  the  following  tables.  Or, 
approximately,  and  much  more  simply, 


Ult  cen  loadl 

in  lbs  j 


2800  V    •*^*^**  ^^  Cross-    y.  <  Depth  of 

a  ^  section  In  sq  ins  ^  Beam  in  ins 

Clear  span  in  ft. 


Tbe  ultintate  distributed  load  is  tvnce  the  ult  center  load. 

For  tbe  safe  center  or  distributed  load,  divide  the  ultimate  center 
or  distributed  load  (as  the  case  may  be)  by  the  required  factor  of  gafety^  which 
should  in  no  case  be  less  than  8,  and  should  generally  be  from  4  to  6,  according  to 
circumstances. 

Under  any  load  less  than  half  tbe  ultimate  load; 


]>eile€^on  in  ins 

^t  center  . 

wltb  load  at  center  j 


1       Load  in  lbs  X  Cnbe  of  clear  span  In  ft 


Mnnt\  \^  Area  in  v^  Square  of  depth 
***"*^  X    sq  ins   X  in  ins. 


Deflection  in  ins 

At  C6lltdr 

witb  distributed  load 


}- 


sq  ins 

Load  in  lbs  X  Cube  of  clear  span  in  ft 

infionn  \y  Area  in  ^  Square  of  depth 
108U00  X    gq  i„g   X  in  i„g. 


The  breaking^  load,  for  a  column  consisting  of  a  single  bar  of  angle 
or  T  iron,  with  flat  ends,  firmly  fixed,  may  be  found  by  the  formula,  p  439,  using  thtf 
least  radius  of  gyration  as  given  in  the  following  tables. 
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ANGLES   AND  T   IRON. 


Angrl^B  with  e^iiial  lefrs.  Tig.  3. 


<i 

• 

a>* 

o5 

ac 

i 

i 

eH 

"SS 

Bv 

IS 

i 

1^ 

s 

^1 

^1 

am 

] 

t. 

©3 

h 

p 

IH 

fri 

i^' 

g-" 

II 

|o^^ 

P^ 

1      X  1 

2.3 

.02 

.20 

.30 

mm 

M 

22.5 

1.23 

.49 

.81 

4.4 

.04 

.20 

.35 

Ix 

13.1 

.95 

.55 

.78 

1J4  X  IK,  ^ 

3.0 

.05 

.26 

.36 

72 

25.0 

1.67 

.54 

.87 

K 

5.6 

.08 

.26 

.40 

3    X3 

K 

14.4 

1.24 

.60 

.84 

^'A  X  11/^ 

6.3 

.11 

.31 

.44 

tI 

83.6 

2.62 

.59 

.98 

9.8 

.19 

.31 

.81 

3^X3^^ 

?i 

24.8 

2.87 

.70 

1.01 

15iX  1% 

^ 

6.2 

.18 

.36 

.51 

5z 

39.8 

4.33 

.69 

1.10 

11.7 

.31 

.35 

.57 

4    X4 

zi 

28.6 

4.S6 

.81 

1.14 

2X2 

i 

7.1 

.27 

.40 

.57 

? 

64.4 

7.67 

.80 

1.27 

13.6 

.50 

.39 

.64 

5    X5 

41.8 

10.02 

1.00 

1.41 

2K  X2K 

lO.rt 

.60 

.45 

.65 

li 

90.0 

19.64 

.98 

1.61 

4. 

17.8 

.79 

.44 

.72 

6    X6 

A 

50.6 

17.68 

1.19 

1.66 

2^  X  2K 

11.9 

.70 

.50 

.72 

Y 

110.0 

38.46 

LIT 

1.86 

Angeles  with  niiequal  tegs,  Flg^.  3. 


Dimen- 
sions, ins 
AuidB. 

Tbickaesaes,  ins. 

S3S 

It 

Hi 

Stem,  B. 

Base.  A. 

At 

At 

At 

At 

root. 

edge. 

edge. 

1     XI 

Yt 

^ 

K 

i 

3. 

.03 

.26 

M 

IK  X  IK 

ikxiM 

w 

4.5 

.07 

.27 

UJ7 

♦' 

♦• 

6. 

.13 

.32 

.45 

" 

" 

" 

«♦ 

7.1 

.21 

JS! 

.50 

2     X2 

•:^><2K 

P. 

¥ 

t 

'4 

10.6 
11.75 

,38 
.52 

.60 

.60 

.61 

JL 

*♦ 

" 

12. 

.54 

.47 

.65 

2^X2^ 

al 

11 

il 

il 

17.52 

.97 

.63 

.76 

ft 

11 

11 

19.5 

1.12 

.65 

.76 

;,  X^ 

7a 

le 

*• 

26.0 

2,10 

.62 

.90 

3^X3^ 

(( 

" 

J. 

^ 

31.0 
36.5 

3.47 
5.26 

.74 

.84 

1.00 
1.14 
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T  iron  wf  til  nne^uai  l^gtu    (Using  the  lettering  of  Fig.  4.) 
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RESIST AHCE   OF   OPfilf    BEAMS. 

Beams,  Ac  In  which  all  ©f  the  loiifritiidiBRi  resistance  is 
regarded  as  being:  exerted  by  the>fanflre».  i.^,„«  ^f 

iPrt.  1.  On  page  486  we  saw  that  the  strength  of  -  c/o»^''  t>eam8,  or  beaiiw  of 
solid  cross-section,  is  proportional  to  the  squares  of  their  depths ;  »>e<»;8e  tn«  ^^'*,J; 
ing  moment  of  each  fibre  is  proportional  to  the  square  of  its  distance  from  the  neu- 

'^Artf  2.    But,  as  in  an  open  beam,  or  <ruM,  t  x  c  a  Fig  6  (or  in  a  cloeed  beam  with 
AT*,  «.    «ui,,  ^^^  ^  ^^.^  ^^^  ^^  ^^  22,  p  537)  we  may  place  aa 

""  many  of  the  fibres  as  possible  in  the  chords,  ix 

and  ea  Fig  6  (a  and  6  Fig  22)  or  as  fiur  as  possi- 
ble from  the  neutral  axis  w  Fig  6,  so  that  they 
m9j  exert  their  maximum  resistance.  The 
chords  are  thus  made  to  bear  most  of  the  hori- 
zontal or  longitudinal  strain.  For  conveni- 
ence's sake  we  assume  that  they  bear  it  aU. 
For  the  remstance  of  the  toeb,  see  Ait.  5,  p  529. 

It  is  plain  that  the  breaking  moment  of  the 

load  is  the  same  as  in  the  closed  beam  Fig  2,  p 

_      -     479,  =  (Fig  6)  the  load  X  its  leverage  (  =^  «  a  or 

^-'^^    ix)  about  the  neutral  axis  n.    But  the  resisting 

moment  of  the  beam  now  consists  of 

/longitudinal  tensile  its  leverage  in*\  /longitudinal  comprf-  *SlSIt?^®„\ 
I  r^istanceof  the  X  about  the  neu-)  +  (sive  resistance  of  the  X  ne*  about  the  1 
\     upper  chord  ix  tral  axis  n     /       \      lower  chord  e  a         neutral  axis n/ 

_  sum  of  the  longitudinal  re-  ^  j^^j^  depth*  of  beam 
~  sistances  of  the  two  chords 

But  we  may  express  this  more  simply  by  regarding  the  neutral  axis  or  fulcrum  as 
being  at  the  inner  end  i  or  c  of  one  of  the  chords ;  and  by  writing 

Moment  of  resist-  _  longitudinal  resistance  of   ^  whole  depth 
aneeofbeam  —    ea^er  oiw  choi-diaj  or  co    ^  t«*  of  beam 

So  long  as  the  beam  sustains  its  load,  the  longitudinal  resistances  of  the  two  chords 
are  equal,  although  the  longitudinal  strengths  of  one  or  of  both  may  be  much  gi*eater 
than  this  resistance.    If  the  strength  of  either  chord  becomes  less  than 

moment  of  rupture 
Resistance  =     ^epth*  of  beam 

then  that  chord  fails,  and  the  beam  gives  way. 

Heuce  the 

maxlntum  or  nlti-       ultimate  longitudinal       ™hole  denth* 
mate  moment  of    -  strength  of  ihetoeaker  X  ^"Hf  ^^ 
resistance  of  beam  chord  ix  ore  a 

In  "closed  beams,"  &b  explained  on  p  485,  the  longitudinal  tensile  and  com- 
pressive resistances  exerted  by  the  fibres  against  rupture,  are  aided,  to  an  important 
extent,  by  the  mutual  adhesion  of  the  fibres,  which  resists  their  slidiug  upon  each 
other;  for  without  such  slidiug,  rupture  cannot  occur.  But  in  "open  beams,"  such  as 
we  are  now  treating  of,  the  thickness  of  the  flanges  or  chords  is  so  slight,  compared 
with  the  depth  of  the  beam  or  truss,  that  the  sliding  between  their  fibres  becomes 
insignificant.  The  resistance  due  to  the  adhesion  of  the  fibres  to  each  other  is 
therefore  neglected,  and  the  fianges  are  regarded  as  sustaining  only  longitudinal 
tensile  or  compressive  strains. 

Art.  3.  Let  Fig  6  be  a  hor  open  beam  1.5  ft  deep  from  i  to  «,  and  projectiDg  6 
ft  from  a  wall  into  which  it  is  firmly  fixed  by  its  flancres  or  chords  t  and  «:  and 
let  the  concentrated  load  I^  at  its  outer  end  be  1  ton.  This  load  tends  to  pull  the 
beam  into  the  dotted  position  by  stretching  or  tearing  apart  the  fibres  of  the 
upper  chord  at  t.  Now  with  how  great  a  moment  of  rupture  does  it  tend  to  do 
this,  and  how  strong  must  the  fibres  of  the  chord  be  at  t  in  order  that  their  mo- 
ment of  resistance  may  oppose  it  safely  ?  We  shall  here  leave  the  wt  of  the  beam 
itself  out  of  consideration.    When  required  to  be  included  see  Case  6,  p  482. 


y  Google 


BEAMS  WITH  THIN  WEB8.  629 

Regard  the  lines  i  e  and  e  a  as  the  two  arms  of  a  "bent  lever  resting  on  Its  fiil- 
CTuui  e.  This  lever  is  plainly  acted  upon  and  balanced  by  two  equal  moments, 
one  at  each  end  a  and  i ;  namely  at  a  ^ne  moment  of  rupture  of  the  load,  equal  to 
(1  ton  X  6  ft  leverage  a  c)  =»  6  ft  tons ;  and  at  i  the  resisting  moment  of  the  beam, 
equal  to  the  hor  pull  or  strain  on  the  fibres  at  the  chord  t  x  1«5  ft,  leverage  i  d 
But  we  do  not  yet  know  what  amount  of  bor  pull  by  the  fibres  at  i  is  required  t» 
balance  the  moment  of  the  load.  It  is  however  very  easily  found  by  merely  divid- 
ing the  6  ft  tons  moment  of  the  load  by  the  1.5  ft  leverage  of  the  fibres,  that  is,  by 
the  depth  of  the-beam.  Thus  we  get  (6  -r- 1.5)  =  4  tons  pull  at  i ;  and  we  then  Have 
the  6  X  1  =s  6  ft  tons  moment  of  the  load,  balanced  by  the  li>  X  4  =s  6  ft  tons  mo- 
ment of  the  fibres.  Therefore  in  order  just  to  balaiuse  the  moment  of  the  load, 
the  chord  at  i  must  be  strong  enough  to  bear  a  hor  pull  of  4  tons ;  or  for  a  safetv 
of  3,  4  or  6,  Ac,  strong  enough  to  bear  a  pull  of  12, 16,  or  24,  &c,  tons.  The  web 
members  of  course  carry  this  4  ton  hor  pulling  stnin  ^m  the  upper  chord  to  the 
lower  one  upon  which  it  acts  as  an  equal  hor  compressing  one. 
.    In  shape  of  a  formula  the  above  stands  thus. 

Hor  strain  at  any      Moment  of  load      Load  X  Its  leverage 
point  in  a  hor  flange  ^^    at  that  point    ^       at  that  point 
of  an  open  cantilever        Depth  of  beam  Depth  of  beam 

Hence  if  we  know  the  size  and  of  course  the  ultimate  longitudinal  tensile  and 
compressive  strength  of  the  flange  or  chord,  we  have  by  transposition  the  ulti- 
mate or  breaking  load  of  the  hor  open  beam,  thus, 

Breafcinff  load  at  any  —  Ultimate  strength  of  flange  X  Depth  of  beam. 
point  of  a  hoT  open  cantilever  ~*  Leverage  of  load  at  that  point. 

And  for  a  safety  of  8, 4  or  6,  Ac,  we  have 

H   r   1      d  —  ^^  ^  or  /^>  <fec>  the  ult  strength  of  flange  X  Depth  of  beam. 
~  Leverage  of  load  at  that  point. 

Art.  4.  Also  In  a  hor  open  benn  or  Um»^  snppovted  at  both 

onds*  after  having  found  the  moment  of  the  load  at  any  poiut  (by  ''^luuients,"  p 
479,  Ac)  the  strain  on  the  beam  as  also  its  load  in  lbs  or  tons  are  fuuud  iu  tlie  same 
way  or  by  the  same  formulas. 

Rem.  1.  The  longitudinal  strains  on  the  flangres  of  hor  dosed  beams 
with  tliin  webs  such  as  common  rolled  I  beams,  as  well  as  their  loads,  are  also  ire- 
queutly  computed  in  this  same  ready  way,  instead  of  the  more  troublesome  one,  p  488. 
Tlie  webs  are  left  entirely  out  of  consideration  as  regards  the  hor  strains.  Although 
not  strictly  correct,  it  is  sulBciently  so  for  ordinary  practice,  and  is  safe.  With  these 
assumptions  the  dimensions  or  sectional  areas  of  thetopand  bottom  flanges  are 
Droportioned  to  the  safe  unit  strains  of  the  material.  Thus  Hodgkinson  having 
lound  that  the  ultimate  compressive  strength  of  cast-iron  averag^  about  6  times 
as  great  as  its  tensile  one,  gave  his  upper  flange  only  ope-sixtk  the  area  of  the 
lower  one,  in  order  that  both  should  he  equally  strong.  In  wrought-iron  the  ten- 
sile strength  is  somewhat  the  greatest,  which  would  lead  to  making  the  lower 
flange  the  smallest,  but  here  this  consideration  is  outweighed  by  the  practical 
ones  of  greater  ease  of  manufacture  and  of  handling  or  placing  which  require 
equal  flanges. 

Rem.  2.  If  the  flauKres  are  not  horlsontal,  although  the  beam  or 
iroas  itself  may  be  so,  the  longitudinal  strains  on  the  flanges  will  be  increased; 
and  the  transverse  or  shearing  strains  on  the  webs  will  also  be  changed  as  stated 
in  Art  6. 

Art.  5.  The  web  members  of  an  open  beam  or  common  truss  like  Figs 
10  and  11,  p  668,  uniformly  loaded,  carry  the  vert  or  shearing  forces  of  the  load 
and  beam  from  the  center  each  way,  up  and  down  alternately  from  one  chord  to 
the  other,  until  finally  the  end  ones  deposit  it  as  load  on  the  supports  or  abut- 
ments. For  each  member  receives  and  carries  its  share  of  the  shearing  force  in 
the  shape  of  an  etui  load,  thus  changing  the  shearing  tendency  into  an  alternately 
pullina  and  compressina  one  according  as  the  alternate  members  are  ties  or  struts. 
In  doing  this  any  web  member  that  is  oblloue  is  (on  account  of  its  obliquity) 
strained  to  an  extent  that  exceeds  its  load  in  the  same  proportion  that  the  oblique 
length  of  the  member  exceeds  the  length  it  would  have  had  if  it  had  been  vert,  as 
explained  in  Art  11,  p  667,  Ac.   This  excess  of  strain  over  the  load  on  the  obliques 
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•xhiUts  iteeir  at  their  ends  m  hor  pall  aloog  one  ebord,  and  hor  conpnMBion  along 
the  other;  and  tbeae  hor  stratna  on  the  cbonjs  are  the  same  as  those  found  by  mo- 
ments. Thm  it  Is  seen  in  Figs  p  568  that  the  hor  strain  at  tlie  center  of  each  chord 
(as  there  found  by  tracing  ap  the  diff  loads  or  shearing  forces  in  their  jonmeyaloni; 
the  obliqnes)  is  set  down  at  Id  tons.  Now  the  whole  distributed  load  on  one  truss 
of  64  ft  span,  and  16  ft  depth,  is  32  tons ;  and  by  Case  10,  p  483,  we  find  that  at  the 
canter  the  HiOBieBt  of  this  load  is  16  X 16  »  266  tons ;  and  this  dirided  by  the  depth 
of  our  open  truss  or  16  ft  gives  16  tons  for  the  hor  strain  at  center  as  before ;  and 
■o  at  other  points.  The  €$Ugue  web  members  are  plainly  the  only  ones  that  can 
convey  their  loads  lateraUy,  tnat  is  in  directions  tending  toward  or  from  the  abut- 
ments. Vertical  members  merdy  convey  their  loads  vert  up  or  down  from  one 
chord  to  the  other,  at  which  last  they  tranrfer  them  to  obhque  members  which 
can  convey  them  lateraUy.  If  both  a  ^ull  and  a  push  act  at  once  in  opposite 
directions  on  a  web  member,  their  diff  is  the  actual  strain. 

Rem.    As  f%  matter  of  economjr  in  small  spans  it  is  often  better  not  to 

Proportion  the  sizes  of  the  individual  members  to  the  strains  they  have  to  bear  ;• 
ut  to  give  to  the  flanges  throughout  their  entire  length  the  same  dimensions  as 
are  required  at  their  most  straiiKd  part,  namely,  at  the  center ;  and  to  make  all 
the  web  members  as  strong  as  the  most  straiited  or  end  ones.  This  avoids  the 
extra  trouble  and  expense  of  getting  out  and  fitting  together  many  pieces  of 
various  sizes. 

Art,  6.  Obliqne  or  cnrved  flanses.  We  have  hitherto  supposed 
the  beams  and  their  flanges  to  be  horizontal;  but  a  beam  may  be  hor,  and  yet 
have  one  or  both  of  its  flanges  oblique  or  curved  as 
at  A  and  B.  In  such  cases  the  longitudinal  strains 
along  the  flanges  become  greater;  and  the  vert  or 
shearing  strains  across  the  web  tn  most  cases  less. 
See  Rem  at  end  of  Art  It  is  plain  that  such  flanges 
must  as  it  were  intercept  to  some  extent  (depending 
on  their  inclination)  the  vert  force  at  any  point, 
and  convert  it  into  an  oblique  one  along  the  flanges, 
somewhat  as  the  oblique  web  members  ot  an  open 
beam  do. 

To  iind  tlie««  new  utMlttM  at  anv- point  o, 
Figs  A,  B,  of  either  an  upper  or  lower  oblique  or 
curved  flange,  first  ascertain  by  '•  Momenta,*'  the 
hor  strain  at  that  point  for  a  beam  with  the  depth 
0  «;  and  fey  ''Shearing,"  the  shear  also. 

Then  firom  that  point  o  draw  a  hot  line  A  equal  by 
scale  to  the  hor  strain ;  and  from  its  end  draw  v 

vert  and  ending  either  at  the  flange  (produced  if  necessary)  if  straight  as  in  A ; 
or  at  a  tangent  /  from  o  if  the  flange  is  curved  as  at  R  Then  will  I  m  either  fi^ 
give  by  the  same  scale  the  longitudinal  strain  along  the  flange  at  o ;  and  h  and  v 
are  the  components  of  that  strain.  As  a  formula,  the  Rule  reads  thus,  o  being  the 
angle  formed  by  h  and  ^  at  o. 

Strain  alongr     .   i.      *    •  .       «•         "***'"  ^^  ""P 

oblique  llangre  «  ^^"^  «t~'°  -  «>«i°«  ^^ *»  =  depth  of  beam 

Here  v  shows  by  the  scale  how  much  of  the  vert  or  shearing  force  has  been  con- 
verted into  a  longitudinal  one ;  and  if  it  be  taken  from  the  total  shearing  force 
before  found,  the  remainder  will  show  how  much  of  said  force  still  operates  on  the 
web  at  0.  For  exceptions,  see  Rem.  The  foregoing  applies  also  U>  oblique  flanges 
of  open  hor  beams. 

In  the  bor  triangular  flaniced  beam  T)  with  a  concentrated  load  at 
its  ft-ee  end,  draw  a  o  vert  and  equal  by  scale  to  the  load, 
and  draw  o  c  hor.    Now  here  the  whole  load  rests  upon  the 
upper  end  a  of  the  oblique  flange  a  n.  which  therefore  sus- 
tains all  of  it  as  an  end  load,  which  it  deposits  as  vert  press- 
ure at  n,  and  thus  entirely  prevents  it  from  exerting  any 
shearing  force  whatever  upon  any  part  of  the  beam.    The     ^||||ijja«K:-'i.-..jo 
shaded  web  is  therefore  of  no  use  here.  The  line  a  c  meets-     -^J»SiP^. 
ures  the  strain  along  the  oblique  flange ;  a  o  the  vert  pressure     ^^  -p. 

at  n;  and  o  c  the  hor  pull  of  the  load  all  along  the  upper     ^  -^ 

flange  a  e.    Also  a  o  and  «  c  are  the  components  of  a  c. 

So  Hlfio  in  Flar  £,  with  a  concentrated  load  I  suspended  by  a  string  from  c 
The  btring  carries  the  load  up  to  the  two  oblique  flanges  c  a,  o  5,  which  convert 
Its  shearing  tendency  into  two  oblique  pulls  along  themselves.  At 
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the  abutments  or  supports  these  pulls  along  e  a  and  c  6  become  converted  into  ver- 
tical preasoreB,  together  equal  to  the  load  I;  and  into  hor  pressures  compressing  a fr. 
Here  also  the  shaded  web  is  unnecessary;  as  would 
likewise  be  the  case  if  the  load  were  transferred  to  e, 
and  a  single  vert  post  (shown  by  the  dark  line)  provided 
to  cany  it  down  to  e,  as  the  string  before  carrfed  it  up 
to  c.  If  there  is  no  such  post  the  web  acts,  and  the 
strain  on  either  oblique  flan|^  is  found  as  for  A  and  B. 
But  it  is  only  in  a  few  similar  cases  that  the  oblique 
flange  entirely  supplants  the  continuous  web. 

Hnmber  given  for  finding^  tbe  strain  nt 
any  point  of  an  oblique  or  curved  web  as  follows. 
First  nnd  the  shear  as  before  as  for  a  horisontal 
flange.    Then 
^the  €sompreaaod  flange  is  tnclined  daum  to  (be  nearest  nipjm%  or 
If  the  stretched  yZon^e  is  inclined  down  from         "  " 

take  the  diff*  between  the  vert  component  v  and  the  shearing  force.    But 
J{fthe  compressed  yton^«  is  inclined  down  from  the  nearest  support^  or 
Ij  the  »treteUed  flange  is  inclined  doivn  to  "        "  ^ 

take  the  sum  of  the  vert  component  v  and  the  shearing  force. 

Kern.  Hence  in  these  last  two  cases  (which  do  not  include  any  of  our  above 
figs)  the  vertical  force  on  the  w^  is  increased. 

As  Humber  remarks,  in  girders  or  beams  with  curved  or  oblique  flanges  the 
greatest  strain  in  the  web  is  not  always  where  the  greatest  shearing  strain  is 
produced. 
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VERTICAL  STRAINS  IN  BEAMS,  ETC. 

TKRTICAI.  OR  SHEARIWO  STRAINS  IW  BEAMS,  ETC. 

Art.  1.    When  a  loaded  beam,  a  v,  Fig  1,  rests  upon  two  supports,  Und  r,  the 

weiKht  of  the  beam  and  load  between  the  supports,  and  the  upward  reactions  of  tiie 

two  supports,  lend  not  only  to  bend  the  beam,  as  in  *ig 

3,  p  550,  but  also  to  cut,  or  shear  it  across  vertically,  as 

In  pi-actic«,  beams  rarely  fail  by  shearing, 

and  then  only  when  heavily  loaded  close  to  their  pointa 
of  support,  as  in  Fig  1.  .   ^  . 

Bui  the  \ert  forces  irbleli  tend  to  pro- 
duce sliearing  exist  in  all  beams  ana 

_,  In  the  latter,  tliey  cause  all  the  strain  on  the  verts  and  a  part  of  that 

fn  the  obliques  (whether  web  meml«i-s  or  flanges);  and  in  beams  with  thin  webs 
and  considerable  area  of  flange,  such  as  box  and  plate-girders,  ps  5d< ,  «c,  it  "  «8"ai. 
and  sufllciently  (although  not  strictly)  correct,  to  assume,  for  <onvenience,  that  a« 
of  the  wrt  strains  are  borne  by  the  web,  while  the  j^anges  are  regai-ded  as  reaisttog 
only  the  longitudinal  strains.  The  following  instructions  are  tj.erefore  given  for 
finding  the  amount  of  vert  or  shearing  strain  in  the  different  parts  of  a  b^i  under 
different  conditions  of  loading.  For  the  sake  of  simplicity,  we  neglect  the  wt  of 
the  beam  itself,  unless  otherwise  stated.  ^   ■,    ^  x.  ..t,       a        a 

Art,  2.  Imagine  the  beam,  a  v.  Fiar  «  (supported  at  both  ends,  and 
loaded  at  its  center  with  3  tons),  to  be  divided  into  a  number  orsitees, 

uat,  Ac,  by  the  vert  planes  whose  edges  are 
shown  in  the  flg.  If  we  take  any  two  adjoin- 
ing slices,  as  m  and  n,  to  the  right  of  the  load, 
it  is  plain  that  we  may  regard  the  ^/f-h«nd 
slice,  tn,  as  being  pressnd  downward  by  that 
portion  (lU  tons)  of  the  load  which  goes  to 
the  right-hand  support,  r,  while  its  neighbor- 
ing slice,  n,  on  the  right,  is  up?ield  by  the 
equal  upward  reaction  of  the  right-hand  sup- 
port, r.  Therp  is,  therefore,  a  vert  strain, 
equHl  to  1^  tons,  or  to  one  of  these  forces, 
tending  to  shear  the  beam  across  on  the  vert 
plane  separating  the  two  slices ;  and  this  ten- 
dency .must  be  resisted  by  the  cohesive  fore© 
of  the  l>eam  in  that  vert  plane.*  Since  the' downward  pressure  exerted  upon  the 
right-hand  support  undergoes  (in  this  case)  no  increase  or  diminution  between  the 
load  and  the  support  (there  being  no  intermediate  load  or  support),  and  since  tlie 
upward  reaction  of  r  is  also  exerted,  unchanged,  at  every  p<»int  between  r  and  c,  it 
follows  that  the  shearing  stmin  is  equal  at  all  those  points.  And  since  the  load  is 
at  the  center  of  the  beam,  the  upward  reaction  of  the  left  abutment,  I,  is  equal  to  that 
of  r,  and  there  must,  therefore,  be  an  equal  shearing  strain  of  1)^  tons  at  each  point 
in  the  le/t-hand  half  of  the  beam.  In  other  words,  a  load,  eoneentrated  at 
the  middle  of  a  beam  supported  at  both  ends,  exerts  a  uniform 
shearing  strain,  equal  to  half  of  said  load,  throughout  the  beam. 

Art.  3.  But  while,  to  the  right  of  th&  load,  each  slice  tended  to  slide  downward 
past  its  neighbor  on  the  right;  the  reverse  is  the  case  to  the  k/f  of  the  load:  each 
slice  there  tending  to  slide  downward  past  its  neighbor  on  the  left.  In  other  words, 
to  the  right  of  the  load  the  vert  downward  strain  oA  each  section  comes  from  the 
left,  and  vice  versa. 

Art.  4.  At  the  vert  section  Immediately  under  or  over  a  eoneen- 
trated center  load  there  is,  strictly  speaking,  no  shearing  tendency  between 
the  two  slices  to  the  right  and  left  of  that  section,  because  they  evidently  have  no 
tendency  to  slide  past  each  other.  But  there  is,  in  the  two  slices,  a  combined  crush- 
ing strain  eqiial  to  the  entire  load;  because  eocA  of  them  sustains  half  the  load,  and 
is  pressed  upward  by  the  equal  reaction  of  the  abut.    If  we  suppose  a  v  to  be  a  truss, 

*  So  long  aa  the  joint  between  m  and  n  remains  intact,  n  ia  of  oonme  also  pre»ted  dowmeard  by 
the  half  load,  and  m  is  also  upheld  by  the  support.  But  this  does  not  affect  the  shearing  strain  ta 
the  joint,  because,  in  order  that  n  may  receive  the  downward  pres  of  the  half  load,  said  pres  must  be 
transmitted  to  it  from  m  through  the  joint  in  question ;  and  so  with  the  upward  reaetioo  tmosmitted 
from  n  to  m.  It  is  the  tranamiation  of  the  original  aotioo  and  reaetioo  through  any  given  joint  that 
1  the  shearing  strain  in  it. 
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•si4  the  Tert  ltn«  between  Je  *nd  «» to  reprMest  a  vert  poet^  then  said  post  will  htive 
to  bear  the  combined  crtuhing  strain,  Vhicii,  in  the  beam,  comes  upon  slioM  It  and 
«n  (=  tlie  entire  load  of  3  tons),  and  its  piii  at  o  in  the  lower  chord  wHl  sustain  a  veri 
shearing  strain  of  3  tons  in  addition  to  the  hor  shearing  strains  from  the  chord. 

Art.  5.  If,  in  Fig  2,  we  mak»  al  and  vr  each  equal,  Iiy  scale,  to  the  upward 
reaction  of  its  abutment,  or  (in  thiB  case) equal  to  half  the  load;  and  draw  Ir  hur; 
then  vert  lines  (of  uniform  length  in  this  can)  drawn  between  a  v  and  Ir  witl  give 
the  shearing  strain  at  each  point  in  the  beam,  except  of  course  at  the  cen,  c,  as  ex- 
plained in  Art  4. 

Art.  6.  Figs  Sand  4  show  the  applleatiom  of  I  lie  foreiroiiBir  to 
C^Mnmon  forana  of  tnusefu  In  each  fig,  a  load  of  $  tons  in  supposed  to  be 
sustained  entirely  by  only  one  truss  of  the  span.  The  ntembers  sustaining  tmsifm 
are  shown  by  Ztf  A<  lines;  and  those  under  campression,  by  hawy  lines.    It  is  plain 
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that  each  vert  member.  In  either  flg,  is  strained  l^^tons.*  Each  oblique  sustains  a 
taUd  strain  greater  than  1%  tons ;  but  the  vert  wmp  of  each  is  only  1^  tons.  Also, 
the  doumtoard  strain  on  each  web  member  to  the  right  of  the  lond  cornea  from  the 
/^,  and  vice  versa.  We  see,  also,  that  while  the  two  central  obliques  have  no  ten- 
dency to  slide  past  each  other,  their  combined  vert  strain  (compression  in  Fig  8;  ten- 
sion in  Fig  4)  lis  equal  to  the  entire  load ;  and  the  pin  at  c  in  either  tig  sustains  a 
vert  shear  equal  to  the  entire  load.  And  the  cen  vert  rod  in  Fig  3  sustains  a  pull 
equal  to  the  entire  load,  or  3  tons.  DraMing  a  I  and  vr  each  equal  to  the  upward 
reaction  of  its  abut;  Ir  hor;  and  the  vert  dotted  lines;  the  latter  give  the  rert 
strains  (uniform  in  this  case)  at  the  several  panel  points,  except  of  coiirse  at  the  cen, 
as  just  explained. 

The  Arrows  pointing  downward  represent  the  downward  pressures  caused  by  the 
load;  while  those  pointing  upward  represent  ihe  upward  reactions  of  the  abuts.  In 
Fig  3  the  downward  pi'es  at  each  section  is  applied  at  its/ooif,  and  tlie  upward  pres 
at  its  Jtead;  and  the  vert  members  are  thei-efore  iti  tension.  In  Fig  4  the  reverse 
of  all  this  is  the  case.  Tlie  directions  of  the  arrows  should  be  carefully  noted,  as 
they  have  an  important  bearing  upon  what  follows.  The  lengths  of  the  arrows  indi- 
cate the  amounts  of  the  forces  which  they  represent;  and  their  positions  show 
whether  those  forces  are  applied  at  the  upper  or  lower  chord,  and  whether  the  force 
comes  to  the  section  from  the  right  or  from  the  left. 

Tims,  in  Fig  3,  the  arrow  pointing  downward,  immediately  under  the  load,  and  at 
the  bottom  of  the  diagram,  shows  tbat  the  force  represented  by  it  is  applied  imme- 
diately at  the  Joint  (coming  neither  from  the  right  nor  from  the  left)  and  that  said 
joint  is  in  the  lower  chord. 

This  force  is  equal  to  the  entire  load,  or  3  tons.  The  two  eqnal  arrows  Imme- 
diately to  the  right  and  left  of  the  cen  line,  and  at  the  top  of  the  diagram,  are  made 
each  half  as  long  as  the  central  arrow  just  referred  to,  in  order  to  show  that  the 
force  represented  by  each  is  half  as  great  as  that  represented  by  the  central  arrow. 
These  two  arrows  represent  the  upward  reactions  of  the  two  abuts,  coming  from 
the  right  and  left^  respectively,  and  meeting  at  c  in  the  upper  chord. 

Rem*  A  single  coucentratea  load  produces  its  great<»st 
sbeartni^  Straui  when  placed  at  one  end  of  the  span,  immediately  over  the 
edge  of  an  abut;  at  wliich  point  the  shear  is  then  equal  to  the  load;  but  there  is 
then  no  shearing  strain  in  any  other  part  of  the  beam.  As  the  load  moves  along  the 
beam,  the  shear  in  front  of  it  increases  uniformly,  and  that  behind  it  decreases  uni- 
formly, until  the  load  reaches  the  other  end  of  the  span.  At  wliateTer  point 
the  load  may  be,  the  shear  at  any  instant  is  uniform 
throngrhont  either  one  of  the  two  megmevktm  into  which  the  load 
divides  the  span.    See  Figs  5  and  6. 

•Except  that  the  center  vertical  member,  in  Fig  3,  belongs,  as  it  were,  to  both 
halves  of  the  truss,  and  therefore  performs  the  same  duty  as  two  side  verts,  by 
inpporting  the  enture  load  of  3  tpns  =  /ti;toe  the  half  load,  as  explained  in 
Art.  4. 


yGoOgk 


634 


VERTICAL  STRAINS  IN   BEAMS,   ETC. 


Art.  7.    In  Figs  5  and  6,  tMe  eonceniraied  l<»ad  is  not  at  tb« 

een  of  the  be&m.    Therufure  tbe  upward  reactions  of  the  abnts  are  naeqnal, 
as  are  also  the  aliearing  strains  in  tbe  two  portions  of  the  length  of  tbe  beam. 

_.  Her  dist  from  cen  of 

/9k  The.reac-       load  X  grav  of  load  to  th^^ 

im  ^}t^^l      =  oUierahVLt 

eitlier  abut     = 

Span. 

Art.  8.  In  Fi^  7  we  have  two  concentrated 
loads  of  3  tons  each,  and  each  placed  at  a  dist 
from  an  abut  equal  tb^oao-tiiird  of  the  span. 
Here  it  might  be  supposed  that  the  shear  at 
any  point  might  be  found  by  simply  adding 
together  its  shear  by  Fig  6  and  that  by  Fig  6;  ^ 
l^ut  this  is  no>-ihe  case,  ezcept-for  those  points  " 
between  an  abut  Aud  the  load  nearest,  to  it.  At 
such  points  the  vert  forces  in  Fig  5  and  those 
in  Fig  6  act  in  the  tame  diredions^  and  thus 
assist  each  other  when  combined  as  in  Fig  7 ; 
while  at  the  sections  hfttwem  Vie  two  loads, 
they  act  in  cpposiie  directions^  and  conseqaeutly 
counteract  each  other. 

Thus,  if  we  compare  section  e  in  Figs  5  and 
6,  we  will  see  that  in  Fig  5  slice  nn  tends  to  slide 
downward  past  fc;  while  in  Fig  6  the  reverse 
is  the  case;  so  that  in  Fig  7,  which  may  b« 
regarded  as  a  combination  of  Figs  5  and  6,  these 
two  equal  and  onposlte  shearinn^ 
tendeiieies  t*onnleract  each  other, 
and  there  is  consequently  no  shear  at  c. 

Art.  9.  Similarly,  in  Fig  10,  the  shear  In 
"W  D  Is  equal  to  the  diffei'ence  (1  ton)  between 
those  (I  ton  and  2  tons,  respectively)  in  W  D  in 
Figs  8  and  9 ;  while  that  in  a  W  is  equal  to  the 
sum  (5  tons)  of  tliose  (1  and  4)  in  a  W  in  Figs  8 
and  9;  and  that  in  Dd  is  equal  to  the  sum  (4) 
6t  those  (2  and  2)  in  Dv  in  Figs  8  and  9. 

Art^  10.  The  following  general  rules 
are  illustrated  by  the  foregoing : 

Rule  1.  The  shearing  or  vert  strain  at 
any  point  of  any  beam,  fixed  or  supported  at 
one  or  at  both  ends, and  loaded  in  any  manner, 
is  equal  to  the  diff  between  the  upward  vert 
reaction  of  either  abutment,  and  any  load  or 
part  load  on  the  beam  between  that  abut  and 
said  point.  To  find  the  upward  reaction  of 
either  abut,  see  Art  T,  above. 

Rule  S.  Let  all  that  part  of  the  load  to 
the  right  of  the  given  section  be  called  R ;  and 
that  to  the  left  of  it,  l..  Then  the  shearing 
strain  at  that  section  will  be  equal  to  the  diff 
between  that  portion  of  R  that  goes  to  the  hft- 
hand  support,  and  that  portion  of  It  that  goes 
to  the  rtpA^-hand  support. 

Rem.  1.  In  applying  either  of  these  rules 
to  ft  section  immediately^  under  or 
over  a  concentrated  load,  its  at  W, 
Fig  9,  or  concentrated  poi-tion  of  a  load,  as  at 
"W,  Fig  10,  we  must,  theoreticaUy^  consider  the 
section  as  being  the  dividing  line  between  the 
two  portions  of  said  concentrated  load  or  part 
load  which  goto  the  two  abuts  respectively j 
and  must  regard  said  portions  as  forming  parts 
of  the  loads  on  the  two  portions  into  which 
the  given  section  divides  the  beam. 

For  instance,  in  Fig  10,  at  any  point,  P,  be- 
tween a  and  W,  Rule  1  gives  shearing  strain  = 
load  between  o  and  P  =  6  —  0  ==  5  tons ;  or,  =  load 
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oetweeii  v  and  P  ^upward  reaction  at»  =  9  —  4  =  6  tons;  and  Rule  2  gives  shear- 
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insrstraia^a  portion  of  BK«tnirto»~pArii«iiof  Lgoiog  t09t«ff~0«>5  toni. 
But,  nt  W^  ihe  wt  of  6  tons,  retntog  tb«re,  divide* ;  two-thirtU  of  It,  or  4  tons, 
going  to  «,  and  ooe^tbird,  or  2  tont,  to  ».  Tber^fore  "  L  "  (or  load  to  the  left  of 
W)  =  §W  =  4ton8;  and  "R»' (or  load  to  the  right  of  W):^'the  reroiiininir  2toni 
of  W,  +  D,  3  tona,  *»•  5  tons.  Here,  Rule  1  gires  shear  at  W  »«  upward  reactioa 
at  a  —  load  between  a  and  W  =» 6  —  4 «» 1  ton ;  or,  shear  at  W '■load  between  » 
and  W  —  upward  reaction  atvs.5  —  4=3l  ton ;  and  Rule  2  gives abaar at  W « 
one-third  of  D,  or  one  ton  of  R  going  to  the  I^^ft  abut  at  a. 

But  in  pracUee  It  Is  umt^r  to  iiefpl«ct  •noli  refln«in«iii,  and 
to  cousider  the  section  W  tis  having  a  sliear  equal  to  the  greater  of  the  two  ah»ars 
on  each  side  of  it,  or,  in  this  case,  equal  to  the  shear  at  any  point  between  a  and  W, 
or  5  tons. 

The  following  are  applications  of  Rules  X  and  2: 

Rem.  2.  The  shearing  force  at  any  cntss  section  of  a  castllever  (a  project- 
ing beam  fijced  at  one  end  and  free  at  th«  other),  no  malter  bow  tlie  load  Js  disposed, 
is  equal  to  the  wt  of  tliat  part  of  the  beam  and  Its  load  which  is  batweea  said  saction 
and  the  free  end. 

ArU  11.  When  a  beam,  av.  Fig  11,  Mippart«a  at  bath  anfla,  is 
Muijfernily  laaded  tliraiiffliaai«  the  shearing  strain  is  grMttsat  at  the 
abuts ;  at  each  of  which  it  is  e^ual  to  half  the  load,  from 
e.ich  support  it  diminishes  unifomilj  to  the  center,  where  it 
is  zero.  Therefore,  if  we  maJie  a  I  and  v  r  each  equal,  by  scale, 
to  half  the  load,  and  from  I  and  r  draw  straight  lines,  Jc  ana 
r  c,  to  the  center,  c,  of  t-he  span ;  then  a  vert  line,  as  o  «,  drawn 
firom  any  point,  o,  in  the  bea«i,  to  either  line,  as  ic,  gives  the 
ahearing  force  at  said  point,  o. 

Art.  12.  When  a  beam,  a  v.  Fig  12,  siip|>ort«4  at 
botli  en4»9  is  anlforinly  laaded  from  on«  af  Its  supports,  as  r, 
part  wajr  across,  say  to  •».  as  when  a  train,  as  long  as  the  span,  or  longer, 
conies  part  «eay  i^on  a  bridge,  the  greatest 
shear  is  at  the  abut,  jr,  and  i«  equal  to  the 
portion  of  the  load  borne  by  that  abut.  From 
that  point  it  decreases  uniformly  to  zero  at  a 
aero  point, «,  which  is  always  within  the  load 
itself.  To  find  the  dlst,  a  s,  of  the 
m^ro  point,  m<,  f^om  n«  when  the  load 
extends  from  v  any  given  dist,  aa  «  n,  toward 
a. 

Twice    .  Length,  vn,  of  bridge  .  ,  Said  covered  .  _         «■•*»«  = 
the  span'      occupied  by  load      *'    length,  ri»    •"'•      »■•»•»      -^—. 
The  t^fro  point  of  ihear  is  also  the  section  of  greaieal  moment  of  mpturt. 

From  the  zero  point,  the  shear  again  increases  uniformly  to  the  end,  n,  of  xh% 
load,  and  at  the  same  rate  of  increase  as  from  «  to  v.  At  n,  and  from  n  to  the 
other  abut,  a,  the  shearing  strain  is  equal  to  the  portion  of  the  load  snsUined 
bv  said  abut, «. 

Art.  13.    Fig  13  shows  the  shearing  strains  which  take  place 
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saccessiTely  at  a  »iven  Poinf,.6,in  a  bridge,  0-8  while  a  tro^^^ 

as  the  bridge,  comes  upon  it,  passes  acrosB  it,  and  leaves  it,  all  in  the  same  directioa. 
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It  «l«o  shows  the  snecewil  ve  vIleAm  nt  «aeh  A%itt  during  the  pasoage  of 
the  trAiu.  The  train  is  supposed  to  move  in  the  direction  of  the  arrow,  or  from 
right  to  left,  and,  fur  convenience,  is  supt>osed  to  be  of  uniibrm  wt  per  ft  run  through- 
out. The  several  shearing  strains  are  found  by  Art  12.  The  vertical  distances, 
8-<  and  S-g,  ara  made  each  equal,  by  eoile,  to  half  the  wt  of  the  train,  which  is 
equal  to  the  shear  at  0  or  at  8  when  the  head  of  the  train  is  at  8;  and  when,  con- 
sequently, the  train  just  covers  the  span,  as  iu  Fig  11.  (It  most  be  borne  in  mind 
that  we  neglect  the  wt  of  the  bridge  itself.) 

The  vert  lines,  6-^,  11-/,  fto,  show,  by  the  SMne  scale,  the  anMnmtt  of  shearing 
strain  at  8  when  the  head  of  the  train  comes,  respectively,  to  6, 11,  Ac.  Similar  vert 
lines,  drawn  from  points  in  the  hor  line,  10-d,  to  the  Im^r  curve,  IQ-g-d,  would  show 
tiie  corresponding  vert  strains  at  0;  and  the  heavy  yert  lines,  4-m,  fV-d,  8-A,  10-f, 
Ac,  from  16-0  to  tlie  heavy  curve,  16-14-<l-0,  show  the  snccesdve  Shearing  strains  at 
the  point  6,  tm  the  head  of  tlie  train  reaches  4,  6,  8, 10,  Ac. 

It  will  be  noticed  that  At  eaeli  Abnt  the  shear.  Just  before  the  train  touches 
the  bridge  at  0,4s  sen) ;  and  that  it  increases  until  the  train  Just  covers  the  bridge, 
when  it  is  equal  to  half  the  wt  of  the  train,  as  iu  Fig  11.  It  then  decreases,  reaching 
rero  agafb  whenHhe  rear  ef  thfr  trtrfn  leaves  the  bridge  r«  8.*  Out  at  any  interme- 
diate point,  as  6,  the  shear  increases  from  Mto  tintil  the  head  of  the  train  comee  to 
said  point.  During  this  time  the  shears  at  the  point  are  the  same  as  those  at  the 
abut  8  beyond  it  (see  m.  Fig  12X  and  consist  solely  of  shearing  strain  passing  through 
it  lo  that  abuL  But  now  the  point,  6,  begins  to  pass  strains  to  both  abuts,  and  con- 
tinues to  do  80  until  the  rear  of  the  train  has  passed  it.  These  opposing  strains 
partly  neutralise  each  other  (see  Art  8) ;  and  the  resultant,  or  renuiining,  shear  at  V 
diminifhes  until  the  head  of  the  train  reaches  suck  a  point,  «,  that  6  becomes  the 
zero  point.  It  then  aniin  increases  until  the  head  of  the  train  reaches  14.  The  rear 
of  the  train  is  now  at  6.  From  now  uii  all  the  shear  going  to  0  (and  no  ether)  passes 
through  6.  OotiBeqi>ently,fhe  shear  at  6  is,  fhmi  now  on,  the  same  as  that  at  0,  and, 
like  It,  decreases,  and  beoontes  seTo  as  the  rear  of  the  train  leaves'the  bridge  at  8. 

The  srentesi  sliear  that  can  occur  nt  any  ariiren  point  is  wtien  the 
longer  segntent  of  the  span  is  loaded  to  that  point.  It  n  then  greater  at  that  poM 
than  when  the  whole  span  is  loaded. 

*  But,  as  indicated  by  the  two  curves,  O-e-16  and  0-^16,  the  shearing  strains  at 
the  two  abutments,  8  and  0,  do  not  Increase  and  decrease  uniformfy  or  equally. 
Thus:  at  the  left  abutment  8  (see  upper  curve  0-e-ld),  the  increase  of  shear,  as  the 
train  comes  upon  the  bridge,  is  at  first  slow,  and  afterward  more  rapid  as  the  head 
of  the  train  approaches  8.  Similarly,  tho  decrease  at  8,  as  the  train  leaves  the  bridge, 
is  at  first  slow,  and  afterward  more  rapid  as  the  rear  of  the  train  approaches  8.  At 
the  right  abutment  0,  the  exact  reverse  of  this  is  the  case.  The  shearing  strains  at 
the  two  abutments  are  not  equal  at  any  given  moment  except  when  the  train  coven 
thie  entire  bridge,  and  when  there  is  no  train  on  the  bridge. 
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BITETED  eiBDERS. 

Art,  1.    PlAte  srtrders»  Figs  21, 22,  and  23;  and  box-frlrdera.  Figs  24 
and  25  ;  with  hor  flanges,  and  supported  at  both  ends.    In  theie,  it  is  usual,  and  suf- 


Fig.SS. 


Figr.24. 


flciently  correct,  to  assnme  for  conTenience  that  the  /lan^  sustain  ail  of  the  hor 
stntins.  and  no  other ;  and  tliat  the  web  sustains  only  ^e  vert  strains. 
Ob  tiiis  assumption. 


The  total  hor  eompr«sstve 
or  tensile  strain,  in  Iba,  in 
eiliier  flange,  at  any  point  in 
tlie  span,  is 


Moment  of  rupture,  in  ft-lbivat  that  point, 

as  fouud  by  pp  481,  Ac 

The  vert  diet  in  ft  between  the  centers  of 
gravity  of  cross^ectioa  of  the  two  flanges 
at  the  same  point. 

If  the  moment  of  rupture  is  in  incfi-tont,  the  vert  diet  must  be  in  tfut,  aud  the 
flange  strain  will  be  in  t&nSf  Ac,  kt. 

Total  strain  in  one  flange,  found  as  above 

Area  of  cross-section  of  one  flange  in 

sqins. 


Flange  strain  p«r  square  ln«b  > 
of  cross-section  of  flange  / 


Art.  8.  The  total  strains  on  the  two  flanges  at  any  given  point  in  the  ^Mtn,  are 
plainly  equal  to  each  other ;  but  that  on  the  upper  flange  is  of  course  compressive ; 
aud  that  on  the  lower  one,  teiuiU* 

Inasmuch  as  the  vert  diet  between  the  cens  of  grav  of  cross-section  of  the  two 
flanges  is  approximately  the  same  throughout  the  span,  the  strain  on  either  flange 
at  any  point  may  be  taken  as  proportional  to  the  ^moment  of  rupture  of  the  girder 
at  tliat  point.  Therefore,  if  we  draw  a  diagram  of  these  moments,  as  dire(*ted  for 
tarious  methods  of  loading,  in  pp  482,  Ac,  and  let  any  one  of  the  ordioates  equal 
by  scale  the  flange  strain  at  that  point;  then  the  other  ords  will  give,  by  tlie  same 
scale,  the  flange  strains  at  their  respective  points. 

Art.  8.    Areas  of  cross-section  of  flanges. 


Hinimnni  allowable  area 

in  sq  ins  of  effective  cross- 
seetlon  of  lower  flang^c  at 

any  point  in  the  span. 


Tensile  strain  in  lbs  on  the  flange  at 
tne  given  point,  as  fonnd  by  Art  1 
'  Safe  tensile  strength  of  the  metal  in 
lbs  per  sq  inch 
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The  effeetiwe  eross^ieetion  of  tb«  lower  flancre  is  =  ^e  croas 
section  of  the  flange  plate,  j)2w  tliat  of  both  legs  of  both  the  angles  that  fasten  it  to  the 
web.  minns  the  riTet  holes.  When  the  rivets  are  staggered,  as  in  Fig  25  A,  it  Ib 
nsual  to  consider  the  effective  section  as  eqnal  to  a 
net  section  taken  on  a  staggered  line,  X  A  B  C  D  Y« 
between  the  rivet  holes,  the  oblique  lines,  A  B  and 
C  D,  being  taken  at  only  (liree-fouHh$  of  their  actual 
lengths.  But  if  this  should  give  a  less  area  than 
would  be  obtained  by  deducting  the  area  lost  in  all 
of  the  holes,  from  that  of  the  full  croBS-oection  on 
the  ttraight  line,  X  T,  then  this  last  is  taken  as  the 
effective  area.  Fig  2d  A  Is  a  plan  of  part  of  the 
lower  :flange  of  a  plate  girder.  F  F  are  the  pro- 
jecting edges  of  the  flange  plate.  H  H  are  the 
horisontal  legs,  and  Y  Y  the  vertical  legs,  of  tlie 
-wr^ri,   OK   A  angles  by  which  the  horizontal  flange  plate,  F  F.  is 

J5iSi  A^o  -A.  joined  to  the  vertical  web.  W,  of  the  ^rder.    The 

rivets  joining  the  vertical  legs  Y  of  the  angles  to  the  web  plate  W,  fire  omitted 
*n  the  fienre  to  avoid  confusion. 

For  girders  supporting  quiuctfd  loads,  such  as  walls,  floors,  Ac,  the  SAfe  ten- 
Bile  streniptli  is  usually  taken  at  about  10000  lbs  per  sq  inch  for  wrought-iroa 
such  as  is  used  In  girders ;  but,  for  railroad  bridgesAvom  6000  to  7000  lbs  per  sq  inch. 
Having  decided  upon  the  thape  of  the  upper  flanee,  its  area  of  cross-section 
may  be  found  by  means  of  the  rules  for  iron  pillars,  p  430^etc. 

If  the  flange  is  of  the  usual  T  shape: 

Square  of  least  radius  )  _  ( Approx)  square  oi  width  of  flange 
of  gryration  J"  in  ins -^  22JS. 

The  eflTectlTe  eross-seetion  of  ths  upper  flange  is  equal  to  its  entire  sec- 
tion, because  the  loss  of  metal  occasioned  by  punching  the  rivet  holes  is  compen- 
sated  by  the  rivets  Uiemselves,  which  also  resist  compression. 

Art.  4.  The  widtii  of  the  upper  flangre  is  governed  by  the  length  of 
the  greatest  longitudinal  distance  between  those  supports  which  prevent  the  girder 
from  yielding  sideways.  Thus,  in  railroad  girdere,  these  supports  consist  of  the 
transverse  bretoing;  and,  in  order  that  the  flange  may  contribute  suflBcient  lateral 
stiffness  to  the  girder,  it  is  usual,  in  single-web  girders,  to  make  its  width  not  lest 
than  about  one-twelfth  of  the  greatest  longitudinal  distance  between  tho  points  of 
attachment  of  tliat  bracing.  In  buildings,  where  the  load  is  quiescent,  one-twentieth 
is  the  usual  minimum.  In  these,  however,  there  is  f^quentfy  no  sideways  support 
between  the  abutmeuts,  so  that  the  proper  width  of  flange  becomes  one-tweutieth 
of  the  «]Min. 

Since  the  lower  flange  is  in  tension^  its  width  is  a  matter  of  minor  importance  (pro* 
vided  sufficient  area  is  given),  and  is  generally  fixed  by  considerations  of  practical 
convenience. 

Art.  5.    As  tbe  moments  of  rupture  increase  as  we  prc»eeed 

firom  tiie  ends  of  the  span  toward  its  center,  the  total  flange  strains, 

aind  the  required  area  of  cross-section  of  flange  to  withstand  them,  increase  in  the 

same  proportion.    The  width  of  each  flange  is  usually  made  uniform  throiighoat 

the  span,  and  the  required  increase  of  area  is  given  by  increasing 

their  thickness.    This  is  done  by  increasing  (toward  the  center)  the 

nwmher  ofpUUei  of  which  each  flange  is  conposed.    The  platea  and 

angles  composing  a  flange  are  rive1»d  together  throughout  their 

length.     When  a  flange-plate,  or  flange-angle,  is  too  long  to  be 

made  in  one  piece,  the  two  lengths  which  compose  it  must  be 

joined,  where  they  abut  together,  by  special  splices  or  **  covers " 

'  (see  butt-joints  hi  ''Riveting/'  p  460).    In  thus  splicing  the  angles, 

A  A,  Pig  25  B,  rolled  ^  annrle-^OTerSy"  a  o^  about  two  feet  long, 

are  used. 


Fiff.25.B. 
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Airt.  6.  RiTets.  The  veH  riTeto  ia  the  flanges^  whieh  join  together  the 
flange-plates  and  the  bor  legs  of  the  flange-angles,  are  generally  so  spaced  that  their 
^^pilAeli,*'  or  dist  apart  from  cen  to  cen  in  a  line  parallel  with  the  length  of  the 
girder,  is  from  2\4  to  6  ins.  Where  the  flange  is  made  ^p  of  two  or  more  plates,  as 
in  Art  5,  the  added  plates  are  made  so  much  longer  than  the  langth  required  by  the 
moments  of  rupture,  as  to  give  room,  outside  of  said  required  length,  for  a  suflBcient 
number  of  rivets  to  transmit  to  the  plate  its  share  of  the  longitudinal  flange  strains. 

The  hor  riyets  joining  the  tert  legs  of  the  flange-angles  to  the  web-plate ;  and 
those  used  in  splicing  together  the  several  lengths  of  the  web-plate ;  may  be  spaced 
by  the  following  rules : 

Oreatest  allowable  Strain  }      tjooo  v    Crippling  area  of 
on  each  rivet,  in  lbs         J  ™  ^^^^'^  ^  one  rivet,  in  sq  ins. 

Tbe  erlpplln^p  area  of  a  rivet,  in  sq  ins,  is  =  its  diam,  in  ins  X  the  thickness 
of  the  weh-plttte,  in  ins. 
In  buildings,  ^c,where  the  load  ia  stationary,  16000  may  be  used  instead  of  13000. 


Nnmber  of  rivets  in  the 


Total  vert  or  shearing  strain 


depth  of  the  girder  between  /  at  the  joint,  in  lbs, 

flangennvot    lines;     or   in    a  V  =»  — r= ^, -— — — 

length  of  flange  equal  to  said  C  Greatest  allowabe  strain 

depth  "      -^  1  Qj^  ^nfi,  rivet,  in  lbs 


Tbe  vert  or  skearlnv  strain  may  be  found  by  pp  532,  Ac. 
If  this,  in  any  case,  makes  the  pitch  of  the  rivets  less  than  about  2}^  ins,  the  thick 
nees  of  tbe  web-plate  should  be  increased. 

Art.  7«  Tbe  web  has  to  resist  the  vert  forces  acting  npon  the  girder,  and  to 
transmit  them  to  the  abuts.  In  doing  so,  it  is  regarded  as  acting  like  the  web  mem- 
bers of  the  Pratt  truss.  Fig  31,  p  695.  In  that  truss  the  compressive  strains  are  re- 
sisted bj  the  vert  jToxte;  and  the  teruUe  strains  by  the  main  obliques,  cce.  In  the 
plate  girder,  vert  stiffeners  of  angle  or  T  iron,  riveted  to  the  web,  take  tbe  place  of 
the  vert  posts,  and  resist  the  crushing  strains;  while  the  web  itself,  in  the  panels 
between  the  stiffeners,  takes  the  place  of  the  obliques,  and  resists  the  dlag  tensile 
strains.  For  tbe  vert  strain  at  any  point  in  the  span,  see  pp  632,  Ac, 
Tbe  dUiff  tensile  strain  on  tfar  web  wiU  be  =» 

Said  vert  strain  X  length  of  diagonal  drawn  across  a  panel 
depth  of  girder. 

This  last  strain,  however,  need  not  be  specially  considered ;  because,  if  the  web  is 
made  strong  enough  to  resist  the  crippling  tendeucy  of  the  rivets,  it  will  also  be 
strong  enough  to  resist  the  d!ag  tensile  strain. 

Art.  S.  Tbe  longitudinal  hor  cllat  between  two  stlfTeners  is  usually 
made  about  equal  to  tbe  depth  of  tbe  girder ;  except  that  it  is  seldom  less  than  about 
3  ft,  or  more  tlmn  6  ft,  whatever  Uie  depth  of  the  girder  may  be.  The  stiffeners 
are  generally  placed  somewhat  nearer  together  towara  the  ends  of  the  span  than  at 
its  center. 

In  such  railroad  bri^go?  as  Nos  4  and  0,  in  our  list,  p  645,  in  which  the  road  is  car- 
ried by  transverse  floor  girders;  a  heavy  stiffener  is  placed  at  the  end  of  each  floor 
girder.  The  stilTeners  are  thus  about  8  ft  apart ;  and,  as  this  exceeds  considerably 
the  usual  limit,  a  lighter  stiffener  is  placed  between  each  two  of  the  principal  ones. 
Bee  foot*note  f ,  p  646. 

Art.  9.  Dimensions  of  stiffeners.  I^nd  by  pp  632,  Ac,  the  vert  strain 
on  the  girder  at  the  point  where  the  stifl'ener  is  to  be  placed.  Then,  having  decided 
upon  the  shape  of  the  stiffener,  find  its  area  of  cross-section  by  means  of  the  rules  for 
iron  pillars,  pp  439  etc. 
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If  the  stiffener,  as  lutnl,  is  of  angle  iron,  or  T  iron,  riveted  to  the  dppotite  Mea 
of  the  web  plate ; 

Square  of  width  of  stiffener  in  ins  ' 
Square  of  leasi      )  _  /  a-^-^-own   measared  transversely  of  the  girder 
ratlias  of  ipjrraUon  /  ~  v^pp«^»; __ 


22.5 

In  order  to  have  as  great  a  radius  of  gyration  as  possible,  the  narrower  leg  of  an 
angle  stifTeuer  (if  the  legs  are  unequal)  is  riveted  to  the  web,  leaving  the  wider  ooe  ' 
projecting. 

The  area  of  hor  cross  section  of  the  small  portion  of  the  web  between  the  two 
angles  or  T's  of  the  stiffener,  is  included  in  that  of  the  stifTener;  but  that  of  any 
packing  pieces  (see  foot>note  J,  p  545)  is  not, l>ecause  the  latter  liave  uo  firm  beariug 
u(>on  the  flauges  of  the  gii'der,  and  ^erefore  give  comparatively  littlQ  support  to 
the  stiffener. 

Art.  10.  As  already  stated,  if  the  web  is  proportioned  as  in  Art  6,  so  as  to  b« 
of  sufficient  thickness  to  be  safe  against  crippling  by  the  rivets,  it  will  also  be  strong 
enough  to  resist  safely  the  tensile  strain. 

Art.  11.  The  web  may  also  he  regarded  as  resisting  the  viieariiisr  '"^ 
buefeling^  tendencies  of  the  vert  strains  in  the  gifder.  The  fUQOUQl  of  the  vert 
strain,  at  any  point  in  the  span,  may  be  foUnd  by  pp  632,  Ac. 

The  average  ult  shearing  strength  of  rolled  bridge  plate  is  about  45000  lbs  per  sq 
inch ;  and  its  safe  strength  say  9000  lbs;  but,  owing  to  the  considerable  depth  of  tbe 
web  as  compared  with  its  thickness,  it  is  more  liable  to  fail  through  buckling.  In 
resisting  the  buckling  tendency,  it  acts  like  a  flat  column ;  and  its  ult  load  may  be 
found  approx  by  the  following  formula,  which  if  aitiilar,  in  iiriBOlple,  to  UuA  ned 
for  columns: 

mt  bnekltniir  load)    ^  ^^^^^ 


ch  of 


in  lbs  per  sq  inch  of  vert  y  depth*,  in  ins 

cross-section  of  web  )         ■I  +    lOOO  X  thicknesflS,  in  ins 

in  which  30000  is  taken  as  the  ult  crushing  load  in  lbs  per  sq  inch,  of  wrought  iron 
in  short  blocks. 

Ult  buckling  load 

Safe  bncfeUnff  load  =        Factor  of  safety,  say  from  3  to  6  according  to 

clreutnstaneet 
Art.  12.  In  tbe  box  girder,  Figs^  and  25,  if  we  eodld  be  oertnio  tint 
the  strains  were  equally  divided  between  the  two  webfi^that  on  either  one  would 
of  course  be  W/that  as  found  for  the  whole  girder;  but  in  practice  one  web  is  likely, 
through  unavoidable  inaccuracies  in  riveting,  Ac,  to  receive  more  than  its  share  of 
the  strain  ;  and  considerable  margin  should  be  allowed,  according  to  circumstances, 
to  cover  this  uncertainty. 

For  this  reason,  plate  irlrders  are  more  eeonomlcal  than  box  girders. 
They  have,  also,  tlie  advantage  of  being  more  readily  accessible  for  inspection,  re- 
pairs,  painting,  tc.  On  the  other  hand,  box  girders  baire  ir>*cAter  lateral 
stability. 

Art.  13.    FormnlsB  for  the  ultimate  cripplings  streng^th  of  w«11  made 

plate  and  box  girders,  so  proportioned  as  to  be  secure  against  buckling  and  against 

yielding  sideways,  and  loaded  with  a  quiescent  weight ;  taking  the  breaking  tensile 

strength  of  wrought-iron  at  44800  lbs,  and  its  elastic  limit  at  half  this,  or  22400  lbs 

:  10  tons,  per  sq  inch. 

Area  of  cross      Depth  in  ins  between 
section        of  ^  the   cens  of  grav  of  ^  vgAQ 
=  lower   flange  ^  cross   section  of    the  ^  ^^^ 

in  sq  ins flanges,  at  cen  of  span 

Span  in  feet. 

The  load  so  found  is  that  which  would  cripple  the  girder  by  bending  it  beyond 
recovery.    Calling  it  W ;  then 

half  the  wt  of  the 
Quiescent  extraneous  crippling  load  in  lbs  »  W  —  clear   span  of  the 

girder  in  lbs. 
Quiescent  distributed  crippling  load  in  lbs,  including  )        twi^A  vr 
the  wt  of  the  clear  span  of  the  beam  f  ^  '^**^  "  * 

Quiescent  extraneous  distributed  crippling  load,  In  lbs  a* 

/'twira  w^      weight  of  entire  clear  spaa 
(twice  W)  —  ^j  ^^^^  jjj  jj^ 

In  railroad  bridges,  a  Ihctor  of  safety  of  3  is  used  with  the  above  loads. 


Quiescent  cen 
crippling  load, 
including  }^ 
the  wt  of  clear 
span  of  girder  ^ 
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Art.  14*    Itonnato  far  4efl«etlMi«  withiii  the  lUilt  of  clMtleity  i 


Defleetton  in  ins  at  center  of 
ipan  nnder  a  nmllbrHitly  dl* 


}- 


Load  in  topg  of  2240  Ibt  XSpao*.  ft 


xw  X  lieptiii,  lot  X  of  on*  flange  in  sq  int 


B»eflectlon  in  ins  at  center  of  )  Load  in  tons  of  2240  U«  X  Span*,  ft 

spHD  under  a  oniefieent  eon* )-  =  AiikA~^ir~^r,^*M"^niT^ 

It  is  Yery  Importaat  that  the  rlTet  bole«  in  the  i^reb  should  ap^  exactly  in  sixe 
and  poeitiou  with  th«  corresponding  bolee  in  the  vertical  legs  of  the  flange^nglee; 
M  Otherwise  considerable  deflection  may  take  phM:e  while  the  riyets  are  coming  to 
their  bearings,  and  nndae  strains  be  brou^t  upon  the  web. 

Art.  15.  The  following  are  the  rMinlte  •£  an  experiment  with  a  box 
beam  like  Pig  26  made  .by  Trenton  (N  J)  Iron  Co.  Channels  6  Ins  X  «k  in«  X 
^iacb.  Sides  %  Inch  thick,  18  ins  deep.  Weight  207  lbs  per  yard.  Length  20  ft 
8  lus;  ^lear  span  10  ft  6  ins.  The  ends  steadied  sideways,  bat  otherwise  uuconflued. 


Cen  load/Iba 

Def.  Ins. 

Cen  load,  lbs. 

Def.  Ina, 

0 

14 

76862 

IH 

12900 

A 

InterTalof26days. 

19920 

81342 

Ij 

24230 

t^ 

85624  at  once  a 

1  i 

28744 

U 

ci-ackling        noise 

82284 

commenced.    In 

87844 

JL 

10  min, 

2^ 

42387 

78 

In  1  honr, 

46923 

._. 

90302 

sV 

51409 
66985 

H 

Witha«t<fedeflnof 

Ijl 

This      increased 

60553 

until  the  side  plate 

B  gave  way 

65069 
69954 

'p. 

at  their  bottom  e<j 
hour. 

ges,  in  an 

Art.ie, 
Weli^lit    of 


/  Ai-ea    of   vert 


entrreeirder of  J       /  ^'^^^  aection  of        «o„6 *„ 
.."VZ®J*"*®'°^  J.  =.  I  plates  and  an-  X  of  girder  X  10 


uniform  cross  f 
wctfon,  in  Ibfl  J 


\  glesalone^iarBq 
^ins 


Length 

^  of  girder  , 

kn  yards 


I      Allowance  Allowance 

,   for     fteucb  ,  for       vert 

"•"  alone     of  "'  stifleners, 

rivets  Ac. 


1^6  welcrlli  off  the  two  heads  off  a  rliret,  after  driving,  may  l>e 
f(><ighly  taken  as  averaging  about  two-thirds  of  that  of  the  entire  rivet.  More 
exactly: 


If  the  df am  off  rivet  is 

the  welgrlit  off  Its  2  heads  is 


.167 


M   i 


%inch, 


ribs. 


^  Kiveted  girders,  ei*ected,  cost,  per  pound,  about  twice  as  much  as  the  plates. 

8eep40!i. 

Art,  17.  The  plates  are  nsnally  from  U^ to  %  inch  thick,  and  fW)m  1 
ft  wide  up  to  20  tt  long,  to  6  ft  wide  up  to  16  ft  long.  The  angrles  (see  pp  625.  ±c) 
ate  from  2UX23^X%to6XOXl  inch.  The  riirets  (see  pp  469,  Ac)  are 
from^  to  1^  ins  diani,  usually  §^  inch;  and  are  spaced  from  2V^  to  6  ins  apart 
from  center  to  center.    This  dist  from  cen  to  cen  of  rivets  is  callea  their  pitch* 
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Art.  18.  Il«a  M,  27,  and  28  illiMtnito  BsftlHids  of  Mteehitt^  *!>•  ▼«rt  •tiffnwm 
to  the  webs  of  the  girders.  Kormerly,  they  were  sometimes  beut,  both  at  top  and 
•t  bottom,  m  at  1 1.  Fig  28,  in  order  to  pass  the  hor  angle  irons  of  the  flaages.  Now, 
however,  their  upper  and  lower  ends  generally  abnt  MSiurely  af(»iBfti  ibe 
kor  flansres  of  those  angles,  as  in  Figs  28  A,  28  B,  28  0,  and  28  D;  and  aboukl  be 


Plfir.28. 

trimmed  to  fit  them  closely.  Different  methods  are  employed  to  eaable  tlie 
ntiflTeners  to  pass  the  vert  finu^e»  of  tbe  angrles.  Sometimes,  as  in 
Figs  28  A  and  28  B,  '*  packing  pieces  "  (flat  bars  of  rolled-iron)  are  placed  between 
each  stiffeuer  and  the  web;  sometimes  the  npper  and  lower  ends  of  the  flange  of  the 
stifTener  are  cnt  away,  as  at  a  a,  Fig  28  C ;  and  sometimes  the  stilfeners  are  crimped 
or  bent  slightly,  as  in  Fig  28  D. 


B^g.08  Q 


B'iS.SSr) 


Art.  10.  In  cases  where  a  girder  is  placed  directly  under  each  rail,  the  dint 
apart  of  the  two  grlrders  of  a  single  track  bridge  is  about  5  ft.  Frequently, 
however,  and  especially  iu  long  wnns  in  order  to  give  the  bridge  eufBcieut  lateral 
stability,  the  main  girders  are  placed  further  apart;  and  the  cross-ties,  T,  Fig  28  B, 
on  which  the  rails  rest,  are  then  carried  by  lontritndinal  stringers,  S,  of  iron  or  tim- 
ber, which  rest  upon  transverse  floor  girders,  F ;  and  these,  finally,  rest  npon  the 
main  girders,  G.  In  such  cases  the  latter  are  generally  about  12  ft  apart  for  single 
track,  or  where  3  girders  are  used  for  double  track.  Where  only  two  girders  are 
used  tor  double  track  they  are  placed  about  16  ft  apart. 

The  trausvene  floor  girders  are  generally  about  8  ft  apart.  They  have  a  Tert  stiff- 
ener  under  each  rail,  and  frequently  others. 

Art.  20.  Where  transverse  floor  girders  are  used,  they,  with  light  hor  diag  ten* 
Mon  rods,  give  suflicient  lateral  braclnir;  but  where  these  are  wanting,  aa  in 
Fig  28  A,  special  tmosverse  strut-ties,  T,  Ac,  are  U3ed.  They  are  generally  made  of 
angle  or  T  iron. 
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Fig  28  B  shovs  one  of  the  side  girders,  G,  sod  parts  of  the  tranererw  girder,  P,  4c, 
of  bridge  No  6.  As  in  Nu  4,  the  lower  flange  of  the  tnwsk  stringer.  S.  conawta  only 
of  the  bor  legs  of  the  two  angle-bars,  and  has  no  flnuge-plate  proper.  It  rests  npon 
plates,  P,  ^  X  8>^  X  »  ina,  through  which  pass  the  rivets  which  fasten  it  to  tlis 
flange  of  the  tranarerse  girder.  .    ^  j  *    *».         „j 

The  tnwrk  stringers  are  sUyed  by  bent  plates.  B,  which  are  "▼«*Sf,*P,*°«™  *°5 
to  the  upper  flange  of  each  cross  girder.  A  is  a  transrerae  brace  of  2>^  X  ^54  X  /i 
inch  angle-iron.  One  of  these  is  rireted,  by  means  of  a  connecting-plaje,  to  the 
upper  flange  of  each  track-stringer,  at  its  joint  with  the  next  one.  The  plate,  O,  of 
%  inch  iron,  is  placed  betweea,  and  riveted  to,  the  two  inner  ^^^f^^^J^i/^ 
(only  one  shown),  and  two  angles,  L,  3  X  3  X  M,  and  two  others,  M,  2>4  X  3  X  9§. 


On  p  545  are  srf  veti  tHe  principal  dimensions,  welgrhts,  Ac« 

for  different  spans.  The  numbers  (I,  2,  3,  ♦,  6,  6)  are  our  own,  and  are  used  >n®^*''{ 
for  convenience  of  reference.  Where  the  ghders  are  6  ft  apart  (Nos  1,  "2,  a,  *^^^) 
the  bridge  is  for  single  track,  the  crose-tles  rest  directly  upon,  and  are  notched  to, 
the  upper  chords,  and  one  rail  is  placed  directly  over  each  girder.  No  6  is  for  double 
track,  and  the  roadway  is  arranRed  as  sliown  in  Fig  28  B.  No  4  Is  also  for  double 
track,  with  roadway  as  in  Fig  28  B,  except  that  the  track  stringers,  8,  rest  npon  the 
lower  chords  of  the  transverse  girders. 

The  lower  flange  of  each  main  girdor  is  riveted,  at  each  end,  to  a  rectangular 
rolled-iron  ''t»ointer  plate,"  which  rests  upon  a  slightly  larger  "wall 
plate.''  The  two  plates  are  held  to  the  abut  by  two  boltH  which  pass  throogli 
Doth  of  them.  At  one  end  of  the  span,  the  bolt  holes  in  the  bolster  plate  are  slightly 
elongated  in  the  direction  of  the  length  of  the  bridge,  so  that  the  bolster  plate  may 
slide  on  the  wail  plate  when  the  girder  expands  and  contracts  under  the 
influence  of  heat  and  cold.  -^ 
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StandarA  Plate  GfrAers,  PennsylTfl 

For  loads*  see  page  546. 


Aflroad. 


Uength 

Spau* 

Dittt  apart,  cen  toeen. 

Approx  gross  wt,t  t>a 

One  fdrder,  alone  . . 

Two   girdort.    with 

tmnsverse  brao'g 

for  aiogle  track  . . 

Viddle  girder,  alone 

One     side     girder, 

aleae 

Three  girders,  with 
transverse  brac'g, 
fordonble  track.. 
Upper  flange,t 

Width 

Thickness. 
At  cen  of  span . . . 
At  ends  " 
Lower  flange,! 

Width 

Thickness. 
At  cen  of  spaa... 


Web-plate. 

Depth 

Tbickaeas 

Antrim  Bt*ff- 
ener». 

Site  §  at  oen  of  span.. 

"      at  ends  " 
Diat  apart 

At  ceo  of  span 

Near  ends  II  of  spaa 

Transwerse 
icirders. 

Dist  apart  oen  to  oen. 

Flaugcs 

Web 

Track 
stringpers. 

Upper  flange 

Lower    "      

Web 


83  ft 

25  to  son 

6  ft. 


IN  Ins... 
15-16  in.. 


l«lns... 
l&l«in.. 


MIns. 

Hln.. 


3  ft  6  Ins.. 
2  ft  4  ins.. 


40  to  45  ft 
6fu 


J770O 

Ula».... 

18  16  Ins. 
lin 

12  ins..., 

IX  «■•... 

I  in 

48  Ins.... 
«in 


iXiXH" 

3X4XH- 

4  ft  8  Ins.. 
3  ft  6  ins.. 


Mft6lni 
60  to&5fi 
5ft. 


17M0 
S9M0 

It  Int.... 

2  916  Ins. 
lln 

laioa.... 

68  1ns.... 
«»n 


8X4XH.. 
3X*XH" 


4  ft  10  Ins 
8  ft  11  ins 


n  ftfH  lai 

56  fi 

12  ft  s  Ins 

"WMO"* 


IIS006 
Uina... 


4  ins.. 
1  in... 


ao  ins.... 


00  Ins.. 
%  In... 


4  ft  2  Ins. 
4  ft  2  ins. 


8  ft  4  ins. 

9"X«"... 
WXH".. 


iH"XH'' 


64  ft  8  Ins 

bb  torn  ti 

6  ft 


16  Ins... 

It:.'!:: 

16  ins... 

IM  Ins.. 
I  in 

64  ins... 
Hln...- 


9X9HXH 
SHX3XXH 


4  ft  11  ins 
trt  11  Ins 


70  n  9i  IBS 
66  ft  A  Ins 
l2rtXiM 


141500 
Ulna 


*H  In 

1  to 


8  7.M  las 
1  in 


7S  Ins 
Hin 


4  ft  2  Ins 
4  ft  2  ina 


8  ft  3^  iai 
V'XH" 

wxH" 


8H"X716^ 

nvi'XM" 


*  Bj  **sp«ii  ^  here  is  meant  the  clear  distance  between  the  abuts,  taken  Just  below  the  coping. 
The  span  to  be  used  in  ascertaining  moments  of  rupture,  Ac.  is  measured  between  the  centers  of  the 
wall-plates  on  which  the  girder  rests ;  and  is  generallj  fVom  1  to  2  ft  less  than  the  length  of  the  girder. 

t  These  weights  include  the  weights  of  the  siw^e  rivets  (shanks  and  heads),  and  that  of  the  plate* 
tnd  angles  as  ordered  from  the  miU,  and  befbre  anj  subsequent  reduction  by  trimming,  or  bj  punch- 
ing for  rivet  hole«.  &c. 

f  Under  '*||ansc  "  we  inolade  not  only  the  hor  flange-pl<a«*,  but  also  the  hor  legs  of  the  two  angle- 
bars  by  which  nuid  flan«;e  T>lates  are  fastened  to  the  vert  web.  The  thiekness  of  these  angles  is  In- 
eluded  m  the  flance  tllteliBeM.  Together  they  are  generally  narrower  than  the  taage-plates^ 
By  **  widfli  of  flABKe*'  we  mean  its  yrtatest  width,  or  the  width  nf  the  widest  flange-plate. 

k  Each  T«ri  stUTener  has,  between  it  and  the  web,  a  **9acklas''  consisting  of  a  flat  bar  of 
rolled  iron  an  wide  an  that  leg  of  the  angl^  stiffener  which  is  fastened  to  the  web  of  the  girder,  or 
wider,  and  as  thick  as  the  angles  of  the  upper  and  lower  flanges.  As  shown  in  both  flga.  the  ttijfenota 
extend  between  the  hor  flanges  of  the  upper  and  lowef  angles ;  but  the  pntking  pieeta  only  betweea 
the  edg€»  of  their  vert  flanges.  The  packing  pieoes,  by  keeping  the  stiffeuers  away  from  the  web, 
lender  it  unneoessarr  to  bead  them,  as  at  j  i,  Fig  28,  or  as  in  Fig  28  D,  or  to  cut  away  part  of  their 
flaoKes.  as  in  Pig  28  0,  in  order  to  enable  tbem  to  pass  the  flange-angles. 

B  At  eaeh  end  of  the  spsB*  over  the  abuts,  two  or  more  vert  stiffeners  are  placed  on  eaeh  side 
of  the  beam  and  quite  near  each  other,  in  order  to  withstand  the  severe  strains  at  those  points.  One 
wide  psckinic  piece  is  placed  under  these  on  each  side  of  the  girder.  Across  each  end  of  the  girder  a 
'^t^^trf^mie'*  ^  riveted  to  the  end  stiffeners.  It  is  •Jbout  H  ltu>h  tbiek,  aa  wide  as  the  flanges 
(taperine  when  these  nre  of  unequal  width),  and  as  high  as  the  extreme  end  depth  of  the  B^^^''. 

f|-  |ff^-  4  grmk  0,  the  stifl'eners,  at  the  points  where  the  transverse  floor-girders  are  attaefvM, 
eonsist  each  of  two  angle-bars  placed  together  with  a  plate  between  them,  so  *%»<>  f®^"  » J*  ,_|iL! 
ancles  are  about  SHXbXH  Inch,  and  the  plates  between  them  are  about  «  X  8  »nch-_The  inter- 
nSSb^tlff^rrs  are  sinSelngle-Wt  with  packing  pieoes,  as  in  the  smaller  .pans.    See  Art  8. 
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The  bridffea  in  the  table  are  required  to  carry  saMy  ^ther  one  of  the  three  fol- 
lowing moving  loads,  A,  B,  or  C.  If  the  bridge  is  double  track,  it  mnst  carry  such 
a  load  on  each  track  at  the  same  time,  the  two  loads  headed  in  the  same  direction. 


"Typical " 

consolidation 

locomotive. 


Tender. 


"  Typical " 

consolidation 

locomotive. 


Tender. 


Train. 


O    O    O    Q 


>  ^  9 


ft.    7.6  4.6  4.5  4.5    10.6   5.0  6.5  6.0    8.0     7.5  4.64.54.6    10.6   5.0  6.5  6.0     3.0 
"Typical"     .^        _  "Typical 


passenger      [3 
locomotive. 


Tender. 


O    O    O    O 
6.0  6.6  6.0 


W 


passenger 
locomotive. 


?  9  QQ  , 

6.6  9.0  8.0     9.1 


Tender. 


Train. 


o  o  o  o 

6.0  5.5  6.0 


sT 


ft.    6.5  9.0  8.0     9:5 


Tender. 


0000 


6.0  4.7    13.3   4.8   3.7  4.8     5.0 


The  above  "  tjrplcal "  engines  were  de- 
signed (in  skeleton)  by  Mr  Wilson,  (or 
use  in  planning  bridges  for  the  Penna 
Train.   B  B.  They  were  purposely  made  some- 
what heavier  than  the  engines  actually 
..^x.,..^    in  use  on  the  road,  in  order  to  provide 
Q  4i  -     for  the  constantly  increasing  dimensioDS 
S  f-s     and  weights  of  the  latter,  which,  how- 
'^  p,^     ever,  are  fast  approaching  theee  **typ- 
I  ical "  figures.    Indeed,  the  Bhifttng  en- 

gine C,  here  given  ("  Class  M  **),  which 
is  in  actual  use,  produces,  with  certain 


lengths  of  span  and  panel,  greater  strains  in  a  trass  than  either  of  the  two  typical 
endues.  In  calculating  the  strains  on  web  members,  the  cross-girder  load  under  the 
foremost  pair  of  drivers  is  to  be  considered  as  the  head  of  the  train ;  any  load  upon 
the  preceding  cross-girder  being  neglected. 

Equivalent  uniform  loads.  Owing  to  the  great  diversity  in  the  design 
of  locomotives  and  in  the  distribution  of  the  load  upon  their  several  pairs  of  wheels, 
the  method  of  specifying  the  actual  or  assumed  wheel  loads,  as  above,  necessitates 
much  laborious  calculation  of  strains  by  bridge-builders. '  To  obviate  this,  Mr.  Geo. 
H.  Pegram,  C.  E.,  suggests*  that  the  strains  in  plate  girders  and  in  the  chcrdt 
(ta  and  mx,  Fig  13  f,  p  564)  of  trusses,  be  calculated  from  an  assumed  total  load  of 

[3000  ft»  H — X- )  X  span  in  ft^  uniformly  distributed  over  the  entire  span  as 

in  Fig  41,  p  483 ;  and  that  the  strains  in  the  weh  memher$  (a  x^c  r,  etc,  Fig  13  f)  of  trussM 
be  calculated  from  an  assumed  load  consisting  of  a  train  weighing  3000  ft)s  per  ft  run 
and  of  a  single  concentrated  load  of  3090U  &>8.  In  order  to  find  the  strains  on  the  several 
web  members  in  turn,  we  suppose  the  train  to  extend  from  one  end,  as  m  Fig  13  ^  of 
the  span,  first  to  o,  then  to  p,  etc,  and  thus  to  each  panel  point  in  succession ;  the  con- 
centrated load  being  supposed  to  be  placed  always  at  the  panel  point  n,  o,  etc,  next 
behind  the  head  o,  p,  ete  of  the  train.  The  first  half  panel  load  is  to  be  neglected  in 
making  the  calculations.  Thus,  if  the  train  be  supposed  to  extend  from  m  to  9,  Fig 
13  f,  the  concentrated  load  would  be  assumed  to  be  at  p,  making  the  original  panel 
load  at  n  and  at  o  each  =  3000  fi>  X  length  of  one  panel  in  feet;  that  at  p  =  3000 
lbs  X  panel  length  r  w  in  ft  +  30000  lbs;  and  the  half  panel  load  wq  wetild  be  ne- 
glected. Mr.  Pegram  finds  that  by  using  2900  t»s  and  26000  Ibi  re8pe<jtiTely,  instead 
of  the  above  3000  !bs  and  30000  lbs,  we  obtain  strains  practically  equal  to  the  greatest 
of  those  caused  by  any  of  the  above  arrangements  of  wheel  loads;  and  that  by  using 
3500  lbs  and  35000  ft>s  respectively  (as  would  seem  to  be  advisable  in  view  of  the  rapid 
increase  in  the  weight  of  rolling  stock),  we  should  add  but  about  10  per  cent  to  the 
weights  of  bridges  designed  for  the  above  wheel  loads. 

*  Transactions.  American  Society  of  Civil  Engineers,  June,  1886. 
t  With  60000  lbs  uniformly  distributed,  the  breakhig  moment  at  any  point  is  tfce 
same  as  would  be  caused  by  30000  lbs  concentrated  at  that  point 
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Art.  !•  TThen  the  span  of  a  bridge,  roof,  Ac,  becomee  so  /rreat  that  single  solid 
beams,  supported  at  their  end«,  ciuinut  be  employed,  we  resort  to  componna  beams, 
ealled  trusseti,  compoHed  of  several  pieces  so  arranged  and  united  as  to  furnish 
the  reqd  streugth.  The  designing,  construction,  and  erection  of  trusses  of  great 
span,  especially  when  of  iron,  inrolve  such  a  multiplicity  of  Important  detail,  that, 
like  the  building  of  locomotives,  cars,  &c,  they  have  become  a  specialty,  or  a  dis- 
tinct branch  of  business,  to  which  persons  confine  themselves  to  the  exclusion  more 
or  lees  of  other  departments ;  and  thus  attain  a  degree  of  skill  beyond  the  reach  of 
tlie  general  engineer*  The  latter,  however,  should  possess  a  knowledge  of  the  sub- 
ject sufficient  at  least  to  enable  him  to  form  a  well-grounded  opinion  of  the  general 
merits  of  a  design ;  and  to  guard  him  against  the  adoption  of  <nie  involving  serious 
imperfectioiui.  In  a  volume  like  this  we  can  aim  at  nothing  more  than  an  attempt 
to  illustrate  some  few  general  principles.  We  shall  confine  ourselves  to  such  trusses 
as  are  in  common  use ;  showing  first  the  effects  of  uniform  statioitary  loads,  as  in 
the  case  of  rooft;  and  then  those  of  moving  loads,  such  as  an  engine  and  train  on  a 
bridge. 

Art.  2.  Most  of  the  bridge  trusses  in  common  nse  have  two  long,  straight,  par- 
allel tipper  and  lower  members  It^ap;  and  2  t,  ap,  Figs  10,11,  called  the 
cbortis  ;  or  in  England,  the  booms.  Vertical  pieces  placed  between,  and  con- 
necting the  upper  and  lower  chords,  are  called  posts,  when  they  sustain  compres- 
sion ;  and  ▼ertical  ties,  or  saspenslon  rods,  Ac,  when  they  sustain  tension 
or  pull.  The  oblique  pieces  seen  in  these  figs  are  called  brnees,  strnt-brtires, 
niMtn-braees,  Ac,  when  resisting  pres  or  thrust;  or  tle-br«ees,  tenslon- 
bniO€^,  main  Obliqne  ties,  obliqee  saspension-rods,  Ac,  when 
re!*i8ting  pulls.  Sometimes  the  same  piece  is  adapted  to  bear  both  tension  and  com- 
(iression  alternately ;  and  may  then  be  called  a  tie-strat  or  a  strat-tie.  The 
oblique  mofnbers  alluded  to  are  sometimes  called  main-braces,  whether  they  are 
struts  or  ties ;  to  distinguish  them  from  coanter-braees,  or  coan  ters.  These 
last  are  not  shown  in  Figs  10  and  11,  but  are  seen  in  Figs  28  and  31,  crossing  the 
main  braces  diagonally.  These  posts,  braces,  counters,  ties,  Ac,  serve  not  only  to 
keep  the  two  chords  asunder,  and  to  prevent  them  from  bending;  but  to  transform 
the  trangverse  strains  produced  by  the  wt  of  the  truss  and  Its  load,  into  other  strains, 
acting  longitudinally,  or  lengthtoite,  along  the  diff  members ;  and  to  conduct  said 
strains  along  the  truss,  to  the  firm  supports  of  the  abuts.  A  load  placed  at  any  one 
of  these  members  is,  of  course,  partly  supported  by  each  abut ;  one  part  of  it  travels 
up  and  down  alternately  between  the  chords,  and  along  the  successive  members, 
nntii  it  reaches  one  abut ;  and  the  other  part,  in  like  manner,  goes  to  the  other  abut. 
These  members,  therefore,  perform  the  duty  of  the  vert  web  of  the  Uodgkinson 
lieam ;  or  of  the  I  rolled  beams,  or  of  the  tubnlar  girder;  and  on  this  account  are  col- 
lectively called  the  web  members,  in  contradistinction  from  the  chords.  Each 
ptrrtion  of  any  load,  while  being  transferred  by  the  web  members,  from  the  spot  at 
which  it  is  placed  on  the  truss,  to  its  final  point  of  support  on  the  abut,  produces  a 
strain  equal  to  itself  upon  every  vert  web  member  along  which  it  travels  Ittetween  the 
parallel  chords ;  while  upon  each  oblique  member  encountered  on  its  way,  it  produces 
a  strain  greater  than  itself,  in  the  same  proportion  that  the  oblique  member  is  longer 
than  a  vert  one. 

Whether  the  web  members  are  strained  by  compression,  or  by  tension;  or,  in 
other  words,  whether  they  act  as  struts,  or  as  ties,  the  amount  of  strain  will  be  the 
satte.  In  either  case  the  straining  agent  is  the  same  Identical  force,  namely  the  wt, 
or  vert  force  of  gravity  of  the  trass  itself,  and  of  its  load ;  and  (Art  25.  of  Force  in 
BLiprid  Bodies)  whether  this  force  exhibits  itself  as  a  puth,  or  as  apuo,  neither  its 
amount,  nor  its  direction  undergoes  any  change.  So  far,  therefore,  as  regards  the 
broad  principle  Involved  in  the  duty  performed  by  the  web  members,  they  might  be 
divided  simply  into  irertieals,  and  obliques.  We  shall  frequently  so  desig- 
nate them. 

Whatever  amount  of  strain  the  upper  end  of  an  oblique  produces  in  ene  direction 
against  the  upper  chord,  that  same  amount  will  its  lower  end  produce  against  the 
parallel  lower  chord ;  but  in  the  opposite  direction.  That  is,  if  the  top  or  head  of 
any  oblique,  pushes  the  upper  chord  toward  the  right  hand ;  its  foot  will  pull  the 
lower  chord  to  the  same  extent  toward  the  left  hand.    This,  however,  is  not  j^re- 

•  The  flrtt  writer  to  whom  we  are  indebted  for  a  Itnowledge  of  correct  prioeiplefl  on  this  sohieet  is 
S.  WmrPLt;  G.  K  ,  the  flrtt  editlo*  of  whote  book  (beyond  all  doabt  the  pioneer  one)  bean  date, 
^IM.  N.  York,  184T.  Re  waa  followed  by  Bow.  of  England,  and  Haupt.  of  this  oonntry,  both  in  1861. 
The  Marpby-TThipple  bridge  (of  which  Mr.  John  W.  Hurphy,  C.  S.,  has  bnilt  several  of  the  best) 
owes  lu  name  to  these  two  gentlemen.  .  „ 
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cisdff  correct,  inasmuch  as  when  the  oblique  is  a  strtit,  the  pros  at  its  liDot  is  t 
what  greater  than  at  its  head,  because  the  foot  supports  also  the  wt  of  the  strut 
itself;  or  if  the  oblique  is  a  tie,  with  its  head  attached  to  the  upper  chord,  then  the 
straiu  is  a  little  greater  at  the  head  than  at  the  foot ;  because  then  the  head  uph(dd8 
the  Mrt  of  the  oblique,  and  the  foot  sustains  none  of  it.  Ttus  reniark  applies,  of 
course,  to  verts  also.  Another  exception  is.  when  the  ends  of  two  obliques  meet 
each  other ;  as  those  at  the  center  of  the  trusses,  in  Fig'*  10  and  11.  If,  in  such  cases, 
the  ends  of  the  obliques  abut  agaiiut  each  (4her^  instead  of  being  separately  attached 
to  the  chord,  they  will  at  that  point  ex«rt  their  strains  against  each  other,  instead  of 
^against  the  chord. 

In  any  oblique,  as c  d.  Fig  1,  the  Tert  dlst  a  c  between  its  ends;  and  the  hor  dist 
a  d  between  the  same,  are  called  ita  vert  and  hor  sprendM,  or  stretehes,  ur 


Art*  S*  There  is  a  irreat  dilT  in  principle  between  two  classes  of  trusses  in 
common  use.  In  sone  of  tbem,  two  chords  are  abscrfntely  essential,  as  in  the 
Howe  truss,  pd94;  the  Pratt,  p  596;  the  Lattice,  p596;  the  Wnrren,  p6e9;  and 
their  varioos  modifications,  known  as  the  Murphy-Whipple.  the  Linville,  the  Latrop, 
Ac.  fto,  which  differ  only  in  certain  unessential  detidls.  In  the  Howe  and  Pratt 
trusses  there  is  no  diff  whatever  of  broad  principle.  The  distinction  between  them 
consisting  chiefly  in  the  fact  thfft  in  llowe's  the  verts  are  ties,  or  suspension  rods; 
and  the  obliques,  struts ;  while  in  l^ratt's,  the  verts  are  posts :  and  the  obliques,  ties. 
In  all  these  the  strains  on  the  verts  and  mut/i obliques  (nut  on  the  counters^  are  least 
at  the  center  of  the  truss;  and  increase  gradually  toward  the  end  of  it;  while  those 
on  the  chords  (as  in  an  ordinary  wooden  beam)  are  greatest  at  the  center^  and  least 
at  the  ends.  Hence,  also,  such  are  called  beam  (russeil*  The  strains  on  the 
counters  are  also  greatest  at  the  center. 

But  there  is  another  class^  called  saspenAloii  trasses*  of  which  the  Fink, 
Figs  46  and  47 ;  and  the  Bullman,  Figs  44,  45,  are  the  principal  representatives- 
In  these  but  one  chord  is  essential  for  a  perfect  truss.  From  this  choixl  the  web 
members  are  suspended;  and  to  it  alone  do  they  all  transfer  their  strains;  aud 
the  strain  on  this  hor  chord  is  aniform  from  end  to  end.  Figs  45  and  47  show 
perfect  bridges,  with  but  one  chord  each.  lu  Figs  44  and  46,  n  n,  «  n^  emptor  to 
be  chords;  but  strictly  speaking  they  are  not;  they  are  merely  longitudinal  pieces 
for  upholding  the  cross-beams  of  the  flooring,  when  the  roadway  is  placed  at  the 
bottom  of  the  truss.    They  have  not  to  resist  tension,  as  in  beam  trusses. 

In  all  Uie  rorenentfaMied  trnsMi  the  roadway  may  be  placed  oa  either  the  top  or  the  bottom  chord; 
•onatitutinc  in  the  Oral  ca!>e  h  top  ro«4»  ^r  •  dcek  bri4«et  and  in  the  aeooDd.  a  ><tta« 
i>o«4.  er  a  thre«sh  bridge. 

Art.  4.  That  part  of  a  tru.s8,  such  as  Figs  10,  28,  81,  Ac,  that  is  comprised  b*^ 
tween  two  a^ncent  verts,  is  called  a  panel ;  thus,  in  Fig  10,  eijd,  djkc,  <&c;  and 
in  Fig  31,  of  Fratt,  tpnw,\s&  panel.  The  Triansrular  or  Warren  truss.  Fig  11,  p 
558  has  no  verta,  as  essential  parts  of  it ;  and  its  subdivisions  are  called  simply 
triangles ;  and  a  panel  is  a  length  of  truss  equal  to  the  width  of  a  triangle.  Verts 
are  sometimes  aooed  to  it  when  the  spaces  a  b,be,e  d.  Fig  11,  become  too  long  Kn 
safelv  siim)OTting  the  roadway  without  them ;  thus  dividing  the  truss  into  half 
panels.  It  is  not  a  matter  of  practical  importance  as  regards  strength,  whether 
the  number  of  panels  in  a  truss  be  odd  or  even ;  but  it  is  usually  even,  with  a  vert 
ait  the  center  of  a  trusa 

A  p»Del-point,  as  a,  6.  dL  c,  o,  or  »,  Fig  1.  is  one  at  which  web-memben 
meet  a  chord,  or  a  rafter  in  a  bridge  or  roof;  as  Tig  14, 6,  e,  k,  Ac, 

Tke  lenirtli  of  a  imnel   ia  its  korlaontal   measurement.    Tbe 
best  inellnatloii  of  obliques,  aa  regards  economy  of  material  in  the 
web,  is  when  their  least  angle  (/ u  o.  or  «  o  n,  &c,  Fig  10)  with  the  chord  is  ASP. 
This  applies  also  to  tlie  admirable  Warren  tmss ;  in  wnlch  the  triangles  are,  however, 
usually  mnde  equilateral.     When"  the  span  it 
great,  and  the  height  of  truss  corretipondingly  tov 
if  the  panels  be  made  square,  or  nearly  so,  with 
a  view  to  secure  this  inclination  of  about  45^ for 
the  obliques,  the  verts  (as  <  o,  s  n,  Ac,  Fig  10) 
St'l^'TV'TV'  iSc  T^  '^''^  **®<^"*®  ^^  ^^^  apart,  that  the  stretches  oi 

.'  nL'nI^  nL^  nL^  >»  ^y   iir     AiaU  po^on^  Ac,  become  too  long  to  be  safe  for 
'     ^     *  c^5^^    upholding  their  loads  of  engines,  cara,  Ac,  with- 

out additional  precautions.  When,  therefore, 
the  expense  or  inconvenience  resulting  from  tliii 
would  be  too  great,  the  verts  may,  as  in  Fig  1.  be 
placed  so  near  together  aa  to  make  hidf  paneil 
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ffiach  higher  than  they  are  long;  and  the  obliques  (both  the  main  ones,  au4  the 
dotted  counters)  then  run  across  one  vert,  as  in  the  Vig;  or  across  two,  if  neces- 
sary. In  the  Warren  girder,  the  expedient  is  to  introduce  verts ;  or  else  a  second  set 
of  triangles,  as  iu  Fi^  1,  omitting  the  verts.  From  8  to  12  or  15  ft  uiiort  are  oi-diuary 
dists  fur  verts  in  bridges  of  moderately  large  spans.  Frequently  panels  are  made 
considerably  higher  than  long;  disregarding  the  economical  angle  of4[P.  In  large 
bridges,  the  main  oblic^ues,  instead  of  being  each  in  one  piece,  are  usually  made  of 
two  or  more  parallel  pieces,  disposed  iu  such  a  manner  an  to  let  the  counters  pass 
between  them  diagonally,  without  mutual  interference.  Each  lower  chord  (and  fre- 
quently the  upper  one  also)  in  large  spans,  is  usually  made  up  of  several  parallel 
beams  of  wood,  or  bars  of  iron,  side  by  side. 

Id  European  iron  bridges,  the  chords  are  generally  attached  to  the  web  mem- 
bers by  riveting;  but  in  America  this  is  done  by  means  of  cylindrical  iron  or 
steel  pins  as  shown  for  a  lower  chord  in  Fig  61,  p  612. 

The  tension  members  in  the  web,  like  Uie  lower  chord,  generallv  consist  of 
round,  flat  or  square  iron  bars,  with  eyes  (sx  Fig  61)  at  their  ends  ior  th«  pat- 
aage  of  the  pins. 

The  upper  chord,  and  the  struts  or  compretsion  members  in  the  web,  were  at 
first  generally  made  of  cast  iron ;  but  they  are  now  almost  universally  of  rolled 
iron  or  steel.  To  give  them  sufficient  lateral  stHbilily  as  pillars  without  an  un-' 
d^ie  expenditure  of  material,  they  are  made  hollow.  Many  different  shapft  art 
used.  That  shown  in  Figs  13  and  14  of  "  Trestles ",  p  767,  is  a  common  one ;  fre- 
quently with  channel  bars  (p  521)  insU>ad  of  the  side  plates  and  angles  of  Fig 
14.  The  Phoenix  segment  column  (p  449)  is  also  v«ry  largely  used  for  this  pur* 
pose.  The  ends  of  the  struts,  like  tliose  of  the  ties,  are  furnished  with  ejres  for 
thepassage  of  the  pins. 

When  the  web  of  an  iron  or  steel  bridge  truss  consists  of  inclined  and  verti- 
cal members  they  are  so  arranged  tiiat  tlie  ver^iea/,  or  «ibor/«r,  members  shall  hear 
the  compressive  strains,  and  the  inclined^  or  longer^  members  the  tensiUt  strains, 
as  in  Fig  31,  p59o;*  because  (see  lines  11  to  18,  p  457)  a  slkori pi^/or  is  stronger 
than  a  longer  one  of  the  same  mHterial  and  cross  section.  In  great  spans, 
where  tite  truss  is  necessarily  very  deep,  the  obliques  are  often  made  ta  cross 
two  panels,  as  in  Fig  1,  thus  intersecting  each  vertical  post,  at  its  center.  In 
such  cases  the  oblique  is  sometimes  fastened  to  the  post  by  a  pin  at  the  point 
of  intersection,  in  order  to  further  strengthen  the  post  and  to  prevent  tRe  long 
oblique  from  sagging. 

In  wooden  bridges,  the  verts  are  generally  ties,  and  the  obliques,  posts,  as  in  Fig 
10,  p  558.  The  Howe,  Fig  28,  p  594,  has  oblique  wooden  struts,  and  vert  iron  ties. 

In  long  spans  provision  must  be  made  for  the  expansion  and  contrac- 
tion of  the  truss  under  the  effects  of  lieat  and  eold.    See  p  614. 

If  in  Fig  10  we  imagine  lines  crossing  the  panels  diag,  as  the  main  obliques  shown 
in  the  Fig  do,  but  in  the  opposite  direeUon.as  shown  in  Figs  'J^  and  31,  they  will  rep- 
resent eounter-braees,  or  eonnters.  These,  like  the  main  obliques,  are  in 
■cnne  cases  stmts,  and  in  others  ties.  Althoagh  impoirtaat  memliers,  they  are  less  so 
than  the  main  obliques.  They  are  unnecessary  when  the  load  is  uniform  and  8tatioi»> 
ary,  as  is  usually  assumed  to  be  the  case  in  roofs ;  and  are  required  only  when  tha 
k>ad  is  unequal,  or  a  moving  one,  as  in  a  train  crossing  a  bridge.  In  this  last  case  they 
act  chiefly  while  the  spaa  is  but  partially  loaded.  If  the  train  at  any  moment  covers 
the  entire  span,  and  is  of  anilbrm  wt,  their  action  ceases  for  that  time.  Their  office 
is  solely  to  t-onnteract  the  deranging  tendency  of  the  aaequal  loading  of  diff  parts 
of  the  truss,  as  shown  in  Figs  ^.  -In  Fig  96,  an  excess  of  load  along  a  o 
would  tend  to  derange  the  main  braoes  Ao  aad  t  a ;  and  this  would  be  cocmtenicted 
by  counters  across  co  and  t».  The  same  thing  may  be  efiecAed  by  arranging  the  main 
braces,  A o,  ^  a,  so  as  to  bear  tension  as  well  as  compreasioa.  The  liad  effects  of  une- 
qoal  loads  must  i^inly  become  greater  in  proportion  as  the  load  is  heavier  than  the 
truss  itself;  and  when  the  bridge  becomes  very  heavy,  so  that  the  load  must  extend 
over  sereral  panels  before  its  effects  become  serious,  but  little  connterbracing  is 
•eeded;  and  that  at  and  near  the  center  only;  whereas,  in  a  very  light  bridge,  the 
eonnters  should  extend  from  the  center,  where  they  are  most  strained ;  to  near  the 
•i^to,  where  the  strain  upon  them  is  least.  Inasmuch  as  we  shall  first  speak  of  uni- 
fomO-g  loaded  trusses,  we  shall  not  here  say  more  respecting  counters.  See  Remark, 
Art  10.  

•  Except  that,  when  the  roadway  is  on  the  lower  chord,  the  two  web  members 
i«»tiiig  apon  the  abntmente  are  generally  inolined  atrnts. 
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It  would  at  firat  sigbt  appear  that  the  several  parts  of  a  bridge  tmss  must  be  most 
strained  when  covered  from  end  to  end  with  its  maximnm  loud ;  but  this  is  tme  only 
of  the  chords;  and  of  the  main  obliqnes  and  verts,  m  la^  tp,  Fig  10,  at  the  ends  of 
the  tmss.  The  other  web  members  are  more  strained  by  a  rnrt  of  the  load  as  it  passes 
Along  the  truss ;  so  that  if  they  be  correctly  proportioned  for  a  full  load,  they  Will 
be  too  weak  for  a  partial  one.  If  all  be  made  as  strong  as  the  end  ones,  they  will,  ft 
is  true,  be  safe  for  a  passing  load;  but  this  would  require  an  expense  of  material  that 
would  be  justified  only  in  the  case  of  moderate  spann,  especially  of  wood;  in  which 
the  additional  trouble  and  expense  of  getting  out  and  fitting  together  pieces  of 
many  dlff  sizes,  may  more  than  connterbalance  the  saving  in  material. 

Art.  5.  Trasses  with  moYinir  loads  require  calculation  diff  f rom 
that  for  uniform  loads.  We  shall  first  treat  of  the  latter  only ;  and  in  so  doing  shaii 
not  employ  the  shortest  methods,  but  such  as  will  render  the  general  principles  clear 
to  any  one  acquainted  with  the  simple  elements  of  "  Composition  and  Resolution  of 
Forces."  The  strains  on  trusses  may  be  found  with  all  the  accuracy  needed  for  prac- 
tical purposes,  by  means  of  diagrams  drawn  to  a  scale.  The  same  division  of  tlie  scale 
thnat  aaewers  for  a  Ibot  of  length,  may  also  represent  a  ton,  1000  fts,  or  any  other 
convenient  wt,  load,  or  strain,  and  may  thus  be  used  for  measuring  the  lines  whidi 
represent  such. 

The  chords,  verts,  and  obliques  heretofore  mentioned,  constitute  all  the  essential 
elements  of  a  complete  truss :  but  other  pieces  are  necessary  tor  a  complete 
hridipe;  such  as  roof  and  fioor  beams;  transverse  bracing  for  connecting  two  par> 
allel  trusses  with  one  another,  so  as  better  to  resist  lateral  or  sidewise  motion  from 
winds  or  lurehings  of  trains;  bars  for  tying  the  truss  to  the  piers  and  abutments  ia 
some  cases,  fto.  The  same  may  be  said  of  the  extension  frequently  made  at  the  ends 
of  either  an  upper  or  a  lower  clierd  of  a  bridge  as  shown  at  v  v  in  the  bottDm  chord 
of  Fig  31.  Here  the  truixe»  are  perfect  without  the  extensions ;  but  the  bridge 

requires  them,  to  allow  the  load  to  reach  and  to  leave  it.  They  may  be  needed  for 
the  same  purpose  in  an  upper  choiti  of  a  top-road  bridge ;  or  for  extending  a  roof 
over  an  entire  span,  iui.  The  end  vert  postsp«,of  the  same  Fig  are  not  parts  of 
the  truss,  but  supports  for  uphol^ng  it ;  also,  the  posts  p  and  d.  Fig  28,  are  not  ei 
sential  to  the  tnus. 
Art,  6.    Cliords.    When  a  beam  a  h,  Fig  3,  supported  at  both  ends,  breaks 

either  und-^r  its  own  wt,  or  under  the 
action  of  a  loiid  placed  on  top  of  it,  or 
suspended  from  it  below,  it  does  so  be- 
cause the  lower  fibres,  near  its  center 
{,  are  fndled  oxundfT  ;  and  its  upper 
ones  at  u,  crushed  together  to  such  ao 
extent  as  to  offer  no  effective  resist* 
ance.  The  fig  shows  this  in  a  some- 
what exH^erated  manner.  The  ex- 
treme upper  particles  at  u,and  the  ex- 
treme lowor  ones  at  2,  being  the  most 
strained,  give  way  first ;  and  the  strength  of  the  beam  being  thereby  diminished,  the 
a4Jaoent  ones  give  way  in  rapid  succession.  The  compressed  particles  (A  the  beam 
are  all  abnoe  a  certain  point  n ;  while  the  extended  ones  are  hdow  it  If  we  imagine 
an  infinitely  fine  needle  to  be  held  pern  to  this  page,  and  in  that  position  to  be  stuck 
through  the  point  n,  passing  entirely  through  the  beam,  or  page,  then  the  infinitely 
fine  hole  thus  made  will  pass  along  what  is  called  the  nentrAl  nxis  of  the  beam. 
It  is  so  named  because  the  fibres  situated  in  that  line,  and  which  were  cut  in  two  by 
tlie  ueedle,  are  neither  compressed  nor  extended,  until  the  strain  becomes  »•  great 
that  on  its  removal  the  beam  will  not  entirely  recover  itself;  or.  in  other  words, 
until  the  strain  exceeds  the  elastic  limit  of  the  beam.  Within  the  limits  <^  elasticity, 
the  neutral  axis  may  be  assumed  to  pass*  through  the  cen  of  gravt>f  the  croso-seetioa 

of  the  beam.  Thus,  if  the  cros8-«ection  be  oi 

any  of  the  forms  shown  in  Fig  4,  then  so  long 

as  the  beam  is  safb,  oi-  the  load  within  the 

elastic  limits,  the  line  na  will  pass  along  its 

cen  of  grav ;  which  is  at  the  Sfune  time  its 

neutral  axis.    Bot  the  chords  of  a  tnns 

differ  essentially  in  condition  fW>m  the 

fibres  of  the  beam,  as  will  be  seen  by  comparing  pp  485  and  486  with  Art.  2,  p  528, 

where  it  is  shown  that  while  the  resistance  of  a  closed  beam  is  in  proportion  to  the 

square  of  its  depth,  that  oi  a  truss,  or  open  beam,  is  proportional  simply  to  Its  depth. 

The  same  quantity  of  material  that  composes  the  beam  a  b  Fig  8,  will  present  fitf 
-uore  resistance  to  bending  or  breaking  if  it  be  cut  in  two  lengthwise  along  the  horl- 


Figr.8. 
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■ontal  ptane  a  b,  and  converted  Into  top  and  bottom  chords  of  a  trass ;  becanse  the 
leverage  with  which  the  resistance  acts  is  thus  greatly  increased.  Besides,  the  depths 
of  the  chords  are  so  small  compared  with  theh*  distance  from  tlie  neutral  axis,  that 
their  fibres  may  be  assumed  to  act  wnitedly  and  equaily.  Hence,  practically,  all  the 
filures  in  the  upper  chord  must  be  crushed,  or  all  those  in  the  lower  chord  pulled 
apart,  €U  the  same  insUmL,  before  the  truss  can  give  way ;  whereas,  in  the  solid  beaxDL 
ah  Fig  3,  the  extreme  upper  or  lower  fibres  yield  first;  then  those  next  to  them, and 
so  on,  one  after  the  other. 


Fig.  m. 


ArU  7.  In  the  desiiriiliii^  of  imsses,  eqwcially  rach  as  may  have  to 
bear  unequal  loads  at  different  parts,  as  in  a  bridge,  the 
point  chiefly  to  be  aimed  at  is  to  dispose  its  various 
parts  so  as  to  form  a  series  of  propeily  connected  (rl» 
an^leSy  because  in  that  shape  they  present  more 
resistance  to  derangement  of  form,  than  in  figs  of  a 
greater  number  of  sides.  Thus,  in  the  three  beams  at 
a.  Figs  4^,  with  a  bolt  at  each  junction  or  joint,  the 
triangular  form  evidently  cannot  be  changed  by  any  but  a  force  sufficient  to  either 
bend  or  break  either  the  beams  or  the  bolts.  But  in  the  4-sided  fig  6,  the  form  may 
readily  be  changed  to  thit  at  c,  by  a  force  at  n  entirely  too  small  to  ii^yre  either 
the  l)eams  or  the  liolts.  Xn  a  the  bolts  assist  to*  prevent  change  of  form;  but  in  h 
they  are  merely  pivots,  around  which  great  changes  may  easily  take  place. 

Before   ibe   straliMi  ean   be  ealcnlatetl,  and  the  truss  propor- 

ttoned  to  those  strains,  m  wsioirr  must-bb  mown;  for  this  tends  to  break  it,  as  well  as  ihe  extraue- 
•OS  load.  But.  on  tbe  otber  hand,  we  canunt  learn  its  wt  until  we  know  the  Rise  of  its  iliff  menibers. 
lo  this  dilemma  we  must  im««iiim  for  Uau  OfifirotUnate  wt,  based  upoa  our  kuoviedCBAf  somewhat 
•fmilar  trasses  slreadj  built.  Tbis  becomeM  the  more  necessary  as  tbe  truM  Inoreaseit  in  sise,  so  that 
it*  own  wt  becomes  greater  in  proportion  to  that  of  the  load.  The  table,  p  605,  gives  aa/e  asmmied 
wu  for  bridge  trasses ;  and  p  580  will  aid  in  the  case  of  roofs.  In  verv  small  spans,  especisilj  of 
bridges,  tbe  load  is  generally  to  much  greater  than  the  w(  of  (he  truss,  that  the  latter  might  almost 
be  negleeied  entirely. 

Rem.  For  fizkUng  the  strains  on  a  paneled  trass  by  means  of  a  drawing,  it 
Is  best  to  represent  each  member  by  a  dngle  line,  as  in  Figs  1, 10, 14, 23.  Ac  Such 
is  called  a  skeleton  drawlnfr  or  diagram  of  the  truss.  Each  or  the  .parts 
into  whieh  the  panel-points  divide  either  chord,  or  a  rafter,  is  to  be  regarded  as 
A  separate  member. 

As  will  be  shown  fJEtrther  on,  a  load  consisting  of  some  portion  of  the  wt  of  the 
truft)  and  its  load,  is  assumed  to  be  supported  at  each  panel-point  All  the  forces 
which  meet  at  any  panel-point  (namely,  the  aforesaid  partial  load,  and  the  forces 
acting  lengthwise  of  the  members  whicn  meet  there)  nold  each  other  in  equilir 
brium. 

Tbe  forces  aetin^r  upon  a  (riuis  (omitting  wind)  are  the  downward 
one  of  the  wt  of  itself  and  load ;  and  the  upward  one  of  the  reaction  of  the  abut- 
ments ;  and  these  two  forces  are  equal.  They  produce  all  the  strains  along  the 
members. 


Tits  5  ia  the  most  simple  forni  of  a  roof  trass. 

•qoai  rafter*  oa,  obi 
ud  a  bor  tie-beam  a  h. 
Here,  as  ID  roofk  gen- 
erally, the  entire  weight 
9t  the  trass,  and  of  its 
load  of  roof-opveriog, 
iQow,  wihd,  fto,  insj-  be 
astamed  to  be  uniformlr 
di«tnbated  aeross  the 
whole  span.  A  roof  eon- 
slau  of  several  trusses, 

Ilsoed  osually  from  8  to  « 
1  ft  apart;  bat  some-  4 
tfmes  Moeh  less,  and  at 
ethers  nkoch  more.  The 
tnsses  rest  on  longitadi- 
Bsl  timbers,  j»,  p.  oslled 
wU -plates,  stretching 
along  the  top  of  the  wall; 
•ad  serving  to  distribute 
the  wt  of  the  tru^a  and 
ftr  load  over  a  greater 
wea.    Oa  the  raftem.  and  at  Intervals  of  a  few  ft. 


It  consists  of  two 


i  Axed  pieoes  of  Umber  oalled  »«rllBa»  off 
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•Wtli  MMtUBK,  roMiint  Mrou  fr««i  trnM  to  truM :  to  whtth  th«  UUu  or  koards  art  Bailed  vkteh 
•apport  the  ablagles,  do,  or  aUte.  Ac,  which  foroM  the  roof-ooTeriu. 

A  triui  plainljr  supports  all  the  purilna,  roor-eoveriug,  anow,  &o.  te.  wbkb  occupy  the  apaoe  half* 
way  on  each  aide  of  it  to  the  next  trasa.  Tbaa,  »uppose  a  apan  of  SO  ft,  and  each  rafter  to  be  1S.8  ft 
long ;  and  that  the  trunaen  are  nay  Vi  ft  a|mrt  from  center  to  center,  and  aii!(unie  (as  it  is  generally 
well  to  do,)  that  the  wt  of  the  truaa,  coverin.',  snow,  ius,  may  amount  to  40  Bta  per  sq  ft  of  areaef 
roof.  Then  each  truxs  has  to  sustain  33.**  X  12  X  40  =  161.»  lbs,  including  it«  own  weight.  Strictty 
the  wt  of  the  tie-beam  should  be  omitted;  because  in  Fig  5  no  part  of  it  is  upheld  by  the  rafters. 
It  is  very  trifling  howeter  in  oomparttou  with  the  load. 

To  find  tbe  strains  upon  the  different  parts  of  a  tra»s. 
Fiar  5.  First  calculate  in  the  mnnner  just  shown,  the  entire  wt  iii  S>8  of  a  tniss 
and  itH  load.  Through  the  center  U  of  either  rafter  draw  a  vert  line  H  r.  From  o  draw  a  hor  liae 
•  H.  Join  H  a.  Now oa  tbh  Tort  Hne  H  r,  lajoirff  I  %y  »■# oniiTOBlanfe  seal*  to  rtBresaai  tke  eatire 
aniformly  distribated  wt  of  one  rafUr  and  its  load ;  aod  draw  the  hor  line  I  E.  Then  will  I  R  giiC 
by  the  same  scale  the  hor  force  at  the  head  of  the  rafter ;  and  U  ii  the  amount  and  <i*rec«on  of  Um 
ebHqiie  force  which  presses  the  foot  of  the  rafter.  The  Jkor  force  at  ttie  foot  of  the  rafter  will  be  equal 
to  that  at  its  head  ;*  and  equal  mino  to  the  hor  pall  along  the  whole  length  of  the  tie-beam. t 

Or,  consider  the  force  of  gravity,  O  R,  Fig  b}/^  (  =  H  I)  as  resolved  into  two  com- 
ponents; one,  LR,  in  the  direction  of  the  lengtE  of  the  rafter  ;  and  the  other,  6L, 


h 

\. 

X 

^          P 

7 

Tf 

^^ 

a 

<i 

B 

8 
t 

^ 

'Fitt. 

^\i 

^\/ 

at  riglit  angles  to  It.  The  latter  Is  the  force  which  t«fnds  to  break  the  rafter  trtuw- 
versely,  or  like  a  beam.  Since  the  rafter  is  uniformly  loaded,  the  cen  of  grav  G  ifl  «* 
the  ceijter  ofits  length.  Hence,  by  the  principle  of  the  lever,  Art.  54,  p  339,  o|),  =\i 
G  L,  is  exerted  against  the  top  of  the  other  rafter ;  and  the  other  half  a  q  at  the  abnt 
a.  At  the  top,  op  causes,  or  is  resolved  into,  two  forces;  first,  the  horizontal  pres- 
stire  o  6  (  =  I  E)  against  the  other  raflw,  and,  second,  a  longitudinal  thrust  o  t  along 
o  a.X  This  thrust  (oz)  is  uniform  from  o  to  a.  But  at  each  point  between  o  and  a  it 
fa  added  to  by  a  portion  of  the  other  longltiKHnal  thrust  L  K  which  arises  dhredbf  from 
the  pres  of  the  load.  Since  the  load  is  aniformly  distribtited,  this  last  thrust  in- 
creases miiformly  from  nothing  at  the  top  o,  to  its  full  amount  L  R  at  the  foot, «.  At 
the  top  therefore,  the  total  longitudinal  thrust  is  o  «.  At  G  it  lu  o  z  f  half  L  R  At  a 
It  is  aifc  =  o«  4-  LR;  and  combines  with  the  transverse  pres  a q  there,  lo  form  the 
remltant  pressure  a  p  of  the  foot  of  the  rafter,  which  is  of  course  the  same  as  H  E,  the 
liesultant  formed  by  tli«  te«d-  H I  and  the  b«rtaontal  pMS  1  £  of  the  other  rafter.  It 
will  be  noticed  that  the  horizontal  components,  »  q  and  »k,of  aq  and  a  Jfc,  are  in  opp*- 
•tte  directions.  Their  difference  (=  t  v)  is  the  pull  on  the  tie  beam,  and  is  =  I  E  =  o  ft- 
But  their  vert  components,  a  n  and  a  «,  are  both  dotcnward ;  and  their  turn  (  =  a  0  ^ 
=  H  I  =  the  loAd  on  o  a  =  the  upward  reaction  of  the  abut  a, 
Tiieslses  In  Flgr  5  may  be  found  in  the  foliowlnnf  manner. 

Take,  for  example,  a  tru>«  of  white  pine,  of  HO  ft  span,  and  7^  ft  rise.  The  wt  of  the  entire  roof, 
snow,  &c,  ke,  40  Sm  per  sq  ft  of  roof  area.  Trui*4ies  \'l  ft  npart  from  center  to  center ;  so  that  each 
truss  will  have  to  sHStato  a  total  load  (including  iui  own  wt,)  of  Xi.6  x  40  x  12  =  X^'iB  lbs.  which  ve 
may  call  MOM,  or  each  rafter  WOO  lbs.    We  will  calculate  each  part  with  a  lafety  of  3;  which  we 

•  The  foot  of  eaeh  rafter  tende  to  elide  «r  posh  outward  horlxontally  in  the  direotloa  of  the  arro** 
(  and  v;  each  with  a  fsree  equal  to  I R.  But  the  tie-beam  preveoU  them  from  eo  doing,  and  thnseoe- 
verts  their  piMAes  into  ptUte  against  each  other ;  and  thereby  into  a  pulling  strain  along  the  wheW 
tie-beam  Itnelf,  to  an  amount  equal  to  one  of  the  forces;  as  two  men  pnlling  against  each  other  at  the 
two  ends  ef  a  rope,  each  with  a  force  of  10  Ibi,  only  atrain  the  rope  10  Ha,  In  other  words,  it  reqokt* 
tieo  e^ual  oppoaing  force*  of  10  Iba  each,  to  produce  one  etrain  ef  10  lbs. 

T  And  there  la  a  hor  strain  to  the  same  degree  generated  at  every  point  along  the  length  of  ex^ 
rafter. 

}  It  Is  immaterial  whether  we  thus  resolve  o  p  directfy  Into  o  b  and  «  jr.  (as  though  the  bead  of  (ke 
raltOT  reseed  agHtnvt  a  vert  wmU  at  o) ;  or  whetlier  we  tlr^t  resolve  it  between  the  two  rafters,  into  •< 
auu  or.  For  in  the  latter  case  we  must  Hd<l  lu  o  e  a  thrust  (=  or  =  c  #)  produced  iu  o  a  by  the  trai»»- 
verse  pres  (similar  to  op)  of  the  head  of  the  other  rafter ;  and  the  sum  of  these  two  (oc  and  o  r)  bi 
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think  ill  abvndaaay  suffieleat.  <Tith  the  aaiiamptioa  of  40  fti  per  sq  (t.  First  prepare  »  diacram 
uf  die  troas,  on  a  seaie  of  lay  ^  iaoh  to  a  ft.  Tliia  diagram  vUl  eontist  of  but  ibree  Ituen.  We  will 
use  tbe  same  scale  of  H  inch  to  represent  1000  lbs  of  either  wt  or  straia.  Make  HI  by  scale  eoual  to 
I  Incta  i  that  is  to  tbe  tiOflO  lbs  unirornily  distributed  wtof  one  rafter  and  its  load.  Also  draw  I E,  and 
taeaaure  it.  It  will  tte  equal  in  this  cose  (aoctdentallj)  to  H  I,  or  8000  fi»s;  and  this  is  the  amoaot  of 
pull  ailoDg  tbe  tie*beaiu.*Now  we  see  by  table,  page  ^,  tbat  average  white  pine  breaks  under  a  pull 

10000 
of  lOOOO  lbs  per  aq  ineh;  so  that  for  a  safety  of  S,  we  mast  not  sul:tieet  it  ta  more  than— j-  =  3.3St 

lbs  pull  per  sq  inch.  The  weakest  part  of  the  tie-beam  is  where  it  is  cut  into,  near  Che  ends,  for  foot- 
ing the  rafters;  and  even  what  is  there  left  by  the  out,  is  usually  still  farther  reduced  by  the  boles 
ot  the  bolts  or  spikes  driven  into  it  through  the  feet  of  Che  rafters.  Therefore,  allowing  for  these 
things,  we  must  give  to  the  tie-beam  <U  tiMt  point  a  traasverse  seeCioniXf  eolld  wood,  equal  at  least  to 
8000 

— — —  =  2.4  iq  ins.  This  would  no  doabt  be  saflleient  to  resist  the  pull ;  but  there  are  other  oonsidera' 
3333 

lions,  snoh  as  danger  of  sagging  or  breaking  down  if  persons  should  get  on  It;  or  if  a  moderate  load 
shnnld  chanoe  lo  he  laid  upon  it,  to,  which  cause  the  tie-beam  (even  when  unloaded  even  by  the  wt  of  a 
plastered  eeiling  below.t  as  is  here  supposed  to  be  the  ease,)  to  be  made  about  a-i  large  as  a  rafter. 
If,  instead  of  a  beam,  we  had  used  an  iron  rod  to  resist  the  8000  lb  j  pull,  we  should  have  reqd  one 
with  a  breaking  strength  of  8000  X  3  =  24000  fts ;  and  by  the  table  of  bolts,  page  409,  we  see  that  a 
diam  of  ftill  ■|-4  ineh  would  suQice  if  upset ;  or  of  full  1.04  inch  if  not  upset.    See  Rem  p  408. 

If  4Mr,  as  to  tbe  rt  >q  iucllued  buaox,  supported  at  both 

e«ds,  and  uolformiv  loaded  t  i  a  center  loud  of  400U  lbs.  But  for  a  safety 

of  3  against  40UU,  we  will  find  center  load  of  liOOO.  Its 

length  must  here  be  taken  mi  n  its  end  supports,  or  15  ft. 

We  will  assume  for  It  soni  i ;  f«y  9  itis.    Tbeti  by  Art  20,  p  497,  we 

'flud  that  for  a  breaking  cent  h  will  be  4.94,  say  6  ius.    Therefore  to  be 

safe  with  4000  lbs  center  luac  be  a  ins  broad,  by  9  ins  4eep.| 

We  may  take  G  L  (=  7200  bj  as  the  load ;  but  then  oa(s=  lg.77  ft) 

must  be  taken  as  the  span  in  ;suit  is  the  same  iu  both  cases. 

As  to  the  strength  of  the  n  tonipressive  strain,  we  find  that  G  L  Fig 

5yi  measures  7'iOO  lbs  ;  there  the  parallelograni  obpx  tit  the  top  of  the 

rafter  Fig  5H  **e  find  oz  =  \  ,„«  .»».  ^..^  »,.<..  .„„e.vwv..„a1  strain  in  the  rafter  is  =  osr  at  tbe  top ; 
and  =  aA::=oz+  LR  =  7200  +  3600  =  10800  lbs,  at  the  foot.  Thus,  so  far  as  the  lonffittidmal 
strain  is  concerned,  the  rafter  might  be  of  less  cross-section  at  top  than  at  foot ;  but  in  practice  tlie 
expense  of  cutting  the  timber  to  that  shspe  would  generally  more  than  eonipensate  for  the  slight  dif- 
fereoee  of  material,  even  a.<«Rumiug  that  it  could  be  saved.  It  Is  uncertain  how  tbe  transverse  and 
longiiudiual  strains  are  distributed  through  the  cross  section;  for  the  least  sagging  of  the  rafter 
would  throw  most  of  the  longitudinal  compressive  strain  on  those  fibres  (on  the  upper  side  of  the 
rafter)  vhioli  are  already  under  oompressiou  due  to  tbe  transverse  strain.  For  safety  we  will  add  to 
the  cross-section  required  by  the  rafter  as  a  l)eam,  a  sufficient  area  to  he  safe  in  itself  against  the 
greatest  leogitndinal  oompressive  strain,  or  that  (ak)  at  the  foot,  which  we  have  just  found  to  be 
=  10600  lbs;  and  will  make  the  area  uniform  throughout.  Now  we  find  by  table  p  436  that  aver- 
age white  pine  or  spruoe  crushes  under  a  pressure  uf  say  6000  lbs  per  sq  inclK  Therefore  it  will  have 
a  safety  of  3  under  2000  lbs  per  sq  inch  ;  so  that  we  must  provide  for  each  rafter  V?^°  =  say  5 J^  sq 
ins  of  area  of  cross-section  in  addition  t«  the  5  X  9  ins  already  found.  These  SH  sq  ins  may  be  added 
either  in  the  breadth  of  the  rafter,  thus  making  it  say  5.6  X  9 ;  or  to  its  depth,  making  it  say 
5  X  10.2. 

In  tbe  next  tbree  trnsseii  we  aball  not  enter  into  tbis  detail 
of  ealenlation ;  as  we  conceive  that  tbis  example  solfieoii  to 
elucidate  its  principle. 

Art.  8.  Next  to  Fig  5,  in  point  of  simplicity,  is  Fig  6;  which  represents  a  truss 
fiMr  either  a  bridge  or  a  roof  of  mode- 
rate span.  It  has  two  equal  rafters, 
and  a  hor  tie-beam  a  6  as  before; 
but  with  the  addition  of  a  king, 
poet,  king-rod,  or  suspension -rod 
0  n.  Either  tbe  tie-beam,  or  the 
rafters,  or  both,  may  be  uniformly 
loaded.  It  is  immaterial  whether 
the  load  oa  the  former  be  equal  t« 
that  on  the  latter  or  not.  We  shall 
bere  consider  tbe  tmis  only  as  that 
of  a  roof.  Let  y  y  be  poinU  half- 
way -between  tbe  king-rod  and  the 
abutments.  Then  will  the  king-rod 
•ustain  all  the  weight  of  the  portion 
«  y  of  tbe  tie-beam  and  its  load. 
The  portions  of  tbe  tie-beam  and  its 
load  between  y,  y,  and  the  walls 
s,  w,  are  sustained  diiectly  by  the 
walla.  The  entire  wt  of  the  truss  and  its  load,  it  is  plain,  is  sustained  ultimately  by  the  abuts,  or 
walls  X  to ;  but  tbe  wt  of  y  y  and  its  load  does  not  reach  the  walls  until  after  having,  as  it  were,  first 

*  Tbe  pull  1  R  along  the  tie  beam  will  thus  be  equal  to  the  uniformly  distributed  load  on  the  rafter 
only  when  the  rise  o  to  is  one  fourth  of  tlie  span.  If  o  w  exceed*  one  fourth  of  tlie  span,  I  K  will  be 
last  than  H  I,  and  vice  versa.  ,         ... 

t  Tbe  weisrbt  of  an  ordinary  latbed  and  plastered  ceiling  is 

about  10  lbs  per  sq  ft ;  and  tbat  of  an  ordinary  floor  of  \\i  inch  boards,  to- 
gether with  the  usual  3  bv  12  inch  joists,  15  ius  apart  from  center  to  center,  is  from  10  to  12  lbs  per  sq 
It.    In  preliminary  calculations  it  is  well  to  take  the  two  together  at  25  lbs  per  9^  ft. 

1  Thls^ls  net  a  bad  proportion  of  breadth  to  depth.   If  we  had  assumed  say  l.^  ins  for  the  deptn.  we 
should  have  got  a  rafter  so  thin  as  to  be  laterally  weak.    Frequently,  two  or  three  assumptions  ar 
calculatioas  may  have  to  be  made  before  we  hit  upon  a  satisfactory  P5®J»t?f|3'^yVJW*^V  HC 
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traretod  op  Uie  king-rod  to  o,  and  from  there  down  the  raften  to  a  and  &;  or.  In  Jli  <ell|>,  t?  a  eir- 
enitoos  route.  Tbat  the  king-rod  nusuins  nil  between  y  and  y,  will  "be  erfdent  when  we  reflret  that 
a  beam  a  h,  when  firmlj  suspended  at  its  eenter  n,  maj  be  regarded  as  (wo  separate  beams  nh,mm. 
One-hair  of  the  beam  n  h  and  its  load  would,  in  that  case,  manifestly  be  borne  bj  the  wall  «,  and 
the  other  half  by  n;  and  so  with  n  a.  Therefore,  n  apholds  one-half  of  the  beam  a  b  and  its  lead; 
or,  in  other  words,  all  between  y  and  y.  The  king-md  transfers  the  wt  of  and  on  y  y.  to  the  beads 
of  the  rafters  at  o.  ThU  wt  may.  therefore,  be  considered  precisely  in  the  light  of  one  resting  up«a 
o;  and  we  may  proceed  to  find  the  strains  which  it  produces  upon  the  rafters  and  Ue-beam.  by  Art 
89.  of  Force  in  Rigid  Bodies.    Namely,  on  •  n  make  o  t,  by  scale,  equal  to  said  total  wt  sf 

If  If  and  its  load,  and  the  wt  of  the  king-rod  itself.  Complete  the  parallelogram  of  fSDreea  omti; 
and  draw  ite  hor  diag  m  d.  Then  will  o  m,  o  d  measure  the  strains  produced  6y  taid  total  weight 
onl9,  along  their  respeotlTe  rafters :  and  e  m,  e  d  the  pnlUug  forces  produced  by  the  same  wt  enly 
along  the  tie-beam  a  b ;  causing  strain  all  along  it  equal  to  one  of  them.  .    ^. 

The  strain  om  or  o  <f  mnst  be  added  to  the  other  longitudinal  strains  os  and  L  R  (Fig  6K)  »  ^^ 
rafter,  fouud  as  already  explained. 

For  llsrlkt  railroad  brldjres,  a  truss  like  Fig  6,  of  30  ft  span  and  10  ft 
high,  may  have  a  chord  of  15"  by  1^' ;  rafters  10"  by  10" ;  one  rod  of  2%"  diam ;  or 
two  rods  of  l%"  diam,  aud  several  inches  apart  transversely  of  the  bridge ;  wlilcli 
is  far  better  than  one. 

Tbe  pull  on  tbe  tie-beam  will  be  I  E  added  to  cm  or  cd.  Find  the 
eafb  area  by  dividing  their  sum  by  SSilS.  wbioh  is  tbe  number  of  Iw  per  t^  taafc,  givtnc  a  safcty  tt  & 
Then  regarding  Aa</  the  length  of  the  tie-bens  supported  at  both  euds.  and  loaded  at  ito  eeitfer  with 
only  one-fourth  of  the  wt  of  and  on  the  entire  tie-beam,  llnd  iu  safe  dimensions  by  tke  roles,  ptfl. 
or  by  table,  page  4W.  The  reHuUing  area,  added  to  tbe  safe  urea  for  tae  pall  just  foaiid,  will  be  tbe 
entire  seetiou  of  tbe  tie-beam,  unless  some  additton  be  made  to  the  depth,  to  allow  far  what  is  ent 
away  for  tbe  feet  of  the  rafters.*     See  Rem.  p  500,  also  Rem,  p  866. 

Tlie  vertical  fclng^-rod,  n  o,  must  be  strong  enough  to  bear  safely  a  poll 

equal  to  its  own  weight  added  to  the  weight  of  and  upon  ffy.  If  not  liable  to  vibration,  a  safety  of  ) 
will  be  enough,  and  will  require,  for  each  2U000  0>s  of  such  weight,  one  square  inch  of  good  bar  iron, 
or  at  least  six  square  inches  of  timber. 

When  the  king-rod  is  of  wood,  it  is  improperly  termed  a  king-po«l.  Sinee  a  post  is  intended  to  sus- 
tain a  load  ou  its  top,  tbe  term  might  lead  to  the  inferenoe  that  the  upper  ends  of  the  rafwrs  rested 
upon,  or  were  upheld  by  the  king-pokt ;  whereas,  as  we  have  seen,  thejt  actually  uphold  it. 

Calcalated  approximate  dlmen«ion«  for  a  white  pine  truss  like 

Pig,  6,  of  SO  feet  span  and  TH  feet  riwe.  Trussen  12  feet  spart  eenter  to  center.  Weight  of  raflen 
and  loHd  on  top  of  them.  40  lbs  per  square  foot  of  area  of  roof.    Safety  of  about  S  for  eaeh  pfeee. 

1st.  Taking  the  weight  of  and  on  the  tie-beam  at  100  tta  per  square  foot  of  eeiling,  iuelomng  oeil- 
ing,  floor,  and  load :  Rafters  and  tie-beam,  eaeh  8^  ioehes  broad,  11  iadiee  deep.  tUn^-rod  IH 
inches  dianieter.t 

■id.  With  no  floor  or  loading  on  the  tie-beam  except  its  own  weight,  say  600  Iw:  Rafters  and  tie- 
beam,  each  6^  inches  broad.  9  inches  deep.  King-rod  theoretically  ^i  iaoh  diameter,  bat  it  sheoU 
be  I  inch  at  least,  to  allow  for  rust  and  to  guard  against  acoidental  distortioa. 

Art.  9«  In  Fig  7  we  have  a  truss  consisting  of  two  rafters,  ab.ad;  a  tie-beam, 
6  d;  a  king-rod.  a  e:  and  two  ntrute  or  braces,  «  e,  *  c  Either  the  rafters  or  the  tie-beam,  or  both, 
may  be  supposed  to  be  uniformly  loaded. 

Here,  hs  in  Fig  6,  tbe  Mlnic^rod  a  e,  upholds  the  weight  of  the  irartion  y  jf 

of  the  tic-beam,  and  of  any  load  et 
floor,  oeiling,  people,  Ac,  that  may  he 
placed  upon  that  portion ;  together 
with  its  owu  weight.  But  it  also  sus- 
tains, in  addition  to  Utese.  tha  weight 
of  the  two  struu  e  e,  A  e;  part  of  the 
weight  of  the  portiona  jr  r,  and  s  tt, 
of  the  rafters;  and  part  of  tbe  weight 
•r  the  roof-oovering.  aoow,  Ac,  that 
■ay  rest  on  said  portions.  That  it  ap- 
holds itself,  y  y,  and  the  strute.  Is  al- 
most self-evident;  but  that  it  npolds 
partofjr  r,  andsM,  aad  their  loads.  i« 
not  at  first  sight  so  aM>ar«at.    Such 

Strata  are  Introdaeed 

In  to  trasses  when  the  rafters 

become  so  long  as  to  be  in  danger  of 
bending  too  much,  or  of  breaking  un- 
der their  loado ;  or  el«e  requiring  the 
use  of  inoanvenientlj  large  timbwt  to  make  them  of.  They  aet  like  pogta  in  affording  partial  support 
to  the  rafters.  They  carry  a  part  of  the  utrain  upon  the  rafters  down  to  the  font  e.  of  the  king-rad; 
and  the  king-rod  carries  it  from  there  up  to  the  tops,  a.  of  the  rafters.  Prom  a  it  paxjiesdown  through 
the  entire  length  of  the  rafters  to  their  feet.  Thus,  it  is  seen  that  the  action  of  the  nruts  oonsi«ts  in 
relieving  the  rafters  from  a  trcmavene,  or  cross-strain  which  would  endanger  their  safety ;  and  in 

•  In  esses  where  no  appearand  of  sagging  would  be  admissible,  it  Is  not  alwars  enough  thst  fb« 
rafters  and  tie  beam  be  aafe ;  for  they  mar  be  perfectly  safe,  and  ret  sag  too  moeh'fbr  some  pnrposes. 
When  such  is  the  case,  refer  to  table,  page  513 

t  We  have  known  oountry  road  bridge*,  Fig  6,  of  30  ft  span,  nnd  7^  ft  rise,  of  two  trasses  IS  tt 
apart,  in  which  neither  the  timbers,  nor  tbe  prabable  laada,  ware  taurfer  than  la  this  frai^ff 
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«ODTertiDg  it  into  a  longitudinal  strsio  in  the  direetion  of  th«Ir  loigth,  la  wbiota  thej  caa  Naitt  fk 
with  less  d«uger.  As  we  proceed  with  the  sutiject  of  trusses  for  bridge.^  M  well  m  roofs,  it  will  be 
•eeu  that  this  is  the  grand  dutjr  of  such  struts  and  obliques  generally.  lu  roofs  they  thus  assist  the 
rafters ;  aud  iu  bridges  the  uUords. 

Where  each  rafter  is  a  solid  unbroken  piece,  as  in  onr  figures,  it  is  uncertain  what  portion  of  the 
load  «r  or  xu  is  actually  borne  by  the  strut  ec  or  fcc.  The  introduction  of  the  strutn  thus  renders 
it  impossible  to  calculate  the  strnius  with  certainty  by  the  above  described  method.  For  this  reason, 
aud  for  safety,  we  adopt  another  method^  in  which  we  begin  with  an  assumption  which  is  not  strictly 
correct,  but  which  siiuplifles  the  problem  and  enables  us  to  calculate  with  exactness  for  each  mem- 
ber a  Ktrain  which  is  sufficiently  near  to  the  probable  true  one  for  most  pra^tioal  purposes.  This  as- 
sumption is  that  the' rafter  is  io  two  parts,  a  U  and  U  b ;  that  these  parts  are  connected  by  a  per- 
fieotly  flexible  Joiut  at  U.  so  that  all  of  the  load  of  aud  on  «r  rests  upon  the  strut  ec ;  and  that  the 
^Mtd  of  and  ou  xj  ^adjz  rests  directly  upoa/»  Draw  e  o  au4  A  «  vertically  ;  aud  make  each  of  them. 
by  any  cunvenieut  scale,  equal  to  the  weight  in  lbs  af  either  jrr  or  x  v,  and  it;t  load.  From  o  and  n 
draw  the  dotted  lines,  oi,  nw,  parallel  to  the  struts;  aud  ok,  nv,  parallel  to  lht<  rafters  ;  thus  com- 
pleting the  parallulograms  of  forces,  ekoi.  lUid  hwnv.   Draw  the  horizoutal  diagonaU  t  k,  and  v  w.* 

Then  by  Composiuou  aud  Resolution  of  Forces,  either  ekor  hv,  measured  by  tlie  same  scale  as  be- 
fore, will  give  the  loogitudiual  strain  in  Iba  upon  each  oue  of  the  struts.  This  strain  presses  the 
struts  lengthwise  from  he:td  to  foot.  They  are  also  strained  longitudinally  and  transversely  by  their 
own  weight,  as  the  rafters  in  Fig  &  were  strained  by  their  owu  weight  and  that  of  the  roof;  bat  ia 
practice  these  strains  iu  the  strutx,  due  to  their  own  weight,  are  so  trifling  compared  with  that  trom 
the  roof  portions  which  tbey  sustain,  that  they  may  be  negleeted. 

Therefore,  eaeli  strut  may  be  regrarded  as  if  a  vert  pillar, 
bearing  a  load  equal  to  ffk  or  Uv,    Now,  the  strain  ek,  along  the  strut 

ee,  i.<«oonipounded  or  oompo.-ied  of  the  vert  strain  e«,( which  is  equal  ioheU/oteo,  orone-half  of  the 
wt  of  and  on  jrr;)  aud  of  the  hor  strain  a  As.  And  the  strain  h  v  along  the  strut  Ac,  is  compounded 
•f  the  rert  strain  ht,  (which  is  equal  to  hoi/ of  bn,  or  one-half  of  the  wt  of  and  onxu);*and  of  the 
hor  strain  (v.  These  two  hor  strains  « A;  aud  t  v  neutralize  or  counteract  each  other,  by  pressing 
against  each  other  at  the  feet  of  the  strut^i ;  and  therefore  only  the  vert  ones  ea  and  b  t  pull  upon  the 
king-rod ;  and  they  pull  it  to  aa  sxieat  equal  to  half  the  weights  of  and  on  «  r  aud  xn.* 

Tlie  klng^-rod,  therefore,  upholds  in  all,  1st,  the  weight  of  the  two 

struts;  2d,  the  wt  of  and  on  yy :  3d,  half  the  wt  of  and  on  jrr  and  xu;*  and  4th,  its  own  wt.  It 
must,  therefore,  have  Hufficient  sectiounl  area  to  safely  sustain  a  pull  equal  to  the  sum  of  these  four. 
This  area  may  be  found  by  means  of  the  table  of  bolts  ou  p  409. 

Make  aghj  neale  equal  to  the  sum  of  these  foUr  wts,  plus  the  weight  of  xj  and  Js,  which  rests  df- 
reetty  npon /.    Draw  gm,gl  parallel  to  the  rafters ;  and  I m  hor. 

For  the  dimensions  of  the  rafters,  ah,  ad,  commencing  with  what 

they  require  as  h«anu,  supported  at  the  end.«,  bear  in  mind  that  the  introduction  of  the  struts  e  e,  ik  e 
converts  each  rafter,  us  a 6,  into  two  .shorter  ones,  ati,  eh;  each  of  which  sustains,  in  the  nresent 
ca.<<e,  only  oue-lialf  the  load  of  and  ou  the  whole  rafter;  or  only  %  of  it  as  a  center  load.    Fiad  the 


safe  dimensions  for  the  short  bean\,  with  its  smaller  center  load,  by  rules,  p  497,  or  by  table,  p  499. 

The  compressive  strain  en  a  U  is  am.    That  on  U  6  (or  the  greatest  comp  strain)  is  =  a  m  +  er. 

Divide  this  sum  by  2000  (or  by  whatever  other  number  of  lbs  may  be  considered  the  safe  crushing 


•trengtb  of  the  timber).  The  qnot  is  the  safe  area  in  sq  ins  reqd  for  that  purpose.  Add  it  to  the  area 
previously  found  for  the  rafter  as  a  beam.    The  som  is  tbe  entire  area  required. 

The  tie-beam.  The  pull  on  the  tie-beam  Is  fm  +  »».  Divide  It  by  8333,  the 
safe  pull  in  lbs  per  sq  inch.  The  quot  will  be  the  safe  area  reqd  for  that  strain.  Then  consider  on«' 
ko^flf  thf  tto-bean  t*  b«  a  nniforatly  loaded  beam  supported  at  each  end ;  and  find  the  safe  dimen- 
sions by  rules,  p  4U7,  or  by  table,  p  499.  To  these  dimensions  add  the  area  Jii«)t  found  for  the  hor 
pall;  the  sum  is  the  entire  arcu  reqd  for  the  tie-beam,  unless  some  addition  be  made  to  compensate 
In-  the  cutting  away  at  the  Ceet  of  the  rafters.t 

Below  are  the  calculated  dimensions  for  two  trusses,  Figr7, 
of  40  ft  span ;  10  ft  rise :  and  12  ft  apart  from  center  to  center.    In  the  first  of 

these  the  tie-beam  with  its  floor,  ceiling,  and  otiier  load,  are  assumed  at  the  rate  of  100  lbs  per  sq  ft 
of  floor ;  while,  in  the  seeond,  no  specific  lead  i«  assumed  for  that  member,  for  reasons  before  given. 
In  both,  the  wt  of  the  rafters,  with  their  roof-coverings  and  load  of  snow,  and  wind,  is  taken  at  40  lbs 
per  sq  ft  of  roof  surface  between  the  centers  of  two  trusses.  The  safety  of  each  .separate  part  is  taken 
at  3 :  except  that  the  unloaded  tie-beam  is  fixed  by  rule  of  thumb.  Timbers  white  pine.  Tbe  great 
est  dimension  in  each  case  is  the  depth.  Dimensions  In  inches.  1st.  Rafters  8X10. 
Tie  beam  8  "X  15.  Each  utrut  4>i  x  4V<.  King-rod  1^  dlam  if  upset ;  or  2  ins  If  not  upset.  In  prac- 
tice it  is  better  to  make  the  struts  as  broad  as  the  rafters.  2d.  Rafters  6X8.  The 
tie-beam  requires,  theoretically,  only  16  sq  \xxn  area ;  we  will  make  ft  6  x  8.  like  tbe  rafters.  Eaeh 
strut  4>^  X  4^ ;  (the  same  as  in  the  other.)  King-rod  H  dlam  if  upset ;  or  scant  I  inch  if  not  upset. 
If  a  ti«-rod  were  osed  instead  of  a  tie-beam,  its  dlam  wonid  be  1%  inch  if  upset ;  or  1.6  if  not. 

Art*  lO.    Ffg9  Is  a  tmse  with  a  tie-beam  a  h ;  two  rafters  to  a,  2  6 ;  two  queen- 

rods4  or  queens,  wt,  xt,  and  a  hor  straining  beam  d.  It  may  represent  a  roof  uniformly  loaded 
along  the  rafters  and  straining  beam ;  and  baring  a  uniform  load  along  the  tie-beam.  Or  only  one 
of  these  loads  may  be  supposed  to  exist,  as  in  a  bridge  with  a  load  along  ab;  or  a  roof  with  its  load 
along  a  IPS  6.    Tbe  queen  to  t  snpports,  besides  its  own  weight,  all  the  weight  of  and  on  the  part  s  y 

•  Rach  stmt  will  thus  bear  Aa^of  tbe  wt  of  and  on  xr,  or  jru,  only  when,  as  In  Fig  t.  the  ineli- 
nation  of  the  strut  is  the  same  as  that  of  the  rafter.  If  the  strut  is  steeper  than  the  rafter,  it  will 
bear  more  than  half;  but  if  it  is  less  steep  than  the  rafter,  it  will  bear  less  than  half;  the  remainder 
being  in  every  oa.se  borne  by  the  rafter.  The  parallelogram  of  forces  will  of  course  show  all  this. 
When  the  inclinations  of  a  rafter  and  strut  are  not  equal,  we  cannot  draw  hor  dlags  ik.vw,  but 
from  the  points  ijt,v,w,  we  must  draw  hnr  lines  to  the  rert  dlags  eo.  and  bn. 

t  Wbbh  a  TTS-aBAM  IS  SO  lAiHa  THAT  rr  MUST  BB  sPLicBn,  allowance  must  be  made  for  tbe  weaken- 
ing efleoi  of  the  splice.    For  Splices,  see  p  611 ;  and  for  other  joints,  p  61S. 

I  Tbe  qoeaua  are  frequently  made  of  wood. 
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•r  the  tte-beam ;  and  tlie  other  one  xi,  OwioT  and  oo  nf ;  cand  neneh  beiog  halfway  betwe^i  a 

queeu  and  an  atut.  These  are  Um 
ouIt  stmtDs  on  the  qneeus;  so  that 
2  d         W  „ 


their  proper  diama  eanj>e  round  by 
of 


Uble  of  bolt:;,  p  iW.  The  parU  c 
the  tie-beam  from  •  and  tc  to  the 
abuts,  or  walls,  as  well  as  whaterer 
loads  those  part:!  may  bear,  are  bus* 
taiued  directly  by  the  abuts. 

The  queens  transfer,  as  it  were, 
the  weights  of  themselves  and  of  «|r 
and  icy,  with  their  loads. directly  to 
w  and  z.  To  And  the  strains  on' the 
various  purtsof  the  tmss,  first  from 
the  center  U  of  a  rafter  aw,  draw  a 
vert  line  U  U :  and  from  w  draw  a 
her  line  w  H  to  meet  it.  Join  H  a. 
Make  H  I  br  wale  equal  to  the  wt  of 
ouly  one  rafter  and   its  nniformly 

distributed  load.   Also  draw  og  vert,  and  equal,  by  the  same  scale,  to  the  wt  upheld  by  the  queen-rod 

w  t,  added  to  one-half  the  wt  of  the  straiuiog-boim  d.  and  its  load ;  for  it  also  presses  vert  at  o. 

Draw  g  m  hor,  or  parallel  to  the  straining-beam ;  and  g  e  parallel  to  the  rafter ;  thus  completing  tlie 

parallelogram  oe^m  of  forces. 

The  strains  on  the  stratnlngr-beam  d.  The  hor  line  IE  aad  oc  to- 
gether, give  all  the  hor  pres  against  theeud  w  of  the  straining- beam  d;  audit  is  plain  that  a  similar 
p  -occss  on  the  other  side  of  the  trusii,  would  give  an  equal  pres  against  the  end  z.  These  two  equal 
pressures  reacting  against  each  other,  produce  a  strain,  equal  to  one  of  them,  throoghoat  the  entire 
length  of  the  straining-beam ;  and  therefore,  the  beam  must  be  regarded  as  a  pillar  with  a  load  equal 
to  this  strain,  on  its  top ;  and  the  dimensions  and  area  of  section,  for  safely  supporting  it,  may  be 
found  by  the  rule,  p  458 ;  or  Uble.  p  459.* 

Rut  beside  thij*.  the  straiuing-beam,  if  loaded,  must  be  regarded  also  as  a  beam  supported  at  both 
ends ;  and  the  area  necessary  for  this,  as  foaad  by  Uhles,  page  4i»  or  612,  most  be  added  to  that  al- 
ready found. 

The  stratns  on  the  rafters.    Firttf  considor  a  rafter  to  a  m  an  inclined 

loaded  beam  supported  at  both  ends;  and  find  the  proper  dimensions  and  area,  by  the  rulea  oo  paae 
496  :  or  bv  tlie  Ubles,  p  499,  or  512. 

Second,  add  together  om  and  the  other  longitudinal  strains  o  jr  and  f.  R  (found  as  in  Fig  5H)  in  t|M 
rafter,  and  divide  their  sum  by  2000  (or  by  whatever  otiier  noml>er  of  lbs  may  be  considered  the  aafis 
criiflhiug  strength  of  the  timber).  The  quot  is  the  safe  area  in  sq  ins  reqd  fbr  that  purpose.  Add  it 
to  that  already  fou'id  for  the  rafter  as  a  beiinj.    This  last  sum  is  the  total  area  reqd. 

The  tie-beam.  The  hor  strain,  or  pnll  on  the  tie-beam,  will  be  equal  to  the 
push  on  the  straining- beam;  and  is  represented  by  I K  and  o  e  together.    Find  thesaffe  area  by  table, 

Saee  4«S  :  or  by  dividinc  the  hor  strain  bv  3333,  which  is  the  poll  io  9M  per  aq  inch  that  ordinary 
ailding  timber  will  bear  with  a  safety  ofS. 

Then,  fliuce  iu  this  truss  the  queens  divide  the  tie-beam  into  lAree  lengths,  each  of  these  mnat  be  con- 
sidered Afi  a  separate  lieam.  (lotCded  or  unloaded,  as  the  case  mav  be.)  supported  at  each  end.  Ita  safe 
dimensions  being  found,  add  the  area  just  found  for  resisting  the  pull.  Add,  if  reqd,  an  allowanoe 
for  the  cutting  away  at  t..e  feet  of  the  rafters. 

Below  are  the  calcnlate<l  approximate  dimensions  for  t^ro 
trusses.  Tig  0,  of  sixty  ft  span  ;  15  ft  rise;  and  12  ft  apart  from  center  to 
center  AH  the  conditions  the  same  a.s  for  the  preceding  example  of  Pig  7.  lat.  Rafters  12  ins  broad, 
by  14  Ins  deep.  Straining-beam  12  broad,  by  12  deep.  Tie-beam  12  broad,  by  12  deep.  Eaefa  qoeea 
rod  IjMf  ins  diam  If  npswt :  IK  if  noct 

2d.  Rafters  10  X  UK.  Straining-b«am  10  X  H.  Tie-beam,  say  10  X  12.  Each 
qufi^nrod  14  inch  diam.    Unloaded  tie-rod,  IH. 

The  proper  sise  for  each  piece,  so  that  ^ley  shall  all  be  ^uieoMa 

for  the.  truss,  qannot  be  determined  at  once.  We  must  find  any  dimensions  thaJL 
will  answer  for  each  piece  by  it^olf:  and  afterwards  adjust  them  by  reoalctilatiou,  perhaps  3  or  4 
times.    Oreat  oecaracy  i^  not  neoessary  in  doing  this.      See  Note,  p  573. 

*  A  Stmt  or  tie  cannot  be  strained  alon^  the  direction  of  its  length 

by  a  force  aoiing  at  one  end,  unless  there  is  at  the  other  end  an  equal  force  noting  in  the  same  straight 

Hue  but  in  t*^ =-- -"i 1 —    — j  _i.»-l w.  _..^ 

single  force, 

which  nets  : 

Fig  9  we  pla 

will  not  giv 

there  is  thee 

direction  frc 

(represented 

Me;  which  1 

around  b as 

upwards,  tb^ 

The  force  z 

and  with  a 

mult  by  its  leverage  w  o  perp  to  z  a.  If  the  mom< 
truss  will  remain  unobauged ;  but  a  simple  strut 
the  whole  of  the  forofl  z  e  effectively,  aud  thus  reli 
t  So<»  Reiu,  p  408. 
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Rbm.  The  ta-nw  in  Figs  9  and  9}4  aflbrd»  »  good  opportnnitv  for  alluding,  In  a  general  way,  to 
the  prlnrlfrte  of  COanterfiraClngr,  and  to  the  necessity  (as  stated  in  Art  T)  of  ad. 
hering  to  a  triangular  arrangement  of  the  parts  ©f  a  truss.  So  long  as  this  trust  it  uniformly  loaded 
tbroufhout  its  length,  it  is  well  arranged  for  sustaioinur  the  resulting  strains;  because  the  strains  on 
*  .  •!?,•  •lAi'*^"*®'".*™  •*^°**»  ***"*  balance  eaoh  other.  But  if  a  heavy  load  be  plaeed  along  a  c 
only  (Pig  9H)  n« tendency  to  depress  ae  will  produce  the  deraugement  shown  in  Fig  m  :  because 
the  horifcontal  pressurt**^^ toward*.  Fig  »4.  will  then  hec«me  greater  than  that  from  t  towards. 
The  two  triangular  portions  wlffniUlretaiu  their  original;!^;  bu« owing  to  the  eaM  with  which  the 
4.«ided  poftioo,  nmce,  has  been  deranged,  and  changed  to  •  tee,  their  jKwitton  becomes  altered  to 
the  daogerons  one  In  Fig  9^.   Thediagem 

kaa  beeq  lengthened  to  cti  while  the  diag  o     .  «.    «^  t 

en  has  been  shortenod  toes.    Now.iftliere  "     '  *  ***  •    * 

had  beau  a  strong  bar  of  iron  reacbiug  from  • 
e  to  m,  wlrh  iu  ends  firmly  attached  to  those 
polntM,  If  would  hav»4ivided  the  whole  truss 
iuto  (riaogles ;  and  then  tb*4i«g  c  m  oould  _ 

nol  have  become  lengthened  to  ef  hjr  any  Tig.  9^.  Fiflr.  91^.  FiUT.  9}4. 

strain  less  than  one  sufficient  to  break  this  -o      ^«  o        « 

iron  bar  hj  pulling  it  apart;  therefore  the  truss  would  have  remained -Safe,  aod  nnohangdd  in  Bg  ure; 
for  the  b&r,  while  preventing  em  from  lengthening  to  c  t,  would,  as  a  consequence,  prevent  e  n.  from 
shortening  to  « s.  Or,  omitting  the  iron  bar  at  c  m,  suppose  a  stiff,  unbending  inclined  post  to 
be  inaoiied  between  «  and  n.  This  also  Hill  divide  the  wiiole  truss  into  triangles ;  and  it  is  then 
plain  Ch*t  en^oould  not  be  shortened  to  e  t  ^r  any  strttn  Jms  than  one  sufficient  to  break  the  post  by 
cnuhittg  it.  Therefore,  in  this  case  also,  fte  tross  ronut  have  remained  safe,  and  uachanged  in 
figure :  »r  the  post,  while  precepting  en  rrom  shorte^ng  to  e  »,  would,  as  a  consequence,  prevent  em 
fhnn  lenstheningto  ct.  Either  Che^Mir  or  »e  post  wfuld  be  a  couM«rbrace  against  the  tffeot  of  un- 
equal loading,  with  a  uniform  load  it  is  not  needed.  Neither  are  acMkional  counter  bracing  pieces 
seeded  i»  bridge  trusses  of  the  forms  Figs  10, 11, 12, 18,  provided  eaoh  web  somber  is  sooonstraotod 
as  to  bel^  alternately  campression  and  extehsioa. 

The  noxt  Fig  9  h,  shows  the  bad  effect  pebduced  in  a  2    t    h    J. 

nss  longer  than  Fig  9}i,  when  the  web  nembws  are  "'    -^    —    — 

not  so  Qonstructed.    In  the  Burr  bridge,  Fk;  36,  and  In 


truss  longer  than  Fig  9^,  when  the  web  i«emba-8  are 
not  so  Qonstructed.  In  the  Burr  bridge,  Fk;  36,  and  Id 
some  others,  although  the  trass  is  diVtdeClbto  triaU' 


gles.  yet  the  inclined  braces,  <e,  IkOt  are  often  impib-  Fifi^.  9^ 

Kly  adapted  to  bear  compression  only ;  their  ends  net 
ng  firmly  attached  to  the  chords.  Cepsequenthr, 
with  a  heavy  load  at  a,  tha  derangement  shown  in  Fig 
9h  (analogoes  to  that  In  Fig  9^)  takes  plMe.  To  pre- 
vent It.  oounterbraciiig  mu.u  bo  resorted  to.  either  bv  Phr  O^ 
insertiM  struts  or  lies  irtonc  the  dotted  dlaisenals;  or  "»•  f 
by  making  the  braoea  Mpable  of  resisting  tension  as 
well  as  oompression.  The  last  method  shoars  that  cdnnterbraoing  can  be  periVrt-med  without  tke  ad- 
dition of  pieoes  specially  called  connterbra|e^  an  \  denoted  by  tho  dotted  diagonals.  Att  that  is  re- 
qnired  itt  the  principle  of  onunterbraoing,  i|  to  so  arrange  and  connrct  the  several  web  members, 
Uiat  theatrain  produced  by  unequal  loadiag  at  anr point,  as  a,  between  the  abuts;  or  along  any 
portion  of  that  distance,  shidl  be  properly  transferred  by  them  to  both  abutmeMM. 

Art.  11.    Tbe  strains  in  aneii  trnsses  as  Fiir*  10  and  11, 

iDHy  be  tuutid  by  three  very  simple  proceasea  when  the  truss  and  its  loitd  are  nniform 
fruni  the  center  each  wu^.*  When  this  is  the  case  it  is  usual  and  safe  to  aasunie  that 
the  half  load  «p.  Fig  lu  or  11,  on  the  right  liand  of  the  center  e,  reKts  on  the  right 
band  sapport  p ;  and  that  the  hair  load  e  a  on  the  left  Inutd  of  the  center  e,  rests  on 
the  left  hand  support  a.f  It  is  often  assumed  alno.  for  Simplifying  the  calculations, 
that  the  entire  wtu^ht  of  the  truss  and  its  load  is  distributed  along  one  chord  only. 
Tilts  is  plaiiriy  Incorrect ;  but  inasmuch  as  the  exlran«nu»  load  (such  as  the  covering 
of  slate,  BtM>w,  etc.,  on  a  roof,  and  the  travelling  load  on  a  bridge)  in  many  eases  ac- 
tually does  rest  on  one  chord  only,  atid  is  grebt  in  comparison  with  Hie  weight  of  the 
truss  nlone,  tbe  error  arialug  from  tiie  assumption  in  »uch  catea  is  not  of  practical 
importance. 

But  In  bridges  of  great  siMin  tbe  weight  of  tbe  truss  may  bear  a  large  proportion 
to  that  of  its  loa4-;  «t*  there  may  b^  an  upper  ao4ft  lowor  roadway,  one  resting  on 
eaeh  chord;  and  a  roof  truss  ms^  have  to  bearliot  only  the  covering,  snow,  Ac,  on 
its  upper  chord  or  rafters:  but  a  Hoor  wlih  a  plastered  ceiling  beneath  it,  and  all 
tbe  loiMl  incident  to  any  ordinary  ro^m,  on  its  lower  chord.  In  suck  cases  the  entire 
weight  of  tbe  truss  and  load  must  be  properly  distributed  aloug-Y>oth  chords  before 
wip  can  oorreetiy  find  tbe  strains.  But  this  will  in  no  way  affect  the  principle  of  the 
three  processes  wliich  we  srs  about  to  explain,  and  as  we  proceed  we  shall  give  di- 
rections for  both  casst. 

*  It  ts  not  necessity  that  tbe  entire  load  should  in  Utflf  be  uniform ;  but  merely 
Qsiform  each  way  yhm»  the  cenUr.  Thus  at «  may  be  say  I  ton ;  at  d  and  m  each  say 
5  tons ;  at  c  And  a  each.2  tons,  ifcc. 

fTliis  assnmption  is  nntrne,  and  opposed  to  the  unvarying  law  that 
•very  individual  portion  of  the  entire  weight  rests  partly  on  each  support.  Thus, 
one  portion  of  tbe  load  at  o  rests  partly  on^  and  partly  on  a;  and  so  with  every 
other  portion ;  and  on  this  ^ct  depends  the  difference  in  the  methods  of  calculating 
tlie  strains  from  uniform,  and  ununiform  or  moving  loads.  When,  however,  the 
weight  of  tbe  truss  and  load  is  uniform  each  way  from  the  center  we  obtain  corre*' 
results,  and  more  readily  by  adopting  the  erroneous  assumption. 
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IlefflMiilBfr  titken  wltli  iiBlC»nttljr  dl»ta*lb«t«d  welffhts  #r 
trass  anci  load,  aud  Mwuming  all  uf  iMid  weigliu  U>  rt»(  on  tb«  lung  cbord  a  m 
prepare  a  correct  skeleton  diagraiuof  the  truM  (cir  at  least  of  une*hal('  oi  it),  suvb  as 
Figs  10  and  11,  in  which  the  height  or  depth  «  »,  fig  10,  is  the  vert  Oistauoe  between 
the  centers  of  the  depths  of  the  two  horizontal  chords.  A  scale  of  from  y%%o%id 
aa  inch  to  a  foot  will  generally  be  large  enough. 

Tlien  the  first  process  ii  the  very  easy  one  of  ascertaining  how  much  of  the 
total  oniform  weight  is  to  be  considered  as  sustained  at  each  point  of  support  aluiis 
either  the  top  or  the  bottom  chord,  aa  the  case  may  be;  remembering  that  one  half 
of  each  end  panel  ii  sustained  directly  by  the  abut  nearest  to  it,  as  in  the  preoeUlng 
cases. 

In  order  more  fully  to  illustrate  the  following  Articles,  we  shall  assume  each  of 
the  tnusee,  pp  558,  570,  571, 672,  574,  686  and  586,  to  be  64  ft  long,  and  16  ft  high, 
and  to  be  divided  into  8  equal  panels.  Total  uniform  wt  of  one  tniss  and  its  load, 
3i  tons ;  or  4  tons  to  a  panel.  tSonsequeatly  there  wilt  be  9  points  of  sspport  to  each 
tnus.  Thus,  in  Figs  14, 16,  and  16,  in  which  the  load  k  supposed  to  rest  on  top  of 
the  tms8,  and  in  ngs  10  and  11,  in  which  It  roeli  apau  tha  bottom,  the  potnta  of 
snpport  are  at  a,  6,  c,  d,  e,  m,  s,  o,  p.  Some  of  these  are  not  shown  in  tha  first  threa 
Pigs.  If  both  chords  are  loaded,  there  will  be  points  of  support  in  the  short  one 
also.  Thus,  in  Fig  10  there  will  be  7,  and  in  Fig  11  there  will  be  8  of  them.  Now, 
in  Figs  10  and  11,  tc,  x,  y,  etc.,  being  midway  between  the  paints  of  support,  it  is 
plain  that  (assuming  all  the  weight  to  be  un  the  lower  chord)  the  point  n  must  stis* 
taiu  that  portion  of  it  comprised  between  to  and  x;  a  ail  between  y  and  x ;  while 
the  abut  p  sustains  dirtctly  the  portion  fh)m  to  top.  The  same  principle  applies  to 
all  the  other  trusses;  and  equully  so  wliether  the  panels  be  of  the  same  width  or 
not;  each  point  of  support  is  HMumed  to  sustain  all  um  uaitoun  wt  of  trvsaand  load 
between  itself  awd  the  two  points  midway  to  tbe  at^aceut  points  of  support,  how- 
ever unequal  the  two  distances  may  be.  In  our  Figs  10  to  16,  the  strong  dotted  lines 
of  the  web  membera  represent  ties;  the  full  Hues,  struts.  The  dots  hitimate  that 
cAoiiu  may  serve  aa  tie*.  When  the  panels  are  of  equal  length,  p  o,  o  n,  etc.,  tlie  dis- 
tance from  p  to  tc  will  be  but  half  a  panel ;  so  that  each  abut  will  directiff  sustain 
but  half  as  much  wt  as  each  other  point.  Therefore,  to  find  the  amount  of  wt  sus- 
tained at  each  of  the  nine  p(HBts  of  support,  we  have  only  to  div  the  total  wt  (32 

32 
tons)  by  a  number  less  by  1  than  the  number  of  points.    The  quot  —  =  4  tous,  will 

be  &  full  panelrloadt  to  be  at  each  point,  except  the  two  end  ones,  a  aud  p,  at  the 
abuts ;  at  each  of  which  it  will  be  but  lialf  of  one  of  the  ftiU  paneMoads,  or  two 
tons.*  The  amounts  of  these  panel  and  linlf-panei  loads  should  at  once  be  flared  on 
the  sketch  at  their  proper  points,  as  is  done  in  our  Figs ;  a  2  being  placed  at  each  end 
of  the  trass ;  and  a  4  at  the  other  points.  £adi  of  these  panel-loads  of  course  caiKea 
a  vert  strain  equal  to  itself  where  it  rests.  As  the  strains  on  one  half  of  the  truss 
are  the  same  as  those  on  the  other  half,  the  numbers  need  only  be  written  on  ose^ 
ihem;  indeed,  the  sketch,  as  a  general  rule,  need  show  but  one  half  of  the  truss. 

If  there  Is  a  load  on  tbe  otber  chord  also,  it  must  be  in  the  same 
way  divided  among  the  points  of  support  of  that  chord,  and  be  figured  as  before. 

The  second  process.  AH  the  panel-loiids  are  of  course  eventually  trans- 
mitted through  the  truss  to  the  abuts;  as  is  manifest  from  the  fact  that  each  abut 
sustains  half  the  total  load.  But  each  panel-Iuad,  while  travelling,  aa  It  were,  ap 
and  down  alternate  web  members  from  its  original  point  of  support,  to  the  nearest 
abut|  places,  so  to  speak,  an  additional  load,  or  more  correctly  produces  an  addi- 
tional vert  strain  equal  to  itself,  at  every  intervening  point  of  snpport  in  each 
efaord.f  Our  second  process  consists  in  finding  the  amount  of  this  additional  vert 
UraiM  at  each  point  of  support. 

a  This  of  course  is  only  when  the  end  panels  are  of  the  same  length  as  the  others. 
When  not  so,  the  loads  at  the  points  of  support  and  on  the  abutments  will  plainly 
Tary  from  the  above. 

f  In  trusses  like  Figs  10  and  11,  with  two  horizontal  chords,  the  panel  loads  are 
transferred  directly  from  their  points  of  support  via  the  web  members  to  the  abuts. 
In  such  trusses  the  strains  in  the  web  members  are  least  at  the  cen  of  the  span,  and 
greatest  at  its  ends ;  while  those  in  the  chords  are  greatest  at  the  cen  and  least  at  the 
ends.  This  Is  indicated  in  the  Figs  by  the  diff  thicknesses  of  the  lines  representing 
these  members.  But  in  Figs  14, 15  and  16,  the  panel  loads  divide  at  their  respective 
panel  points,  as  explained  in  Rem  p  573 ;  a  portion  of  each  panel  load  going  directly 
to  the  nearest  abut  via  the  sloping  rafter ;  the  remainder  going  first  to  the  cen  «  vte 
the  web  members,  whence  it  finally  reaches  the  abuts  via  the  rafters  Figs  14  and  16, 
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lu  FfgB  10  and  11,  with  parttHH  h&rmnOt^  upper  and  Vmer  chord*,  the  vert  •tratus 
are  very  eiisily  found,  thira  :  Remembering  tbat  ouly  haJlif  of  the  oenter  panel-load 
ttmiu  at  e  guen  tu  each  abut,  begiu  with  the  4  tuns  at  e. 

lu  Fig.  10  these  4  tons  flntt  go  up  the  tie  et  to  t,  where  they  produce  a  vert  strain 
of  4  tons,  which  figure  as  iu  the  diagram.  But  at  i  these  4  tons  separate ;  2  of  them 
going  to  the  abut  p,  and  the  other  2  to  the  abat  u.  The  last  2  first  pass  down  •'  d  to 
d,  where  also  they  produce  a  vert  strain  of  '2  tons,  which  also  figure,  as  must  be  done 
with  all  that  follow.  At  d  these  2  tons  unite  with,  or  as  it  were  take  np  and  carry 
along  with  them  the  4  tons  already  there;  and  the  entire  6  tons  go  up  the  tie  (2  j  toj, 
where  they  produce  a  vert  strain  of  6  tons.  From  j  these  6  tons  go  down  the  strut 
jciocy  where  they  also  produce  a  vert  strain  of  6  tons.  At  c  these  tf  tons  take  up 
the  4  tons  already  there,  and  the  entire  10  tons  go  up  c  A;  to  k;  and  tlius  the  process 
continues  until  14  tons  find  their  way  to  the  abut  a,  where  thev  meet  the  2  tone  of 
load  already  there;  thus  making  16  tons,  or  one-^Md/  the  vol  of  m«  trum  and  iU  lomd; 
whicli  is  a  proof  that  our  work  is  correct  so  far. 

In  Fig  11,  the  4  tons  at  the  center  e  separate  there ;  2  of  them  going  up  <  »'  to  »',  and 
thence  to  the  abut  a  as  before. 

lu  either  Fig  If  tbere  in  a  luiiforai  load  oa  eaeb  eliorcl  there  is  no 
difference  in  ttie  second  process ;  for  after  having  by  tlte  "  first  process  "  divided  each 
load  among  the  points  of  support  of  its  own  chord,  the  portion  at  each  point  must 
be  taken  up  as  it  occurs,  and  carried  on  with  the  others  to  the  abutment  as  before. 

Tile  tbird  and  last  process  consists  in  completing  our  sketch,  or  diagram, 
in  such  a  manner  as  to  enable  us  to  measure  by  scale  the  strains  produced  along 
every  member  of  the  truss,  by  these  vert  strains  thus  accumulated  at  the  diff  points 
of  support,  a,  (,  c  /,  it,  etc. 

To  do  this  In  Fl|r  19  {^9A  is,  whenever  the  web  members  are  alternately 

vertical  and  oblique)  from  each  point  of  support  of  one  chord  only,  beginning  •€  the 
center  apex  t,  draw  a  vert  line  as  t  v,  jr,  etc.,  to  represent  by  any  convenient  scale,* 
the  vert  strain  figured  at  said  point ;  except  at  the  center  one  t,  where  the'Vert  line 
must  represent  only  half  the  vert  strain,  inasmuch  as  that  is  all  that  goes  to  each 
abut.  Draw  also  the  hor  lines  v  «,  v  u,  etc.  Then  will  each  oblique  line  t  u^j  tt,  etc., 
give  by  the  same  scale  the  strain  (2.2,  6.7, 11.2, 16.7)  along  its  own  oblique  web  mem- 
uer,as  flgd.  The  hor  lines  give  the  lior  strains  exerted  on  the  chords  by  each  oMique 
at  both  its  ends.  We  have  flgui-ed  all  these  strains  (7,5, 3, 1)  at  tlie  head  and  foot  of 
each  oblique.  Each  of  these  hor  strains  extends  from  the  ends  of  the  oblique,  to 
the  center  of  the  chord;  therefore  the  end  stretches  of  the  chords  bear  7  tons  hor 
strain ;  the  next  ones  7  +  6  =  12  tons ;  the  next  ones  7  -f  d  +  3  =»  15  tons ;  and  tlie 
center  one  7+d  +  3  +  l>=16  tons;  all  of  which  are  figured  aloiig  the  choi-ds.* 

We  liave  said  that  the  vert,  hor,  and  oblique  sides  of  the  triangles  give  the  strains* 
but  it  would  be  more  correct  to  say  that  each  of  them  gives  a  force*  which  being 
bahinced  by  the  other  two,  thereby  causes  a  strain  equal  to  itself,  instead  of  mo* 
tlon. 

Tbe  bor  strains  at  tbe  centers  of  tbe  two  cbords  will  be 
eanal  in  both  Figs  10  and  11,  whether  one  or  both  chords  be  uniformly  loaded; 
or  If  the  truss  be  inverted:  with  only  the  exception  in  the  foot  note.* 

or  via  Uie  two  inclined  ties  in  Fig  15,  of  which  i  a  is  one.  In  such  oases  the  strains 
on  the  web  members  are  greatest  at  the  cen  of  the  span,  and  least  at  its  ends ;  while 
those  on  the  tie  beam  and  rafters,  Figs  14  and  16,  and  on  the  tie  rods  and  hor  chord 
Fig  15,  are  greatest  at  the  ends  of  the  span  and  least  at  its  cen.  This  also  is  indicated 
in  Figs  14,  15  and  16  by  difis  in  the  thicknesses  of  the  lines,  and  is  the  exact  reverse 
of  the  case  of  Figs  10  and  11. 

*  When  at  the  eaUral  apex  i,  Fig  10,  the  two  ends  of  the  obliques  td,  im,  which 
meet  there,  are  so  arranged  as  to  butt  tight  against  each  othei\  then  the  center  hor 
strain  of  1  ton  at  that  point  is  not  borne  by  the  chords,  but  by  the  obli<|ne8  them- 
selves ;  so  that  there  will  then  be  that  much  less  strain  at  the  center  point  of  that 
chord  than  along  the  center  stretch  d  m  of  tbe  other  chord.  But  if  instead  of  this, 
they  abut  ngainsc  the  chords  at  some  little  distance  from  each  other,  then  the  chord 
also  receives  the  strain ;  so  that  the  hor  strains  at  the  centers  of  the  two  chords 
become  equal,  as  we  assume  to  be  the  case  in  all  our  Figs  of  uniform  truwtes  uni- 
formly loaded  each  way  from  the  center.  The  same  remark  applies  to  the  hor  stnUn 
of  .5  of  a  ton  at  the  center  apex  e  of  Fig  11. 
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The  strain  along  the  center  yert  tie  ei  of  Fig  10,  will  be  equal  to  the  4  tons  at  «; 
and  tolun  Uie  tnUre  tot  is  assumed  to  be  on  the  long  chords  the  vert  lines  at  the  otlier 
points  of  support  will  give  the  vert  pulling  strains  on  the  other  verts,  as  6,  10,  14. 

Bat  with  loads  upon  both  chords  this  last  will  not  be  the  case;  bat 
the  strain  on  each  vert  tie  will  then  be  equal  to  the  vert  strain  at  its  foot.* 

If  the  loaded  trnss  ts  ta  verted,  the  verts  become  struts  or  posts,  and 
the  obliques  ties ;  also  the  strain  on  ench  vert  is  then  the  one  figured  at  its  top;  but 
the  amount  of  strain  on  each  part  of  the  entire  truss  will  remain  as  before. 

In  Fig  10  all 'the  uniform  wt  is  on  the  long  chord,  and  the  resulting  strains  are 
all  figured  on  the  diagram.  We  add  the  strains  that  would  occur  in  case  there  were 
an  €uiditionai  uniform  load  of  6  tons  on  the  upper  chord  from  /to  t.  This  would  give 
1  ton  at  each  point  of  support  along  that  chord,  except  the  two  end  ones  I  and  ^  at 
each  of  which  it  would  be  but  .5  of  a  ton.  All  these  must  be  figured  on  the  short 
chord  of  the  diagram,  us  were  4,  4,  &c,  on  the  long  one.  The  student  maj  then 
work  ont  the  case  for  bimselt  We  repeat  that  uniform  trasses  and  loads  require  no 
counter-bracing. 

For  Fig:  10,  hut  for  a  load  on  eaeh  chord. 


e<=   4.   tons. 

id=   2.8   tons. 

a&or    lk=    8.5    tons 

di=    6.5    " 
cfc  =  11.5    « 

jc=    8.39    »» 
*  6  =-13.98    " 

6  cor  fcy=  14.76    " 

c  d  or  J  i  x=  18.50    " 

61=16.6    " 

fa  =  19.01    " 

deoT  at  »  =  19.75    « 

For  the  '*  third  process "  in  Fig:  11  (or  when  all  the  web  members  aie 
ohliqne,  whether  equally  so  or  not)  after  having  found  and  figured  the  Iwids  and  vert 
strains  at  each  porot  of  support  preciselj  as  directed  for  Fig  10,  then  from  every 
such  point  in  both  chords  draw  a  vert  line  as  « v,  i  v,  d  v,  &c ;  tind  on  it  lay  off  sepa- 
rately by  scale  both  the  vert  strain  that  amies  to  that  point  tl\rougli  a  web  member 
from  towards  the  center  of  the  truss ;  and  tli^one  that  gomfrom  it  through  another 
web  member  towards  the  abut ;  except  that  atlhe  very  starting  point  «,  Fig  11,  there 
is  but  one  vert  strain  (the  one  of  2  tons  going  from  it) ;  and  at  the  very  end  a  also 
there  is  but  one,  namely  that  of  14  tons  coming  to  it  along  the  oblique  la;  for  the 
2  tons  at  a  are  not  to  be  included,  because  they  do  not  reach  a  by  means  of  a  web 
member.    Therefore  both  at  e  and  at  a  only  a  single  vert  strain  is  to  be  laid  oCt 

*  It  is  so  in  both  cases,  for  in  any  of  these  trusses  under  stationary  loads 
the  strain  aloug  a  web  tie  whether  vert  or  oblique  may  be  considered  to  commence 
at  its  lower  end,  that  being  the  end  at  which  the  panel  loads  first  act  on  their  route 
to  the  abat,and  up  which  they  as  it  were  work  their  way.  But  uuder  moving  loads 
the^same  member  mav  have  to  act  both  as  a  tie  and  a  strut;  hence  the  remark 
will  not  apply  to  such.  Referring  to  what  is  said  above,  wlien  the  entire  wt  is 
on  only  one  chord,  the  vert  strains  at  the  two  ends  of  any  tie  in  Fig  10  are  equal. 
Hence  a  line  drawn  to  represent  the  upper  one,  may  be  assumed  to  repre- 
sent also  the  lower  one.  But  when  both  chords  are  loaded,  ttie  vert  strains 
fignced  at  the  two  ends  of  any  tie  are  unequal,  imd  we  must  then  have  regard 
to  the  true  principle.  If  the  verts  should  be  stmts  or  posts  (as 
if  Fig  10  should  be  inverted)  then  any  strain  along  them  must  be  received  n*om 
their  tops,  or  the  reverse  of  the  ease  with  Ues.  It  will  aid  the  student  very 
much  in  what  follows  to  fomiliarize  himself  with  the  idea  that  strains  pass 
only  down  the  stmts,  and  op  the  ties. 

f  When  all  the  wt  of  truss  and  load  is  assumed  to  be  on  the  long  chord  as  in  our 
Fig  11,  then  the  vert  strain  that  comes  to  any  point  in  the  short  chord  by  one  web 
member  is  plainly  the  same  in  amount  as  that  which  goes  from  it  by  the  other  web 
member  ^  and  hence  only  one  vert  measurement  need  be  laid  off  for  it,  as  is  seen  at 
i'  v,j  V,  A:  V,  I «,  in  the  Vtg.  But  at  the  long  chord  (or  at  both  chords  when  there  is 
a  Io«d  on  both)  the  vert  stmin  that  comes  to  any  point  is  less  than  the  one  that  goes 
from  it  towards  the  abut,  and  is  evidently  the  one  last  figured  at  that  point,  as  the 
2,  6, 10,  Ac,  tons  at  d,  o,  6,  Ac,  in  Fig  11 ;  while  the  one  that  goes  from  that  point 
towards  the  abnt  is  as  evidently  equal  to  the  sum  of  the  two  strains  figured  at  that 
point,  as  the  6, 10,  14,  Ac,  tons  at  d,  c,  6,  Ac.  When  both  chords  are  loaded  there  will 
be  two  vert  strains  to  be  figured  at  each  point  of  support  in  both  chords,  except  at 
the  very  starting  point,  and  at  each  abut,  where  will  be  but  one  in  any  case. 
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Drnw  also  the  bor  lines,  thus  forming  a  series  of  triangles  (as  t  v ti,  « v u,JvtL,jvu, 
Ac,  of  the  upper  chord;  and  avu,bvu,bzu,  Ac,  of  the  lower  chord),  each  with 
one  vert,  one  hor,  and  one  oblique  side.  Then  the  combitud  hor  strain  exerted 
upon  either  chord,  bjf  the  oblique*  at  any  point  of  support  and  by  the  part  toad  (if 
any)8upi>orted  there;  will  be  measured  by  the  sum  of  the  two  hor  Xihes  directly  f)pp(h 
tite  to  said  point,  except  at  the  center  «,  and  at  the  end  a.  at  each  of  which  it  will  be 
measured  by  the  single  hor  line  v  m,  or  v  u,  opposite  each.*  These  hor  strains  (7,  5, 
3,  I  tons  on  the  upper  chord ;  and  3.6,  6, 4, 2,  .6  on  the  lower  chord)  are  figured  close 
to  the  points  of  support  at  which  they  occur ;  and  the  total  hor  strains  on  the  sev- 
eral stretches  of  the  chords  are  figured  midway  of  said  stretches.f  * 

The  strain  alougr  ^^W  obliqne  as^c,  will  be  measured  by  theoUiqos 
fide  J  M,  or  c  u,  of  either  one  of  the  two  triangles  on  either  side  of  it;  and  this  will 
be  the  case  whether  one  or  both  chords  be  loaded ;  or  If  the  trues  and  load  be  Id- 
verted.  All  the  strains  in  Fig  11  (loaded  on  the  long  chord  only)  being  figured  on 
the  diagram,  we  give  below  the  strains  that  would  occur  In  case  there  were  an  arf- 
dilional  uniform  load  of  7  tons  on  the  short  chord  from  I  tot;  which  would  gire  1 
ton  at  each  point  of  support  along  ^hat  chord,  except  the  two  end  ones  I  and  t,  at 
each  of  which  it  would  be  bat  ^  of  a  too.  All  these  most  first  be  figured  on  the 
short  chord  of  the  diagram,  as  were  4, 4,  Ac,  on  the  long  one.  The  student  may 
then  work  out  the  case  for  himself. 


« t  =  2.06  tons. 
»d  =  3.09    " 
d>=-7.22    « 
;Pc  =  8.26    ** 


For  Tifs  11,  but  for  a  load  on  eaeh  chord. 


ck  =  12.36  tons. 
kb=  13.40    " 
6Z  =  17.58    " 
Io«=18.04    « 


ab=    4.38  tons. 
6c  ^11.88    " 
cd  =  16.88    " 
d«  =  19.38    " 
at  «^  19.88    ** 


It=    8.e3t 
kj  =  14.88 
j  i  =  18.63 
•  to  center  =  19.88 


Art  12.  Tho  strains  in  Fies  10  and  11  may  readily  be  calcn* 
lated  (after  having  by  the  **  fint  and  second  processes  "  found  the  vert  strains  at 
all  the  points  of  support)  whetiier  one  or  both  chords  be  loaded,  or  if  the  truss  and 
loodjbe  inverted.  Thus,  divide  the  hor  stretch  of  an  oblique  by  its  vert  stretch ;  the 
quotient  will  be  the  natnral  tanfpent  (.5  for  Fig  10,  and  .25  for  Fig  11)  of  the 
angle  (26^  34'  in  Fig  10,  and  14°  2'  in  Fig  11)  which  the  oblique  forms  with  a  vert 
line.  Divide  the  actual  length  of  an  oblique  by  its  vert  stretch ;  the  quotient  will 
be  the  nat  secant  (1.12  for  Fig  10,  and  1.03  for  Fig  11)  of  the  same  angle.  Then 
the  strain  alonn:  any  obllqne  in  Fig  10  or  11,  is  found  by  m«ltiplyii%  the 
vert  strain  that  travels  towards  the  abutment  along  said  oblique,  bv  the  nat  secant 

The  hor  strain  on  either  chord,  caused  by  either  end  of  any  oUiqne, 
is  in  Fig  10  equal  to  the  vert  strain  that  tmvela  along  said  oblique  towards  the  abut- 
ment, mult  by  nat  tstngent.  And  in  Fig  11,  it  is  equal  to  the  vert  strain  that  eomei 
to,  added  to  that  which  goes  from  any  end  of  an  oblique,  mult  by  nat  tang;  excq^ 
at  thj9  center  and  end,  where  the  single  vert  strain  must  be  mult  by  nat  tang. 

All  this  is  simply  because  that  if  we  assume  the  vert  side  of  any  one  of  the  tri- 
angles to  be  radius  or  1,  then  the  hor  side  becomes  by  that  same  scale  th«  nat  taag 
of  the  angle  which  it  subtends ;  while  the  oblique  side  becomes  the  Bat  secant  <tf 
the  same  angle. 

The  principle  of  the  mode  of  flndlnfr  tlie  strains  in  Visnt  10  and 
11  is  this.  We  know  that  if  three  forces  are  in  equilibrium  with  eaclt  other  at  any 
point,  the  lines  which  represent  them  will  form  •  trini^o.    Now  at  every  point  of 

*  Each  of  the  upper  hor  lines  ie  u,  u  it,  Ac,  in  Fig  11  is  to  be  considered  as  com- 
posed of  two  separate  ones  v  u,  v  ti,  Ac ;  the  right  hand  one  of  which  measures  the 
hor  strain  caused  by  the  vert  strain  that  come$  to  i,  j,  Ac;  while  the  lert  hand  oue 
measures  the  hor  strain  caused  by  tlie  vert  one  that  goa,from  »,j,  Ac,  towards  the 
abutment.  Such  lines  its  t«  u,  u  u,  Ac,  occur  only  when  all  the  wt  is  on  one  chord ; 
for  when  both  chords  are  loaded,  the  vert  strain  that  comes  to,  and  that  which  goes 
from  any  point  of  support  differ,  therefore  requiring  two  unequal  vert  measurements, 
and  two  unequal  hor  lines  at  each  point  of  support  of  boUi  chorda,  except  at  the 
center,  and  at  the  ends ;  at  each  of  which  will  be  but  one. 

xr..m.^^^ ,    Total  uniform  wt  X  span     ,       ,    ,     ,      ^ 

t  The  common  rnle s— z ^-     -     .    .  ^ —  *=  ^^  strain  at  center 

8  times  the  heifirht 

of  either  hor  chor<l,  is  not  strictly  correct  except  when  both  chords  extend  the  full 
length  of  the  span,  and  are  both  loaded  throughout  their  entire  length;  orintlie 
impossible  case  of  the  entire  wt  being  on  the  long  chord.  Still  in  ordinary  cases  it 
18  a  sufficiently  close  approximation.    On  this  subject  see  Art  19. 
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mpport  in  Fig  10  we  have  one  set  of  three  snch  forces ;  and  in  Fig  11,  two  sets.  In 
Fig  10  it  was  not  necessary  to  show  those  at  the  long  chord.  Now  each  set,  or  each 
triangle  represents  a  vert  force,  a  hor  one,  and  an  oblique  one,  keeping  each  other 
in  eqnilibriam  at  the  point  of  sapport.  It  is  tme  that  there  are  other  forces  acting 
at  the  same  point,  hufr  as  they  hold  each  other  in  equilibrium,  they  do  not  interfere 
with  the  first  ones.  Thus,  both  the  7  and  the  12  tons  hor  forces  along  tlie  chord  at 
k  are  balanced  or  held  in  equilibrium  by  the  equal  ones  from  t  and  s,  on  the  other 
half  of  the  truss;  without  disturbing  the  forces  represented  by  the  sides  of  the  tri- 
angles.   Hence  by  measuring  those  sides  we  obtain  the  forces  and  strains  themselves. 


or  bjr  ealcnlMtlon 


Tlie  same  principle  either  bjr  diasram 
applies  to  Fl§:s  13  to  13^,  when 
uniform  and  uniformly  loaded.  In  those 
Figs  all  the  weight  is  here  assumed  to  be 
on  the  long  chord;  (but  after  what  we 
have  said,  no  difficulty  can  arise  when 
placing  loads  on  the  other  chord  also.) 
AH  said  wt  is  first  to  be  properly  dis- 
tribnted  among  the  points  of  support  on 
said  long  cliord,  and  there  figured,  as 
shown  by  the  upper  48  and  28  along  that 
chord  in  the  Figs.  This  being  done,  we 
have  figured  all  the  other  vert  strains, 
tlins  providing  the  data  for  drawing  the 
vert  sides  of  the  triangles ;  and  these  in 
turn  give  us  the  hor  and  oblique  sides 
which  measure  the  corresponding  strains, 
and  all  of  which  are  drawn  on  the  Figs. 

All  these  trusses  being  uniform  and 
uniformly  loaded  from  the  center  each 
way  require  no  counter  bracing.  Bear  in  * 
mind  that  the  vert  strains  that  accumu- 
late at  an  abut  must  equal  half  the  wt  of 
the  truss  and  its  load. 

In  Figr  13,  with  no  oblique  at  the 
eenter,  the  4  tons  at  o  having  no  oblique 
iu  contact  on  either  side  of  them,  go  to  6 ; 
and  on  their  way  to  6  strain  ab  4  tons. 
From  b  all  4  go  along  the  web  members 
to  the  nearest  abut  e  as  figured. 

In  Vign  13^  and  13  the  web  mem- 
bers of  each  are  to  be  regarded  in  eome 
degree  as  belonging  to  two  separate 
trusses,  namely  abode  and  mn  o  p  ein 
Fig  12^ ;  and  abode  and  mn  a  de  in 
Fig  13;  and  the  vert  strains  at  their  ends 
are  to  be  found  on  that  assumption,  as 
figured.    In  Fig  13,  o  d  is  a  vertical  tie. 

In  Fi|r  13^  there  being  at  none  of 
the  4  ton  loads  on  the  long  chord  an  ob- 
lique in  contact  with  them  on  either  side, 
they  (like  that  at  «  Fig  10,  or  at  a  Fig  12) 
pass  each  by  itself  vertically  to  the  upper 
chord,  where  figure  them.  Of  those  at  6, 
2  go  to  the  abut  e  by  way  of  the  oblique 
he;  bat  the  other  two  4s  oU  go  to  «,  each 
by  its  own  oblique.  Bach  of  the  three 
hor  lines  gives  the  strain  exerted  upon 
the  upper  chord  at  the  resitective  panel 
point;  but  the  hor  strain  along  the  lower 
chord  is  uniform  from  end  to  end,  because  all  the  forces  that  produce  it  act  at  its 
•nds  only.    It  is  equal  to  the  sum  of  the  three  hor  lines. 

41 
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In  Fi|r  13^  at  the  4  ton  loftds  at  e  and  <,  there  is  no  ohllqne  in  contact  witti 
them  on  either  side ;  therefore  they  pass  at  once  vertically  to  ( and  y,  where  figure 
them.    Then  begin  with  2  of  the  4  tons  at  a. 

All  loads  that  have  no  oblique  in  contact  oil  eltber  side,  whether  sustained 
by  vert  ties  or  by  Tert  posts,  are  to  be  Ihns  transferred  atonee  to  the  opposite 
chord  in  order  to  meet  an  obliqne  alon^  ^rhlth  to  tra^et  to  the  nearest  abut;  and 
said  vert  ties  or  posts  will  be  strained  to  the  amounts  of  said  loads. 


Art.  12^  If  •Tine  loads  and  eonnterbracingr.  Th<«  foregoin| 
investigations  refer  to  cases  where  the  load  is  always  in  the  same  position,  and  of 
the  same  amount;  and  where,  consequently  the  strain  on  any  given  member  is 
constant.  But  in  many  cases,  as  in  railroad  bridges,  the  amount,  and  mannerof 
distribution,  of  the  load,  ctiange  greatly  from  time  to  time,  so  that  the  strain  on  a 
given  member  may  vary  greatly  in  anuRint,  and  may  even  change  from  tension 
to  compression  or  vice  versa.  In' the  present  article  we  investigate  these  changes 
in  the  strains,  caused  by  changes  in  the  position  of  the  load. 

To  simplify  the  subject,  we  regard  the  weight  of  the  locomotive  as  being  «•«• 
formly  distributed  over  its  length,  as  shown  in  Fig  13/;  and  this  sufSces  to  illus- 
trate "the  principle.  But  specifications  firequently  call  for  calculations  based 
upon  the  actual  load  on  each  pair  of  wheett  of  an  actual  or  assumed  engine  aud 
tender,  as  shown  on  p  546. 

For  simplicity,  also,  we  here  seek  only  the  maximum  strain  on  each  member, 
i  n  order  to  determine  where  cotinterbraces  are  required.  In  practice  it  is  necessary  to 
note  not  only  the  maxinnim  but  also  tlie  minimum  strain  on  each  member;  for 
when  the  strain  on  a  member  is  subject  to  great  and  frequent  variations,  espe- 
cially where  it  changes  from  tension  to  compression  or  vice  versa,  the  ultimate 
strength  of  the  member  is  reduced  to  an  important  extent.    See  p  43.*!. 

We  will  calculate  the  maximum  strains  in  a  bridge  Fig  13/of  120  ft  span  ««, 
divided  into  6  panels,  each  20  ft  long  and  30  ft  high.  For  convenience  of  calcu- 
lation we  will  suppose  the  fig  to  represent  the  two  trusses  of  such  a  bridge  eom- 
biTied  into  one.  We  first  calculate  the  max  strain  in  each  member  of  this  sup- 
posed double  truss,  and  (hen  divide  each  strain  by  2  for  the  actual  strain  in  the 
corresponding  member  of  each  actual  truss. 

The  weight  of  this  double  truss  is  48  tons;  or  8  tons  per  panel ;  or  .4  ton  p«r 
ft  run.  The  floor,  and  its  several  timbers,  such  as  cross  girders,  hor  bracing, 
Ac,  which,  although  not  portions  of  the  truss  proper,  are  essential  to  the  bridge; 
and  to  be  considered  as  so  much  permanent  loaa,  equally  distributed  along  the 
truss,  are  assumed  to  weigh  an  additional  24  tons ;  or  4  tons  per  panel ;  or  J2  ton 
per  ft  run  of  the  double  truss.  Therefore,  the  truss  and  its  accompaniments  to- 
gether, or  in  other  words,  the  bridge  superstructure,  weighs  72  tons;  or  12  tons 
per  panel;  or  .6ofatou  per  ft  run.    Since  each  panel  fe  20  ft  long,  and  30  ft 


high,  each  oblique  is  v^208  +  30*  =  86  ft  long :  and  the  secant  of  the  angle  which 
it  forms  with  a  vert,  (or  of  the  brace  an^le,)  is  =  length  of  oblique  -*■  its  vert 
spread  =  36  -^  30  =  1.2:  and  the  nat  tang  of  the  same  angle  is  «  hor  spread 
-f-  vert  spread  =»  20  -j-  30  =«  .6667. 


y  Google 


TRUSSES.  565 

The  moving  Inatl  is  assumed  to  consist  of  an  engine,  yt,  weighing  36  tons;  all  ot 
which  is  aiipposed  to  be  so  cuncent rated  on  its  drivers,  as  to  stand  npon  the  length 
of  one  paneL  The  engine  is  supposed  to  be  fol- 

lowed by  a  tender  and  cars,  weighing  21  tons  per  panel ;  or  1.05  ton  per  ft  run. 

Tlie  greater  dnn^er  from  engrines.  arisen  from  the  fact  that  iu  many 
of  them,  especially  in  heavy  freight  engines,  all  the  wt  is  concentrated  upon  their 
driving  wheels ;  which  are  so  close  together  that  a  30  or  40  ton  engine  on  8  drivers, 
will  often  have  its  entire  wt  sustained  upon  only  12  to  15  feet  length  of  the  truss; 
thus  bringing  a  great  strain  upon  each  individual  web-member,  as  it  crosses  the 
bridge.  This  point  is  one  of  the  greatest  importance  in  arran^ng  the  preliminary 
data  on  which  to  form  the  basis  for  calculating  the  strains  on  a  Dridge  tmss ;  and  we 
t»liould  allow  liberally  for  the  greatest  load  tihat  can  possibly  be  brought  upon  one 
panel  at  a  time,  ^'hen  the  panels  are  quite  short,  each  one  will  have  uf  course 
t4>  sustHin  only  a  smaller  portion  of  the  wt  of  engine;  it  may,  indeed,  have  to  be  di- 
vided among  2,  3,  or.  4  of  them. 

The  fact  that  the  en^ne  produces  upon  each  panel  in  succession,  a  greater  strain 
than  an  equal  length  of  loaded  cai's  cuu  do,  causes  a  modificatiou  of  the  calcula- 
tions ;  as  will  be  seen  as  we  proceed. 

Snch  data  roust  be  prepared  before  beginning  the  calculations.  Our  assumptions 
in  the  case  l>efore  us  have  been  made  entirely  with  reference  to  ease  of  calculating 
our  example  with  but  few  figures.  Our  truss,  together  with  a  load  of  cars  extending 
from  end  to  end,  will  weigh  198  tons ;  or  1.H5  tons  per  ft  run :  or  33  tons  per  panel. 

Havinjg  prepared  a  dia^um,  begin  by  finding  the  strains  caused  in  only  the  verts 
and  obliques,  My  the  bridge  itself,  half  the  wt  of  the  trussjaioue.beiujg  considered 
to  be  on  the  top  chord,  while  all  of  the  weight  (24  tons)  of  floor  rests  of  course 
directly  on  the  lower  chord. 

By  our  "  first  process,"  p  569,  there  will  then  be  6  tons  each  at  A,  «,  and  c ;  3  tons 
each  at  i  and  a ;  8  tons  each  at  n,  o,  p,  q,  and  r ;  and  4  tons  each  at  m  and  x.  By  our 
second  and  third  processes,  the  strains  ou  the  web  members  will  be  as  follows: 

On  ep ^ 8     tons. 

**  /(oand  cf,  each 16       '• 

•*»n  and  ar     **    29        ** 

"eoand«g     **    8.4     " 

"Anandcr     •'    26.2     " 

"t'mandaaj     "    38.4     ** 

Write  these  strains  at  the  feet  of  the  respective  members. 

Wh  now  have  the  strains  on  the  weh  members,  resulting  from  the  trass  itself, and 
from  it(»  nniformly  distributed  permanent  load  of  floor,  Ac ;  and  are  prepared  to 
begin  with  the  additional  strains  resulting  from  the  moving  load.  Wefindthoe^eon 
the  counters,  on  <»»-half  of  the  diagram ;  and  those  on  the  main  obliques  and  ver- 
ticals, ou  the  other  half.  First  suppose  the  engine  to  be  in  the  position  y  «,  on  the 
half  diagram  p  x;  with  the  train  reaching  to  the  farthest  end  m  of  the  truss.  In 
this  position  of  the  moving  load,  the  vertical  ar,  and  the  end  oblique  ax,  will  be 
more  strained  by  it  than  in  any  other;  and  their  sti-ains  will  be  pntduced  by  that 
poition  of  the  load  that  may  be  regarded  as  being  first  oonoeatrated  at  r;  Hnd  as 
passing  thence  up  r  a  to  a ;  and  from  a,  down  a  a;  to  the  abutment  x.  To  find  this 
portion,  the  truss  may  be  considered  as  a  simple  beMn  or  lever,  marked  off  into 
six  eqnal  divisions  at  r,  7,  p,  0,  n.  In  that  case  we  know  (from  the  principle  of  the 
lever)  that  if  any  load,  as  for  instance  our  engine  of  36  tons,  be  placed  uniformly 
along  y  «,  its  whole  weight  may  be  assumed  to  be  concentrated  at  the  middle  point 
r;  and  that  five-sixths  of  it  will  be  borne  by  the  nearest  abutment  x;  and  only 
one-sixth  by  the  farthest  abutment  m.  So  also  with  the  panel  length  y  10  of  cars; 
its  weight  being  sapposed  concentrated  at  q,  four-sixths  of  it  must  be  borne  by  x ; 
and  two-sixths  of  it  by  m.  Of  the  cars  w  x\  three-sixths  are  borne  by  x ;  and  three- 
sixths  by  m.  Of  those  along  v  u,  two-sixths  are  borne  by  a? ;  and  four-sixths  by  m; 
of  those  idong  u  «,  one-:«ixth  by  x;  and  five-sixths  by  m.  The  half  panel  of  cars, 
»  m,  rests  directly  upon  x,  and  produces  no  strains  in  the  truss. 

By  this  precees,  then,  we  find  that  five-sixths  of  the  engine, or  30  tons;  four-sfxths 
of  the  cars  y  w,  or  14  tons;  three-sixths  of  the  cars  w  r,  or  10.5  tons;  twu-sixths 
of  0  tt,  or  7  tons ;  and  one-sixth  of  u  »,  or  3.5  tons ;  making  65  tons  in  all,  are  borne 
bj  the  abutment  x,  when  the  moving  load  is  in  the  position  shown  in  our  fig.    This 
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loud  of  65  tons  passes  from  r  to  a;  and  from  a  to  x.*    The  calculation  h  i 
■kowu  under  our  fis  below  the  heading  ''With  engine  at  r.*' 

We  next  suppose  the  engine  to  back  into  the  position  y  w ;  with  the  train  reaching 
to  m;  and  with  no  load  between  y  and  x.  In  this  position  tlie  strains  on  ac,  and  cr^ 
are  greater  than  in  any  other ;  and  by  a  process  precisely  as  before,  and  as  shown 
under  our  fig,  below  the  beading  "  Engine  at  v/*  we  find  that  45  tons  of  the  moving 
load  go  to  the  abut  x ;  passing  from  qXoc\  and  from  e  to  r,  on  their  way  to  it  Then 
placing  the  engine  at  w  r,  the  cars  reaching  to  m,  and  no  load  between  w  and  x,  the 
strains  on  p  «  and  «  q,  are  the  maximum  that  they  can  be  subjected  to  by  an  engine 
and  train ;  and  are  found  like  the  others,  as  shown  under  **  Engine  at  p.  We  have 
now  reached  the  center  of  the  truss,  and  have  obtained  data  for  the  greatest  strains 
that  can  occur  on  the  verts  and  main  obliques  on  one-half  of  it.  So  fiu*  as  regards 
the  corresponding  members  on  the  other  haif,  we  stop  h^re ;  for  it  is  manifest  that 
an  engine  and  train  crossing  the  bridge  in  the  opposite  direction,  must  produce  the- 
same  maximum  strains  upon  them  as  we  have  already  found  for  the  others.  That  is, 
im  will  be  strained  the  same  as  a  ae ;  nt  the  same  Mra\eo  the  same  as  e  9,  and  so  on, 
by  a  returning  train.    Write  these  strains  near  the  top*  of  the  verticals. 

But  as  yet,  we  have  not  sufficient  data  for  determining  where  cmtnUrs  will  be 
r*»quired.  To  obtain  it,  we  draw  the  two  lines  Ap,  and  i  o,  parallel  to  the  obliques 
on  the  opposite  side  of  the  truss ;  and  taking  It  for  granted  for  the  present,  that  these 
two  lines  are  counters,  we  back  the  engine  to  «  «,  and  then  to  u  « ;  performing  each 
time,  calculations  precisely  similar  to  the  former  ones :  and  as  shown  under  the  head- 
ings *♦  Engine  at  o,"  Ac.  We  have  stated  in  a  former  Art,  that  a  counter  is  most 
strained  when  the  moving  load  extends  from  it  to  the  rtf arfst.  abut.  Therefore,  a 
counter  h  p  M'onld  be  most  strained  with  the  engine  on  v  «,  and  the  train  reaching 
to  m ;  and  t  o,  by  the  engine  on  u  s,  with  a  train  to  m. 

*  With  the  engine  at  r,  as  in  the  Fig,  the  counters  to  and  hp  are  not  required. 
Consider  them  removed,  and  it  will  be  seen  that  tlie  several  sixths  of  the  panel  loads 
reacli  their  respective  abutments  by  the  following  routes : 

Of  u  s,  one-sixth  to  c,  via  nhoeqcrax;  five-sixths  to  m,  via  nim.  Of  v  it, 
two-sixths  to  a;,  via  oeqer  ax;  four-sixths  to  m,  via  o  hn  i  m.  Of  w  r,  three- 
sixths  to  XyVrnp  eqcrax\  three-sixths  to  m,  via  peohnim.  Of  y  to,  fuur-sixtbs 
to X,  via  q  cr  ax;  two-sixths  to  m,  via  qeo  hnitu.  Of  the  engiue z y,  five-sixths 
to  X,  via  r  a  a; ;  one-sixth  to  m,  via  r  c  9  e  0  A  «  t'  m. 

The  one  sixth  of  engine  going  to  m,  in  passing  from  «  torn,  and  the  five-sixths  go- 
ing to  X,  plainly  bring  upon  each  member  the  tame  kind  of  strain  as  that  brought 
npun  it  by  the  weight  of  truss  and  floor;  t.  e.,  tension  upon  the  ties  and  enmprtnioH 
upon  the  struts;  and  thus  inerecue  their  strains ;  but  in  passing  from r  to  e,  tlie  one- 
sixth  going  to  n%  puUn  the  struU  c  r  and  e  9,  and  presHS  tiie  tie  c  9,  thus  diminishing 
the  strains  upon  those  niemliers. 

And,  similarly,  in  any  position  of  the  engine  and  train,  each  panel  length  of  mov- 
ing load,  except  to  v,  divides  at  its  point  of  nupport;  one  portion  passing  np  the  ver- 
tical tie  (and  incrtmsing  the  tension  upon  it)  on  its  way  to  one  abutment;  and  the 
otiier  portion  passing  up  tlie  Inclined  strut  (and  diminithing  the  thrust  upon  it)  oa 
its  way  to  the  other  abutment. 

Caiitioit*  When  a  web  member  is  subjected  to  its  maximum  strain,  no  snch 
relft^ving  strain  can  thus  come  to  it  flroni  the  moving  load.  Thus  c  q  has  Its  msxi- 
mum  strain  (tension)  when  the  engine  is  at  g,  with  train  reaching  to  w;  and  there 
is  then  no  load  at  r  to  relieve  c  q  by  sending  a  compnsriw.  strain  through  it 

The  final  or  resultant  strain  (which  may  or  may  not  be  the  marimHm  strain)  upon 
any  member,  for  any  given  position  of  the  train,  is  the  di/?!Te«c«  bet  ween  the  tension 
and  compression  upon  it  at  that  moment;  and  is  of  coarse  a  pnll  if  the  tension  is 
greater  than  the  compression,  and  rice  verna. 

Thns,  with  engine  at  r,  as  in  the  figure,  the  final  strain  on  the  tie  a  r  is  »= 

Tension.  Tknsion.  Compression.       Tension. 

29  tons  from  bridge  and      .      65  tons  of  train  go-  o        «=        04  tnnm 

floor,  as  per  p  565  '^     ing  to  x,  as  above  "  in  lona. 

and  this  is  also  the  motxtmunt  strain  on  a  r.    But  on  c  9,  the  final  strain  (with  en* 
gine  still  at  r)  is  =« 

Tension.  Tension.  Comprsssion. 

16  tons  from  /    fi.*!  fons  Five-sixths  of  en-v         1^  of  engine  going  tow, 

hrH^21nirX>r  +  l„Si„^l„  —  gine  which  do  not  I  —  which  pm»e«  c  o.  and 
bridge  and  floor  ^  ^going  to  x        ^^^  ^^^^^^  ^  ^  )        ^^^^  ^^,^^^  ^^  J^^,^^ 

T  T  C  T 

=>>    15    -H    35    —    6    =    44  tons. 
But  this  Is  not  the  maximum  strain  on  cq;  for  this  takes  place,  as  already  remarked, 
■vlth  engine  at  g,  and  amounts  to  45  tons. 
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load  of  65  tons  passea  from  r  to  a;  and  from  a  to  a;*    The  calculation  fs  made  at 
■kown  under  our  fig  below  the  heading  *'  With  engine  at  r." 

We  next  suppose  the  engine  to  back  into  the  position  y  w ;  with  the  train  reaching 
to  m;  and  with  no  load  between  y  and  x.  In  this  position  the  strains  on  qc^  and  cr^ 
are  greater  than  in  any  other ;  and  by  a  process  precisely  as  before,  and  as  shown 
under  our  flg,  below  the  heading  "  Engine  at  v,"  we  find  that  45  tons  of  the  moving 
load  go  to  the  abut  x ;  passing  from  qtoc;  and  from  c  to  r,  on  their  way  to  it.  Then 
placing  the  engine  at  w  r ,  the  cars  reaching  to  w,  and  no  load  between  to  and  »,  the 
strains  on  p  e  and  e  q,  are  the  maximum  that  they  can  be  subjected  to  by  an  engine 
and  train ;  and  are  found  like  the  others,  as  shown  under  "  Engine  at  p.  We  have 
now  reached  the  center  of  the  truss,  and  have  obtained  data  for  the  greatest  strains 
tliat  can  occur  on  the  verts  and  main  obliques  on  one-half  of  it.  So  &r  as  regards 
the  corresponding  members  on  the  other  half,  we  stop  here ;  for  it  is  manifest  that 
an  engine  and  train  crossing  the  bridge  in  the  opposite  direction,  must  produce  the— 
Mime  maximuin  strains  upon  them  as  we  have  already  found  for  the  others.    That  is.      i 
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For  Trautwine's  Civil  Eng^ineer's  Pocket  Book. 

9th  to  15th  Editions  (1885  to  1891)  inclusive. 
To  face  lower  part  of  page  567. 

P.  565.    Line  5  from  foot :  For     upon  x'     read      upon  w. 

Pp-  567,  568.  Under  Verticals:  Strain  on  Vertical  e  p 
with  engine  at  p. 

If  the  counter  h  ph^  made  to  act  as  a  He,  the  strain  on  the 
middle  vertical  <?/  is  equal  to  the  28.5  tons  upward  reaction  of 
the  abutment  x,  as  stated  ;  but  otherwise  it  is  equal  to  the  36 
tons  weight  of  engine  at/. 

In  either  case  we  have  36  tons  engine  at  p,  minus  28.5  tons 
upward  reaction  of  .r,^7.5*tons,  tending  to  shorten  the  panel 
e  ho  p  along  ^  <?  and  to  lengthen  it  along  h  p. 

Now  if  the  ends  of  /f  ^  be  secured,  it  may  be  suflBciently 
tightened  to  act  as  a  tie^  relieving  the  main  brace  e  o  of  all  com- 
pressive strain.  We  may  then  suppose  e  o  removed.  In  this 
case  the  28. 5  tons  upward  reaction  of  x  would  go  via  x  a  r  c  q 
e p  to  p^  causing  a  live-load  strain  of  28.5  tons  in  e  p,  the  same 
SiSm  ar  and  c  q.  Half  of  the  engine  load  (or  18  tons)  would 
then  go  via  /f/  to  m. 

But  the  proper  office  of  ^  /  is  to  act  as  a  counter  strut  when 
the  engine  is  at  o^  and  it  should  not  be  depended  upon  to  act  as 
a  tie.  Hence  the  true  maximum  live-load  strain  in  the  middle 
vertical,  e py  is  the  36  tons  engine  2Xp  ;  and  the  maximum  total 
strain  in  e  p  is: 

live-load  (entire  weight  of  engine  at/),        -         36  tons, 
dead-load  (see  page  565)         -  -  -  8     " 

Total,     44  tons. 
instead  of  36.5  tons  as  stated  on  page  568. 

*=i8  tons  (half  weight  of  engine)  going  to  m,  minus  10.5  tons  (two 
sixths  of  o  -f  one-sixth  of  n)  going  to  ^. 
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Fitf.ia./ 


Height  a 


With  Bitirine  at  p, 

there  go  to  x. 
Tons. 
18      =  %^  engine, 
7      =2-«Tu. 
8^    =1-6  us. 


28.50  go  to  x. 
1.2  not  see. 

84.2     on  e  q 

from  load  only. 


MAIM   BRACES. 

With  Eafflne  lU  q, 

there  gotox. 
Tods. 

24  =4-6  engine. 

10.5  =  3-6  w  V. 

7  =  2-6  V  n. 

3.5  =>l-6ua. 


54.      on  c  r 

from  load  only. 


With  Enirine  at  r, 

thfregotox. 
Ton*, 
80  a  5-6  engine, 
14  =4-6yw. 
10.5  =3.6wT. 
7  s  2^  V  a. 
8.5   —  1-6UI. 


65.     go  to  X. 
1.2  not  see. 

78.       on  a  X 

from  load  cmiy. 


Veriiealep, 

28.6  gotox. 

Total  on  e  p/rom  load  only. 


▼ERTICAUk 

F«r<»caicq. 

45^  to  X. 

2Ua2  on  o  q/rom  load  on/y. 


VertiMl  a  r. 

65^iox. 

lUai  on  a  r/roM  ioad  onljik 


COVBTTiaiS. 


Cbunter  io. 

Euiriii^  At  n, 

ft    =  1-6  engine  gotox, 
1.2  not  see. 

7.2  on  i  o 
/rom  (oa<2  onZy. 


Cbunter  h  p. 

Engine  at  •• 

12     a  2-6  en^'ne. 
3.5  »  1-6  u  a. 

15.5  gotox. 
1.2  nat  sec. 

18.6  on  h  p 
from  load  only. 


Supposing  the  calculatioDS  to  lutTe  been  made  as  above,  we  have  thereby  found 
the  seTeral  loads,  say  65;  45;  28^;  15.5;  and  6;  which  go  from  train  to«,  fironi  the 
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several  points  r,  9,  Pi «),  n,  when  the  engine  is  at  each  of  those  points  in  succession; 
V  ith  a  train  reaching  in  each  case  to  ni.  Each  of  these  loads,  in  travellinfi;,  as  it  were, 
from  its  particular  point,  to  the  abut  a?,  first  ascends  to  the  top  of  its  own  vert;  and 
then  descends  along  the  a(^acent  oblique ;  producing  in  said  oblique  a  strain  as  much 
greater  than  the  load  itself,  as  the  length  of  the  oblique  is  greater  than  its  vert 
spread.  Now,  each  of  our  obliques,  as  before  stated,  is  36  ft  long,  or  1.2  times  as  long 
as  its  vert  spread  30  ft,  (or  the  height  of  truss;)  which  1.2  is  therefore  the  nat  sec  of 
the  angle  which  any  of  our  obliques  forms  with  a  vert  line.  Therefore,  to  find  the 
strain  which  each  of  onr  moving  loads  produces  on  the  oblique  next  to  it,  on  its  way 
to  the  abut  x,  mult  each  said  load  by  1.2,  as  in  the  above  calculations.  We  thus  ol>- 
tain  for  these  strains,  78  tons  on  ax ;  54  on  c  r ;  aad  34.2  on  e^ ;  all  which  write  near 
the  tope  of  the  obliques. 

For  the  verticals  and  main  obliques;  Total  max  strain  =  truaa  strain 
+  moving-load  strain.    TimB: 


Verticals 

ep  8  +  28.5  =  36.5  tons 

Jko,  Off,  eachl5  +  45    =60      " 
in,  ar,     "    29  -|-  65    =  94      " 


Main  abliqnes 

«o,  09,  each    8.4  +  34.2  —   42.6  tons 
hn,cr,     "     25.2+54    —    79.2    " 
itn,  aav    "     38.4  +  78    —  116.4    " 


For  tbe  eounters,  we  go  to  the  other  side,p«i,  of  the  truss.  Beginning 
with  the  panel  e  j^  op,  we  examine  its  tWodiags,  kp,  e  o,  and  Be«  timtwith  tbe  eugiue 
at  V  tt,  and  the  cars  reaching  to  m^  there  is  produced  in  the  counter  hp\\»  maximusB 
strain  of  18.6  tons;  which  tends  to  cause  in  the  truss  the  kind  of  derangement  shown 
in  Figs  93^.  9^,  and  96.  Now,  to  resist  this  derangement,  there  is  nothing  but  the 
8.4  tons  produced  by  the  truss,  floor,  Ac,  upon  the  opposite  diag  «  o  of  the  same  panel. 
Since,  therefore,  the  deranging  effect  of  the  load  is  greater  than  the  preventive  effect 
of  the  weight  of  the  truss,  there  must  be  a  counter  at  hp,  able  to  bear  a  pres  equal 
at  least  to  the  difference  between  the  two,  or  to  18.6  —  8.4  =  10.2  tons;  or  else  the 
strut  f  o  must  be  made  so  that  it  Q§xi  also  act  as  a  tie,  capable  of  sustaining  safely  a 
ptiU-  of  10.2  tons.  This  last  method  relieves  h  o  and  e  p  from  10.2  tons  each,  but  this 
relief  comes  when  they  have  not  their  maximum  load. 

We  now  go  to  the  next  panel,  hino.  But  here  we  find  that  the  deranging  effect 
of  the  load  on  the  counter  t  o,  with  the  engine  at  u  «,  is  but  7.2  tons ;  while  tbe  pre- 
yentive  effect  of  the  wt  of  the  truss,  exerted  through  the  opposite  diag  A  n,  is  25.2 
tons.  Hence,  the  moving  load  can  produce  no  derangement  of  the  truss ;  and  con- 
sequently  the  counter  i  o  may  be  omitted.  On  this  same  principle  each  panel  on  one 
side  of  the  truss  must  be  examined,  when  there  are  many  of  them ;  and  the  insertion 
or  omission  of  count^rbraces  be  determined  upon.  When  we  thus  arrive  at  a  panel 
at  which  no  counter  is  reqd,  none  will  be  needed  between  it  and  the  nearest  end  of 
the  bridge.  Similar  countei-s  will,  of  course^  be  needeil  on  the  other  side  of  the  trusa. 
Ill  practice  it  Is  better  to  retain  the  first  apparently  unhecessary  counterbrace ; 
counting  from  the  center  of  the  truss.  Thus,  although  calculation  shows  t  o  to  be 
unnecessary,  it  is  well  to  retain  it.  The  lighter  a  bridge  is,  in  proportion  to  its 
moving  load,  tbe  greater  will  be  the  number  of  panels  requiring  counters. 

The  strains  on  the  chords  are  §Kretiteut  when  the  truss  is  loaded 
from  end  to  end;  aiid  for  Fig  18/,  as  well  as  for  Fig  19 g,  may  readily  be  calcu- 
lated by  Art  12 ;  or  found  by  a  diagram  with  a  max  load.  Or  sufficiently  close  for 
most  purposes,  the  hor  strain  along  either  chord  at  the  center  of  the  truss  where 
the  strain  is  greatest,  will  be  equal  to 

Total  weight  of  truss  and  load  X  apao. 
8  times  the  depth  or  height  of  truss. 

^,  1.  ^       ,         198  X 120        23760       ^  ^ 
which  here  is ^ -^^  -  99  tons. 

Finally,  each  of  all  the  strains  in  our  double  truss  must  bo  div  by  2;  for  propor- 
tioning them  among  the  two  actual  trusses,  which  we  have  all  along  supposed  (for 
convenience)  to  be  combined  into  one. 

Art  12^.    The  Warren  or  trianffalar  trass.    Yig.  13  g. 

Here  the  dotted  web-members  which  supplant  the  ties  in  Fig  18/,  are  not 
vert ;  but  inclined  to  the  same  extent  as  the  struts  or  braces.  Hence  the  hor  stretch 
of  each  oblique  will  be  but  /to// the  length  of  a  panel,  or  10  ft ;  or  only  half  as  great  as  in 
Fig  18/  Ckjnsequently,  the  length  of  each  oblique  will  be  Vlifi  -f  30>  «=  31.6  ft; 
and  the  nat  sec  of  the  brace  angle  will  be  -^=*  l-OB ;  and  the  nat  tang  of  the  sane 
•ngle  wiU  be  -  =-  .833.    All  the  other  data  being  the  same  as  in  the  foregoing  ex- 
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ample,  prepare  a  diagram,  and  from  it  find  the  strains  on  the  obliques  from  the 
wt  uf  the  bridge  alone ;  one>half  of  the  wt  of  the 


trust  only  being  annposed  to  be  on  the  top  chord,  making,  by  onr  first  process,  p  559, 
4.8  tons  each  at  «,  a,  c,  and  b ;  2.4  tons  each  at  •'  and  a ;  8  tons  each  at  n,  o,  j»,  q,  and  r ; 
and  4  tons  each  at  m  and  x.  By  our  second  and  thir^  processes,  the  strains  on  the 
web  members  will  be  as  follows : 


On  pd  and  p  e,  each.. 4.2  tons. 

•*   d  o  and  c  0,    *'    9.24   " 

**   o  «  and  q  6,    " 17.64    " 


On  e  n  and  b  r,  each 22.68  tons. 

**   ntandra,    "    31.08     " 

"   tmandax,    "    33.6      ." 


Write  these  strains  at  the  feet  of  the  respective  members,  as  before. 

Havinfc  bow  the  correct  strains  arising  from  the  weight  or  the  trnss  and  floor; 
next  find,  precisely  as  in  the  precediug  example,  how  mnch  of  the  moving  load  will 
go  to  a;  when  the  engine  is  at  r,  as  in  the  fig,  with  the  train  reaching  to  m;  and 
afterward  with  tlie  engine  at  q,  p,  o,  and  n,  in  succession.  These  loads  will  of  course 
be  the  same  as  in  the  former  example,  namely : 

Eugine  at  n.         Engine  at  o.         Engine  at  p.         Engine  at  q*         Engine  at  r. 

6  go  to  X.  15.5  go  to  x.  28.5  go  tox.  45  ^o  to  x.  6b  go  to  x. 

Multiplying  each  of  these  by  the  nat  sec  1.05,  we  get  the  compressing  strains  which 

they  produce  on  the  end  oblique  strut  a  x;  and  on  the  other  obliques  that  are  par* 

aiki  to  it;  namely : 

On  e  o.  On  d  p.  On  c  q.  On  b  r.  On  a  x. 

6.3  16.275  29.925  47.25  68.26 

which  write  near  the  tops  of  said  obliques.  But  they  also  produce  precisely  the 
same  amount  of  strains,  in  the  shape  of  tensions  or  pulls,  on  the  respective  dotted 
ties  which  carry  them  to  the  struts  between  x  and  p ;  and  on  the  struts  which  oirry 
them  to  the  dotted  ties  between  m  and  p.  Write  them  all  near  the  heads  of  said 
obliques  also.* 

Now,  if  on  the  half  truss  xp,  we  add  together  the  strains  written  at  the  head  and 
foot  of  each  oblique  separately,  the  sums  will  be  the  tatal  or  maximum  strain  (com- 
pressive on  the  stmts,  and  tensile  on  the  ties)  which  said  obliqnes  will  be  subjected 
to  on  the  passage  of  the  train.  They  will  of  course  be  tlie  same  on  the  other  half  of 
the  truss  when  the  train  crosses  in  the  opposite  direction. 

Finally,  as  to  eoaitt«rl»raciit|r4  we  go  to  the  other  half,  m.j»,  of  the 
truss.      Beginning  with  the  oblique  a  p,  we  see  that  with  the  engine'  at  o,  and 

*  The  remarks  in  foot-note  p  566  apply  also,  in  principle,  to  Fig  18g.  Thus,  with 
the  engine  atr,as  in  the  fig,thefive-8txths  of  engine,  going  to  a;,  increase  the  strains 
on  r  a  and  ax.  The  one-sixth,  going  to  m,  diminishes  the  strains  in  r  &,  bq,  q  c,  and 
ep  (but  these  members  have  not  now  their  maximum  strains),  and  increases  those 
in  p  d,  d  o,  o  ^,  e  n,  n  t,  and  i  m. 

The  final  strains,  also,  are  found  in  the  same  way  as  in  Fig  13f.  Thus,  with  engine 
at  9,  train  reaching  to  m,  we  have  final  strain  on  9  6  (maximum) 

Tension.  Tension.  Gomprsssion.    Tension. 

■=  17.64  from  truss  and  floor  +  45  going  to*  X  1.05  =  47.25  —  0  =  64.89; 
and  on  9  c  (not  maximum) 

Compression.  Compression.  Tension. 

<«=   9.24  ft om  truss  and  floor    +    [(45  to  aj—|  engine)  X 1-05]    —    (|  eugine  X  105) 
C  C  T  C 

=»        9.24        +        2e.06        —        12.60        —        18.69  tons. 
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thetralD  reaching  to  «i,the  deranging  c<mipre»lTe  »»«<«.  ^J-^  ^^o^*^  *f*  ?!«« 
ing  l<»d,  is  greater  tlian  the  preeerrative  teniile  strain  4.2  tons,  of  the  truaa 
and  floor,  acting  on  it  at  the  same  time.  Therefore,  d  p,  although  a  tie  the  same  as 
c  V,  is  liable  at  times  to  be  compressed  rather  than  pulled.  Therefore,  it  must  be  so 
afmnged  as  to  act  also  as  a  strut ;  at  least  so  far  as  to  l^ar  a  pvesjure  eq«»l  *»  the 
diflference  between  the  16.3  tons  of  pressure  from  the  load  and  tt.e  4.2  tons  of  tension 
from  the  weight  of  the  truss  and  floor;  or  to  12.1  tons.  The  same  end  would  be  ac- 
complished by  inserting  a  counter  tie  reaching  from  o  to  c.  .      ,     j       . «. 

Oiithe  next  oblique  o  d,  which  is  a  strut,  the  same  as  c  9,  the  moving  load  on  vm 
produces  a  pull  of  16.8;  while  the  truss  and  floor  produce  on  it  a  P*"**  of  only  »J 
»t  the  same  time.  Therefore,  although  it  is  a  strut,  it  is  liable  at  times  to  be  pulled 
rather  than  compressed ;  and  consequently  it  must  be  made  able  to  bear  a  pull  a  so 
equal  at  least  to  16.3  —  9.2  =  7.1  tons.  The  introduction  of  a  counter  stpit  reaching 
from  6  to  o  would  answer  the  same  purpose.  On  the  tie  e  o,  t*»^,  J®^5^"8  5^"^!!*; 
sive  load  strain  6.3  is  less  than  the  preserrative  tensile  strain  17.6  of  the  truss  and 
fl.H>r  acting  upon  it  at  the  same  time.  Therefore,  it  may  renaain  as  a  tie  only ;  or  in 
other  words,  it  require»  no  counterbracing.  When  this  is  the  case,  no  other  oblique 
Iwtween  it  and  the  nearest  abutment  m  needs  counterbracing.  It  is  almost  needless 
10  remark,  that  the  half  xp  of  the  trass  requires  the  same  as  the  half  «p,  when  the 
engine  crosses  in  the  opposite  direction. 

Tli«  atralna  on  tlie  cliords  are  found  aa  directed  on  p  568. 


Fig.  14. 


Span  64  ft. 
Rise  16  ft. 


Art.  IS.  In  Fig  14,  as  in  Figs  10  and  11,  the  truss  is  of  64  ft  span  and  16  ft  rise, 
with  an  extraneous  load  of  32  tons;  of  which  our  first  process  gives,  as  before, 
2  tons  each  at  a  and  at  the  other  end  of  the  span,  and  4  tons  at  each  other  panel  point 
6,  c,  d,  «,  /  etc.    The  wt  of  the  truss  itself  is  neglected,  as  before. 

Seeond  and  tblrd  processes.*  Each  panel  load  dirides  at  its  point  of 
support,  as  explained  more  fully  in  Bern,  p  573,  one  portion,  r «"'  etc,  going  directly 
down  the  rafter  to  the  nearest  abut ;  the  other,  h  «'"  etc,  by  way  of  the  web  members 
to  the  peak  e  of  the  truss,  and  thence  via  the  rafters  to  the  abuts. 

Thus,  beginning  at  the  panel  load  2>,  nearest  the  abut,  lay  off*  bv  scale  the  vert 
br  =  that  panel  load,  4  tons.  Draw  rh'"  parallel  to  the  rafter,  and  h'"g"'  horizontal, 
or  parallel  to  the  tie  beam.  Measure  «"'r,  which  represents  the  portion  (2  tons)  of  b 
going  directly  to  a  via  the  rafter,  and  write  its  amount  (2)  at  o.  Also  measure  6«^', 
the  portion  (2  tons)  of  b  going  to  e  via  6  *cj  d»  e,  and  write  its  amount  (2)  at  c,  over 
the  original  panel-load  (4)  of  c;  thus  making  the  final  load  at  c  =  6  tons.  Make 
<j  r  =  thirf  load,  draw  r  h"  parallel  to  the  rafter,  and  h"  s"  hor.  Then  «"r  (  =  2  tons) 
goes  from  c  to  o  via  the  rafter ;  and  c  «"  (  =  4  tons)  goes  to  e  via  cj  d  i  e.  Write  these 
amounts  at  o  and  dre£q[)ectively.  The  final  load  at  d  thus  becomes  8  tons.  Therefore 
make  dr  =  8  tons ;  draw  r  h!  parallel  to  the  rafter,  and  h'  t^  hor.  Then  «' r  (2  tons) 
goes  from  d  to  o  via  the  rafter ;  and  d  «'  (6  tons)  to  e  via  d  i  e.    Write  these  amounts 

*  When  wishing  to  know  merely  the  amounts  of  the  several  final  panel  loads  in  a 
truss  like  Fig  14,  tmifmmly  loaded  and  divided  into  panels  of  eguai  Ungth;  without  car- 
ing to  trace  the  process  of  their  accumulation  from  the  original  panel  loads;  our 
second  process  may  be  sbortened,  tbns : 

l^  the  entire  wt  of  truss  and  load 
<^righua  panel  load  at  abut  a  -  ^ntirenumberof  points  of  support  abode/ etci>»»«wl 

Then,  calling  this  tyriginaJ  panel  load  at  o  "  o  *',  the  final  panel  loads  are  as  follows : 
at  6  =-=  2a;  at  e  =-  3a;  at  d  =  4a;  and  so  on  vrith  any  number  of  points  of  support 
along  a  rafter,  except  at  the  apex  «,  where  the  final  load  is  twfce  the  final  load  at 
the  nearest  panel  point  (d  in  our  Fig)  or  =  ^  the  wt  of  the  entire  truss  and  its  load. 
The  final  load  at  a  —*  half  the  weight  of  entire  truss  and  load. 
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at  a  and  «  reepectivelj.  Now  it  is  plain  that  the  same  process,  on  the  other  half  <^ 
the  truss,  brings  another  6  tons  to  e.  Write  this  at  e  also.  Thus  we  get  for  the  final 
load  at  e,  4  -f-  6'  +  6  >—  16  tons,  or  ^  the  wt  of  the  entire  truss  and  its  load. 

The  16  tons  thus  concentrated  at «  divide  there,  half  going  down  each  rafter  to  an 
abut.  Draw  er  yert,  and  -^  these  16  tons.  Draw  rk  par^lel  to  ae,  and  hs  hor. 
Then  esand  «r  are  the  2  halves  (8  tons  each)  of  «<,  passing  from  e  to  the  abuts  via 
the  rafters.    Therefore  write  8  at  a. 

It  is  by  mere  accident  that  the  two  vertical  lines  b  I  and  e  r,  representing  the  loads 
at  b  and  «,  happen  Just  to  extend  to  the  tie  a  «  in  our  Fig. 

We  thus  find,  for  Fig  14, 


strains  alonir  tUe  vertleals. 

AloDg  bl  =  Dotbing,  except  weight  of  tie-bar 
from  y  to  y. 

"    il/.=:e«=4. 


Stains  alonff  the  obliques* 

Along  hk  =  b"h  =  4.47  tone. 
"     ej=e  A  =  5.66. 
"     d  i  =  d  k=n.2l. 


•  <=  2  <i  •  =  3  X  C  =  13 ;  for  while  e*eh  other  vertlosl  tie  bears  onlj  the  vert  Rtraia  broaght  apon  Itbj 
the  oblique  strut  next  nearer  the  abut;  the  center  tie  e  <,  ef  course  bears  those  fTom  2  oMiqnes: 
one  on  each  side  of  it. 

Strains  alonir  ttte  taorlsontal  tte-bar  a  i. 

...        .      ..^^  ,  V^  wt  of  truss  and  load  X  i4  span 

Att  =  »A  =  16ton8:  al80=  — .    .  .  .    ^  .    

'  height  of  truss. 

Fromi  to  <  =  <  A  + /^=  16  +  4  =  20. 

"    *toi  =  *A+/X  +  <'i=16+4  +  4  =  24. 

"    a  to  t  =  *  A  +  /^+  r  a'+'/'  'a' =  16 +4  +  4  +  4  =  28. 

Strains  alonir  ^^®  rafter  e  a. 

From  « to  d  =*:  A  r  =  17.9  tons. 

"    d  to  e  =  A  r  +  A'r  =  17.9  +  4.47  =- 22.4. 

«     c  to  6  =  A  r  +  A'r  +  ^'r  =  17.9  +  4.47  +  4.47  =  26.8. 

*»    6toa  =  Ar+^r  +  A'r  ='a  r  =  17.9  +  4.47  +  4.47  +  4.47  =  31.3. 
It  will  be  observed  that  the  hor  components  A  s,  except  the  center  one,  have  equal 
lengths ;  also  those  marked  A  r,  parallel  to  the  rafter ;  while  the  oblique  ones  have 
not. 

For  a  span  of  100  feet,  rise  20  ft,  or  4  of  the  span ;  trusses  10  feet  apart 
from  center  to  center;  loaded  on  top  only;  the  following  dimensions  will  be  amply 
sufficient  for  a  covering  of  slate.  Uafters  and  tie-beaui,  each  10"  X  12''  deep.  The 
rafters  may,  if  prefen-ed,  be  reduced  to  9  X  12  at  top.  The  verts  of  round  bar-Iron 
of  good  quality,  ^  iuch,  ^  inch,  1  inch,  and  1%  inches  diameter.  The  obliques  or 
braces,  5  X  10,  6  X 10,  8  X  10;  thus  making  the  trass-thickness  uniformly  l(y'.  See 
Table  2,  p.  679.    For  Shorter  spans,  see  NOT£,  p  673. 

Art.  14.  In  Fig  15,  the  process  is  the  same  as  in  Fig  14,  except  that  the  vert  linee 
representing  the  strains  at  the  points  of  support  a,  6,  c,  d,  f,  are  to  be  drawn  upward 
from  It  kt  jt  X ;  and  the  strains  I  tf'\  k  s'\  j  x',  are  to  be  carried  forward  to  the  next 
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panel-load.  Fig  15  is  limply  Fig  14  inTert«d,  and  those  members  which  resisted 
^rtnvre  in  Fig  14,  rmiist  puU  in  Fig  15,  and  vice  versa.  In  other  words,  the  struts 
become  ties,  and  the  ties,  struts.  All  the  strains  are  equal  to  those  in  Fig  14,  except 
those  on  the  verls,  each  of  which  is  4  tons  greater  than  the  corresponding  one  in  Fig 
14,  because  the  original  panel  loads  of  4  tons  each,  instead  of  being  applied  directly 
to  the  ends  of  the  obliques,  as  in  Fig  14,  have  first  to  pass  through  the  vert  struts 
b  l,ckj  djy  e  i  ;  the  total  loads  on  which  will  be,  respectively,  4,  ^  8,  and  16  tons. 


Span  64  ft 
Depth  e  t\  10  ft 


Art.  15.  In  Fig  16,  the  process  is  the  same  as  in  Fig  14,  except  that  the  lines  h  ^ 
Ac,  must  bd  drawn  and  measured  parallel  to  the  inclined  tie  a  t ;  instead  of  being  her. 
As  in  Fig  14  6  s'"  is  carried  forward  to  c;  c  «"  to  d ;  d  «'  to  «.  In  this  way,  we  find, 
as  before,  the  vert  strain  of  6  +  4  +  6  =  16  tons  at  e.  But  we  must  now  add  to 
these  16  tons,  another  strain  generated'by  the  obliquity  of  the  tie-rod  a  i.  This  strain 
is  found  by  mult  the  one  at  e,  (16  tons,  or  half  the  wt  of  th^  entire  truss  and  its 
load,)  by  the  vert  dist  n  t,  (6  ft,)  which  the  center  t  of  the  tie-rod  is  raised  above 
the  horizontal  a  u, '  and  div  the  prod  by  the  dist  i  e,  (10  ft.) 

That  is,  -— —  =  9.6  tons;  which  also  write  down  as  in  the  Fig;  making  tiie  total 

vert  strain  at  «  25.6  tons,  instead  of  the  16  tons  of  Fig  14.* 

Now,  make  e  r  by  scale,  =  25.6  tons ;  draw  r  h  parallel  to  the  rafter  e  a,  and  meet- 
ing the  other  rafter ;  also  draw  h  «,  parallel  to  the  raised  tie-bar  t  a.  Then  the  stxains 
along  the  members  of  the  truss  will  be  as  follows,  taken  firom  a  Fig  on  a  ku^er  scale. 


Strains  alonsr  the  verticals. 

iloQg  the  one  at  b  =  notbing,  except  weight  of 
tie-bar  for  the  width  of 
one  panel  (8  Tu) 
▲long  CO  =  b»"'  =  2  tons. 
*'     dM=  c«"  =4    " 
"      e<  =  3d«'-f  ».6  =  21.«. 


Strains  alonir  tbe  obliques. 

Along  bo  =  6*"'  =6.«S. 
"  cjr  =  ch"  =6.96. 
••      di:=  dh'   =8.04. 


Strains  along:  tbe  raised  tie*lMir  ai, 

Aii  =  ht  =  2R  tons, 
from  JT  to  <  =  »«  -f-  »'»'  =  26  +  6.5  =  82.5. 
"     ©to*  =  »«  4-  h't'  4-  h"t"  =  26  -t-  6.5  -f  6.6  r^  8». 
"     atoo  =  ht  +  h't'  4-»"*"  -f- *"'«'"  =  26  + 6Ji-|- 6.6 +  6.6  = 

Strains  along:  tbe  rafter  ea. 

ft  r  =  28JS  t»ns. 


"     e  to  d  =  Ar  +  fc'r  =  28.5  +  7.13  =  85.63. 
"     bioc  =  hr  4- h'r  +  h"r  =  28.5  +  1.13 -{-' 
"     ato6  =  Ar-f  *'r  +  *"»•  +  *"'»•  =  28.5-^- 


7.13  =  42  76. 

7.13  +  7.18  +  7.13  =  4B.9. 


•  •  It  is  probable  that  the  tie  rod  is  sometimes  raised  in  this  manner  bj  persons  ignorant  of  the  foet 
that  they  thereby  greatly  increase  the  strains  on  the  rafters,  &o. 

All  the  strains  in  Fig^s  14,  15.  an<l  16  may  also  be  found  by  pre* 

oisely  the  same  process  at  that  for  bowstring  and  cresoent  trasses,  tn  Art  19. 

The  tension  in  the  tte>rod  which  brings  the  9.6  tons  additional  load  to  e,  eauses  at  the  sMme  time 
an  equal  upward  pull  at  a.  Hence  the  final  pre;:  of  the  triU9  apon  eaok  abut  remaiiu  6  tons 
(  s  half  the  weight  of  truss  and  load}  as  in  Fig  14. 
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RxM.    The  reason  for  measuring  only  parU  of  the  vert  lines  which,  in  Figs  14, 15, 
16,  represent  the  whole  panel-Ioaas,  is  that  the  rafter  ae.  Figs  14  and  16;  or  the  tie 
a  »  of  Fig  15,  being  inclined,  also  bear  a  part  of  each  panel-load  ;  and  since  that  part 
does  not  go  forward  to  the  next  point  of  support,  but  goes  backward,  ^ong  said  in- 
clined member,  to  the  abut  at 

a.      It b  o,  it  must  be  omitted  in  the 

second  process.  Thus,  in  Fig 
17,  if  &  a  be  an  incMned  rafter 
resting  on  an  abnt  a;  bg  a, 
strut ;  and  ftr  a  vert  line  repre- 
senting the  load  sustained  at 
b  hy  ba  and  bf/;  if  we  com- 
plete the  panUlelogram  bmrn 
of  forces,  then  will  bm  give 
by  scale  the  strain  along  tlie 
^  strut ;  and  b  n  that  along  the 
■^  rafter.  The  strain  along  the 
o  strut  is  Made  up  or  composed 
of  the  portion  6  »  of  vert  force ; 
and  the  hor  force  sm.  The 
vert  portion  6  <  alone  goes  to  the  next  point  of  support;  while  s  m  strains  the  tie  ag 
hor.  So  also  the  strain  6n  is  made  up  of  the  other  portion  (bo  or  sr)  of  the  vert 
force  br;  and  of  the  hor  force  on;  which,  when  the  strain  bn  reaches  a,  become 
again  resolved  into  two;  one  of  which,  bo,  presses  vert  upon  the  abut;  or,  in  other 
words,  transfers  to  the  abnt  the  portion  bo  of  the  load  resting  on  6;  while  the  por- 
tion on,  which  is  equal  to  sw,  strains  the  tie  ag  hor. 

But  in  Fig  18,  where  6  r  also  represents  a  load  resting  on  b,  and  supported  by  a 
strut  6 g,  and  by  a  hor  chord  b  a,  if  we  complete  the  parallelogram  bmr  n,  we  have 
the  strain  b  m  along  the  strut,  composed  of  all  the  vert  force  b  r,  and  the  hor  force 
r  m.  The  whoU  of  br  is  tnuisferred  to  the  next  point  of  support ;  while  r  m  and  6  n 
produce  only  hor  strains  along  6  a  and  g  y. 

Art.  16.  The  roof  truss,  Figs  19,  20,  and  21,  consists  of  two  complete  Fink 
trusses,  ane and  ehl^  Fig  21.    It  is  supposed  to  be  of  the  same  span  (64  ft)  and  ht 


Fio17 
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NOTE. 

The  A»llowingr  may  at  times  save  tirouble  In  deslicrnlniT  roof 
trnsses.  After  the  dimensions  of  all  the  members  of  a  roof  truss  of  any  span 
have  been  calculated,  then  those  of  any  amaUer  span  Bimilarl.v  arranged,  and  having  the  same  rise 
in  proportion  to  its  span,  and  the  same  extraaeons  load  per  sq  ft ;  but  with  the  trnsseji  at  the  same 
dist  apart  as  in  the  large  span ;  maj  be  found  tafety;  and  often  near  enough  for  practice,  thus : 

Find  the  area  of  cross  section  of  each  member  of  the  large  truss,  in  sq  ins.  Then  make  the  area 
of  cross  section  of  each  member  of  the  small  truss  less  than  that  of  the  corresponding  member  of  the 
large  truss  in  proportion  as  its  span  is  smaller.  The  small  truss  thus  obtained  will  be  stronger  than 
the  large  one  onder  the  same  extraneous  load  per  sq  ft.  For  instance,  suppose  a  truss  of  175  ft  span 
has  been  designed  to  carry  safely  a  total  load  ((  «  incttiding  its  own  wt)  of  40  0>s  per  sq  ft  of  ground 
eovered.  Such  a  truss,  by  Ubie,  p  580,  will  weigh  8>05  Sts  per  sq  fc  of  ground  covered,  leaving 
40  —  8.05  =  81.95  lbs  'per  sq  ft  as  its  safe  extraneous  load  of  purlins,  slate,  snow,  Sk.  Now  a  truss 
of  one-fifth  this  span,  or  35  ft,  proportioned  by  the  above  rule,  would  sustain  safely  one-flfth  the 
same  total  load ;  or  (with  trusses  at  same  dist  apart  in  both  cases)  would  sustain  the  tavu  total  load 
(40  lbs)  per  aq  ft.  Rut  the  weight  of  the  small  truss  itself,  per  sq  ft  of  ground  covered,  is  only  one- 
flfth  of  that  of  the  larger  one,  or  1.61  lbs,  leaving  40  —  1.61  =  38.30  lbs  per  sq  ft  as  its  safe  extraneout 
load,  while  that  of  the  larger  one,  as  shown  above,  is  only  31.95  lbs.  Reductions  will,  however, 
rarely  be  made  to  as  small  as  one-flfth ;  and  where  the'  short  span  is  not  less  than  half  the  long  one. 
the  method  will  answer  very  well  in  practice.    For  examples  of  reducing,  see  p  581. 

With  the  same  total  load  per  sq  It  (incladlngr  the  wt  of  the 
truss  Itself)  and  with  trusses  at  the  same  dist  apart  in  all  oases,  the  strains  on 
the  several  members  of  trusses  proportioned  by  the  above  rule,  will  be  In  the  same  proportion  as  tho 
spans;  as  will  also  the  areas  of  cross  section  and  weights  per  ft  run,  of  each  member,  the  wt  of  the 
trass  alone,  per /t  of  span  and  per  »j/t  of  ground  covered,  and  the  total  load  on  a  truss,  Including 
iu  own  wt;  but  the  tot<U  tote  of  the  truetes  otofM  will  be  as  the  sjif ares  of  the  spaut. 
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(16  ft)  at  Figs  10, 11, 14, 15, 16;  and  to  have  the  lame  number  (9)  of  points  of  nnp- 
port  for  the  weight  (32  tons,)  supposed  to  be  uniformly  distributed  along  its  top. 
Cousequently  from  our  first  process  there  will,  as  before,  be  2  tons  of  panel- 
load  at  each  of  the  end  supports ;  and  4  tons  at  each  of  the  others.    Write  these 


SkAle  oj  tons  Jor  strains 

js^ L_ 


Bise  16  re.        N 
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down  as  in  Fig  20.*  The  part  truss  ex  a  may  be  regarded  as  being  composed  of 
three  separate  truswes  exa,egc,  cma;  as  will  appear  more  plainly  from  ena,  eic^ 
and  CO  a,  in  Vig  2l.  These  may  be  called  Jirtt  and  second  secondary  trusses.  In  Fig 
19,  the  half  eyp  exhibits  a  truss  on  the  same  principle,  but  having  a  greater  num- 
ber of  points  of  support  for  the  uniform  wt.  That  half  truss  consists  of  first,  second, 
and  third  secondaries,  as  shown  by  eyj),  tgi^  and  esw.  However  far  this  subdi- 
vision may  be  carried,  if  the  struts  occur  at  equal  dists,  each  of  the  smallest  divisions, 
as  coo,  Fig  21,  is  to  be  regarded  as  a  complete  truss  in  itself,  loaded  at  its  center 
only.    One-half,  therefore,  of  its  wt  must  rest  upon  each  of  its  supports  a  and  c. 

Thus,  with  our  second  process  at  one  of  the  shortest  struts,  as  6  m,  Fig  20, 
2  of  its  4  tons  go  to  c  at  the  next  longer  strut,  cx\  and  2  of  them  to  the  end  a  of 
the  rafter,  as  written  on  the  Fig.  Then,  at  the  other  of  the  shortest  struts,  of^,  2 
tons  go  to  c;  and  2  to  the  end  e  of  the  rafter. 

We  will  suppose,  for  the  present,  that  the  end  c,  and  the  corresponding  end  of  the 
other  half  truss '«  k  2,  Fig  21,  rest  upon  an  abutment  at  e,  as  a  rests  upon  its  abut. 

We  thus  have  4  tons  at  & ;  4  at  (2 ;  and  8  at  c. 

In  like  manner  we  now  regard  the  first  secondary  truss  a  me  (see  ane.  Fig  21)  as 
loaded  at  its  center,  c,  only,  with  8  tons  as  just  explained.  Of  these  8  tons,  4  are  of 
course  supported  by  the  abut  at  a,  and  4  by  the  similar  abut  supposed,  for  the  pres- 
ent, to  be  at  «;  both  of  these  4  tons  are  therefore  set  down  as  at  a  and  e.  When 
there  are  more  points  of  support,  as  along  the  rafter  ep.  Fig  19,  the  process  is  pre- 
cisely the  same :  we  first  adjust  the  strains  of  the  four  third  secondaries,  esw,wrt. 
ivk,kup;  placing  them  at  e, w,i,  *:,  and p ;  then  we  transfer  those  thus  accumulated 
at  to  and  fc,  to  e,  t,  and  p ;  and  finally  transfer  them  from  i  to  «  and  |>,  at  the  ends  of 
the  rafter.  -Now,  returning  to  Fig  20,  we  see  that  in  addition  to  the  original  panel- 
load  of  ^tons  at  e,  we  have  accumulated  6  tons  of  vert  strain  from  the  other  panel- 
loads  ;  and  it  is  plain  that  the  same  process,  performed  along  the  other  half  truss 
ekly  Fig  21,  would  bring  2  +  4  =  6  tons  more  to  e,  as  written  in  Fig  20.  Thus  it 
appears  that  we  have  16  tons  in  all  at«;t  resting  upon  our  supposed  abut  there. 
But  as  this  abut  has  no  existence,  the  16  tons  really  come  upon  the  rafters  them- 
selves at  «,  and  of  course  half  of  this  wt  (or  8  tons)  is  transferred  by  a  rafter  to  each 
abut.  Write  down  the  8  tons  at  a  as  in  Fig  20.  We  thus  have  for  the  total  vert 
pressure  at  a,  2  -+-  2  +  4  +  8  =  16  tons  =  half  the  total  wt  of  truss  and  load,  and 
this  is  a  further  proof  of  the  correctness  of  the  operation. 

Having  thus  finished  our  second  process  of  finding  the  additional  strains  at  the 
several  points  of  support  produced  by  the  original  panel-loads  on  their  way  to 
the  abutments,  wo  have  only  by  our  tbird  process,  to  complete  the  drawing, 
so  that  we  may  measure  by  scale  the  strains  along  all  the  members  of  the  truss.  To 
do  this,  from  the  tops  of  tlie  stmts  draw  vert  lines  6t?,  c  v,  dt)  to  represent  the  total 
vert  strains  accumulated  at  those  res|)ective  points ;  namely,  4  tons  at  b,  4  at  d,  8  at 
c.  Draw  «  o,  r  o,  tj  o  parallel  to  the  rafter  a  e.  Then  ^  o,  c  o,  d  o  will  give  the  strains 
along  the  struts ;  3.6  tons  on  &  m  or  d  ^ ;  and  7.2  tons  on  c  x ;  and  vo,vo,vo  will 
give  those  produced  directly  by  the  final  panel-loads  from  their  points  of  support, 
upon  the  lower  halves  of  the  rafters  of  their  respective  secondary  trusses.  Thus  the 
4  tons  at  d  exert  a  pres  there  of  1.77  tons  (atj  shown  by  the  upper  v  o)  upon  the  lower 
half  do  of  ec.  The  4  tons  at  b  exert  an  equal  pres  npon  b  a,  and  the  8  tons  at  a 
strain  ca  3.64  tons.  These  strains  v  o  of  course  become  proportionally  greater,  and 
bo^co,do  proportionally  less,  as  the  rise  of  the  truss  increases  in  proportion  to  the 
span.    They  will  be  referred  to  further  on. 

Lay  off  mi,  X  t,  g  i  respectively  equal  tobo,co,do;  draw  ij,  ij,  ij ;  and  t  y,  t  y, 
i  y,  parallel  to  the  ties ;  thus  completing  the  parallelograms  of  forces  ij  m  y,  ijxy, 
^JffV'  Draw  the  diags  yj,yj,!/J;  and  the  vert  lines  mu,xu,gu.  Lay  off  the 
vert  dist  ef  equal  to  the  total  vert  strain  (16  tons)  at  «;  make  ez  =  to  half  of  «/; 
draw  z  h  hor ;  and  hf. 

Now  m  y  and  mi'  give  the  strains  (4  tons  each)  along  the  ties  ma^mc,  caused  by 
the  4  tons  at  h\  which  strains  extend  from  t»  to  a  and  c.X    In  like  manner  g  y  and 

*  When  merelj  wishing  to  uoertain  the  strains  along  the  members  of  xaeh  n  truss,  vithoat  earing 
to  trace  their  progress,  we  may  omit  part  of  the  following :  and,  after  having  made  a  correct  diagram 
at  the  trass,  we  may  at  once  write  down  the  vert  strains  at  the  points  of  snpport,  thus :  At  «  (the 
apex  or  peak  of  the  trass;  write  one-AoZ/of  the  entire  wt  of  a  truss  and  its  load,  (for  which,  per  *q  ft, 
see  Tiible  4,  p  6bl)  at  the  foot  a  of  the  rafter,  one  half;  at  the  center  strut  c  one  fourth ;  at  b  and  d, 
one  eighth  at  each ;  and  when  there  are  four  intermediate  subdivisions  of  the  same  Itind,  as  alons; 
the  raft«r  ep,  Pig  19,  one  sixteenth  of  said  entire  weight  at  each  of  saeh  additional  points,  &c.  Thus 
the  trital  load  at  any  longer  strut  will  be  twice  as  great  ax  that  at  any  next  shorter  one.  Then  begin 
at "  Having  thus  flnisbed  our  second  prncexs," 

T  This  Is  precisely  half  the  wt  (82  tons')  of  the  entire  truss  and  its  load ;  and  as  this  will  always  be 
the  case  In  trndsies  on  this  principle,  it  proves  our  wo'ck  to  be  correct  thus  far. 

J  When  the  main  tie  o  t  is  hor,  as  in  Fig  20,  these  strains  along  the  ties  will  be  equal  to  those  at 
the  points  of  support,  only  where  the  height  of  the  truss  is  equal  to  }4  of  its  span ;  as  in  the  oaa* 
before  us.  When  the  height  is  less  than  K.  the  strains  on  the  ties  will  be  greater  than  those  at  tbe 
points  of  support ;  and  vice  versa. 
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gj  give  the  stntini  (4  tobs  nacli)  extending  from  9  to  c  and  e.  In  Fig  21,  the  Mhort 
ties,  o  ayO  Cy  i  c,  i  e,  sliow  this  more  distinctly.* 

Next  X  y  and  xj^  Fig  20,  give  the  811*8108  (8  tons  each)  prodnced  along  x  a  and  x  e 
hy  the  8  tuns  lit  c.  This  ulso  is  shown  more  plainly  in  Fig  21,  by  the  ties  11  a  and 
n  e.  The  hor  line  k  t  gives  the  strain  (16  tuns)  produced  along  the  entire  hor  tie 
a  2,  Fig  21,  by  the  lb  tons  at  e.    Fig  20  may  be  considered  one-half  of  Fig  21. 

We  have  for  tlie  total  strains  on  the  ties  as  follows: 

Along  c  m  aad  e  g,  itraiD  —  mj  or  j^  jr  =  4  tooa. 

Along  at  «,  from  «  to  0>  strain  =  x^  r:  8  tons. 

Along  s  «,  from  f  to  e,  strain  =izi-\-aj-=i%-\-K^\%  tons. 

Along  t  a,  from  ( to  2,  strain  =  A  «  =  16  tons. 

Along  t  a,  from  *  to  «,  strain  =  *jr4-*y=:16  +  8  =  24  tons. 

Along  t  a,  from  m  to  a,  strain  =:*jr-f-zy  +  iMy  =  I6-|-8-f-4  =  n  tons. 

The  line/ ft  or  e  *,  Figs  20  and  21,  gives  the  longitudinal  pres  (17.9  tons)  brought 
upon  each  rafter  by  the  16  tons  vert  load  which  our  second  process  brought  toe. 
l^hia  pres  strains  the  entire  rafter  uniformly  from  end  to  end  ;  but  the  several  por- 
tions of  the  rafter  sustain,  in  additior^  pressures  arising  more  directly  from  the 
panel  loads.  For  instance,  the  4  ton  loud  at  cf,  produces  at  <2,  as  already  explained, 
a  pres  v  o  =  1.77  tons  along  d  c,  and  one,  d  o  =  'iJ5  tons,  along  the  strut  d  g',  and 
this  last  exerts  pulls,  y  g  and  gj^  =  4  tons  each,  along  g  c  and  g  e.  Now  if  on  gj  we 
draw  the  parallelogram  g  nj  u,  making  j  n  and  u  g  Vert,  and  uj  and  g  n  parallel  to 
the  rafter,  then^*  n  or  u  ^  will  give  the  vert  load  of  2  tons  which  travels  to  e  from 
the  4  tons  at  d;  while jf  u  or  g  n  will  give  the  strain,  =  2.7  tons,  exerted  along  tlie 
second  secondary  rafter  e  c  by  the  tie  g  e.  Similarly  the  parallelogram  yuwg  gives 
the  vert  load  y  ip  or  u  g,  =  2  tons,  which  travels  from  d  to  e,  and  the  strain  y  u  or 
w  y,  =  4.47  tons,  exerted  upon  c  <»  at  c  by  the  tie  c  ^.  The  4  tons  at  d  therefore  pro- 
duce a  strain  yu  =  4.47  tons  along  cd,  and  one,  uj  =  2.7  tons  along  d«;  b^tausettj 
=  2.7  tons  exerted  at  f,  and  ro  =  1.77  tons  exerted  at  d  (=  4.47  tons  in  all)  both  press 
the  lower  part  d  c,  and  strain  it  against  the  equal  pres  of  y  u  at  c  ;  whereas  this  upward 


pres,  =  4.47  tons,  of  y  1/,  is  diminished  at  d  by  the  downward  pres,  1.77  tons,  of  v  0, 

'  Qg  an  upward  pros  of  2.7  tons  to  strain  a  e  against  the  equal  downward  pres  uj 

In  the  same  way  y  u  and  tij  of  the  lower  parallelogram  show  the  strains  (4.47 


and  2.7  tons)  brought  upon  a  b  and  6  c  respectively  by  the  4  tons  load  at  b;  and  y  a, 
uj,  of  the  middle  parallelogram  give  the  corresponding  strains  (8.94  and  5.4  tons) 
brought  upon  a  c  and  c  e  respectively,  by  the  8  tons  at  c. 

The  total  strain  upon  any  portion  of  the  rafter  Is  found  by  adding  together  the 
uniform  strain  e  h  or/ A,  common  to  all  parts,  und  the  strains  peculiar  to  such  por- 
tion, as  shown  b}'  the  lines  y  u  and  uj.  Taking  the  part  e  d  for  instance ;  as  the 
lower  half  of  c  ?  it  sustains  y  «  of  the  upper  parallelogram,  =  4.47  tons ;  as  part  of 
the  upper  half  of  a  e  it  sustains  uj  of  the  middle  parallelogram,  =  5.4  tons ;  and  as 
part  of  the  entire  rafter  it  sustains  e  h  =  17.9  tons;  or,  in  all,  4.47  -f  5.4  -f- 17.9  = 
27.77  tons. 

Thus  w<>  have,  for  tlie  total  Strains  along:  a  rafter. 

From  «  to  d,  strain  =  uJ  of  upper  parallelogram  -4-  Mi  of  middle  parallelogram  -{-  e  k  =:  3.7  -f-  5.4 

-f-  17.9  =  26  tons. 
From  d  to  c,  strain  =  upper  y  «  +  middle  uJ-^-e  h  =  4.47  -4-   5.4  4-  17.9  =  17.77  tons. 

"     e  to  6.  strain  =  lower  uJ  +  middle  yw-{-6»=   2.7-4-  8.94  4- 17-9  ==  '^-54  tons. 

"     i  to  a,  strain  =  lower  y  w  +  middle  y  «  -f  e  »  =  i.47  4-  8-94  -|-  17.9  =  S1.31  tons. 

The  center  vert  e  t  may  be  omitted  in  shoi-t  spans  where  the  tie  bar  is  hnr,  as 
a  I  Fig  21 ;  since  it  then  sustains  nothing  but  the  wt  of  the  half  (y  y)  of  the  central 
spread  x  x  of  the  hor  tie  a  I. 

Art  16  A.  If  the  main  or  primary  tie  is  raised  at  its  center, 

as  p  n.  Fig  19,  proceed  ns  at  Fig  16,  and,  after  having  found  the  vert  strains 

at  all  the  points  of  support,  as  before,  add  to  that  (16  tons)  at  e,  an  amount 


Said    y  the  vert  ht  (  n,  Fig  19,  to  whioh  the 
16  tons  ^  tiep  n  is  raised  above  the  hor  j)  t. 


the  remaining  ht,  n  «.  Of  the  truss. 
This  additional  amonnk  is  the  strain  on  tlie  cen  vert  rod  e  n,  which  is  indispensa* 
ble  in  such  cases.    Then,  as  in  Art  15,  lay  off  the  vert  «/  Fig  20,  equal  to  the 

total  vert  strain  at  «,  thus  found ;  and  after  drawing  /A  parallel  to  the  rafter,  draw 

*  In  practice,  the  ties  a  o,  an,  he,  Fig  21,  of  the  secondaries,  are  not  alwajs  made  distinct  rton 
that  (a  I)  of  the  primary  truss  a«l;  but  they  are  so  represented  in  Fig  21,  merely  to  show  more 
plainly  that  the  central  portion  z  x  of  the  primary  tie  a  I  needs  only  such  dimensions  as  will  eoaUe 
It  to  susf-'- "^     "^       '        ........         ...  .  _  1. 


it  to  sustain  the  thrust  produced  by  the  16  ton  strain  at  « ;  whereas,  along  its  portions  s  m,  <  «  h 
muRt  be  stout  enough  to  bear,  in  addition,  the  pull  along  the  first  secondary  ties,  na^kl:  while  st 
ItM  ends  ma,  ml  It  must  resist  not  only  the  two  preceding  forces,  but  also  those  along  the  seoood 
■MODdary  ties  o;ol.  Likewise  it  is  plain  that  Ihe  portion  g  eot  the  first  secondary  tie  «  «.  mast 
o*  stouter  than  the  portion  n  g ;  because  g  e  has  to  bear  also  the  pnll  along  the  second  seeoodaij  tl» 
»  «.    In  Fig  20,  those  portions  of  the  ties  which  are  most  strained  are  shown  bj  stouter  lines. 
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ft«pM»llel  to  ttao  iaclined  tie,  intteacl  of  bor.  /A  gUefl  tlie  pros  throngbont  the 
rafter,  due  to  the  total  vert  load  at  e;  and  h  m  gires  the  pull  throughout  the  ruiwd 
tie-ix>d,  due  to  the  same  load.  Both//i  and  k  z  are  of  course  greater  than  tlie  cor- 
respondmg  straiuH  t  h,h  z.  Fig  20.  Like  tliem,  they  are  to  be  uaed  iu  finding  the 
to/a£^8train8  in  the  several  parts  of  the  rafter  and  tie-rod. 

If  we  omit  the  third  secondary  trusses  «  «  u>,  Ac,  Fig  19,  the  strains  on  the  stnUf^ 
w  g,  i  y,  k  tn,  will  be  the  same  as  those  on  the  corresponding  stmts,  dg^cx^ &m,  Fig 
20;  but  the  strains  on  the  rafter^  correitponding  to  y'u^  uj.  Fig  20,  and  those  on  all 
the  ties,  corresponding  to  m  y,  mj,  Ac,  Fig  20,  althongh  found  by  the  same  process 
R^  in  Fig  20,  will  be  grtatrr  than  in  that  case;  in  addition  to  which  the  uniform 
strains,/*,  hz,  exerted  thronghont  the  entire  rafter  and  tie-rod  respectively  by  the 
final  vert  load  at  «,  will  also  be  greater,  as  explained  above. 

Art  16  B,  If  tlie  main  tie  is  ralse<l  only  part  way,  asp  y,  Fig  19. 
and  then  continued  hor,  as  y  o;  draw  it  as  if  it  extended  to  n,  as  in  Art  16  A,  and 
use  the  same  ht»  <  n,  n  «,  for  finding  the  additional  vert  prcs  at  e.  Find  fh  and  h  z 
as  in  Art  16  A.  On  p  n  lay  off  by  scale  the  pull  hzoupy  found  as  abore ;  and  on 
this  as  a  diag  draw  a  parallelogram  with  ydes  parallel  respectively  to  y  e  and  p  o. 
The  latter(hur)  give  the  total  strain  on  y  o,and  the  former  give  an  additional  sttuin 
on  y  e,  to  b?  add^  to  those  found  for  each  part  of  that  member  as  directed  in  Art  16  A. 

In  this  case,  as  in  Fig  20,  the  cen  vert  eo  sustains  only  the  \vt  of  half  the  hof 
stretch  of  the  tie  bar,  and  may  be  omitted  in  short  spans. 

Rkm.  1.  Tt  is  not  neocMnrj  actnally  to  draw  all  three  of  tbo  parallelograma,  ••  in  Pi(  30.  The  large 
or  center  one  alone  will  suffioe :  for  we  need  only  div  the  several  strains  measured  along  the  alrat  en. 
Pig  tk  i  and  aieng  the  ties  «  a,  n  «.  by  8,  to  get  those-along  the  strata  4  o  and  4  i :  and  along  the  ti«8 
« 0.  c  o,  e  t,  «  <.  And  these,  in  turn,  div  bj  t,  will  give  those  along  the  smailler  sabdiTisions  shown 
between  «  and  p,  Fig  19,  if  there  are  suoh ;  and  so  on  with  aa7  number  of  stUl  smaller  ones. 
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Art^.  1«€.  Remarks  on  kins  aad  queen ;  and  on  Fink  trusses, 
for  r4»olli«  The  fullowing  comparisoD  is  founded  upon  total  spans,  or  lengths 
of  truss,  of  154  ft.  Rise  30.8  ft ;  or  ^  of  the  total  span.  Trusses  7  ft  apart  from  cen- 
ter to  center.  Bach  rafter  83  ft  long.  Total  load,  including  the  truss  itself,  40 
B>8  per  so  ft  of  roof:  or  20.8  tons  to  each  truss..  There  are  seventeen  points  of  sup* 

208 
port  in  each  truss ;  consequently  a  full  panel-load  (Art  11)  is  —  =  1.8  tons.  Trusses 

as  shown,  half  of  each,  in  Figs  47A  and  48,  p  606.  The  strain  in  tons  (calculated 
as  if  all  the  weight  of  truss  and  load  were  on  the  rafters)  is  marked  on  each 
member.  The  assumed  coefficient  of  safety  for  ties  is  8.  Iron  is  supposed  to  be  used 
that  will  not  break  with  a  less  pull  than  20  tons  per  sq  inch ;  the  assumed  safe  allow- 

20 
able  pull  being  therefore  here  taken  at  -^  =  <9^tons  per  sq  inch.  The  safe  pressure 

along  the  raftei-s  is  taken  at  3^  tons  persq  inch.  The  stmts  are  assumed  to  be  wrou^t 
cylindrical  tubes,  with  an  outer  diam  equal  to  i  of  their  length ;  and  of  such 
thickness  as  will  give  them  a  metal  area  of  t  sq  inch  for  each  2  tons  of  strain.  The 
rafters  are  in  the  present  case  supposed  to  be  9-inch  rolled  Phoenix  beams ;  i}/^  sq  iiis 
transverse  area ;  weighing  25  ros  i>er  foot  run.  The  ends  of  all  ties  are  supposed 
to  be  enlarged,  or  upset ;  so  that  the  cutting  of  the  screw-threads  shall  not  diminish 
their  effective  area.  The  purlins  are  supposed  to  be  at  or  near  the  "points  of  sup- 
port," so  as  to  produce  no  cross-strains  on  the  rafters. 

Table  1.  Weigrbt  of  tbe  Flnfc  frnsM,  of  wklcb  Tig  47A  skews 
one-kair. 

Length  154  ft.    BIm  -^  length.    TrasseB  7  ft  apart.    Load  40  lbs  per  sq  ft  of  roof;  including  truss. 
(Original.) 


Name  of  part. 


Rafter.... 
Main  Ue.. 


I; 


Secondarj  ties.... 


I'r 


Center  Tertical  jf say 

Joint  and  splicing- pieces,  nnts,  &o.  Ac...  say 
Shoes  at  ends  of  rafters,  say 

Wt  of  purlins  not  included.  Total  wt  of  truss 


Number 

of 
parts. 

Area  of 

each  part. 

sqins. 

• 

Lbs.  per 
foot  run 

of 
each  part. 

Total 

weight  of 

all  the 

parts. 

Lbs. 

Lbs. 

3 

7.50 

25. 

4150 

4150 

1.95 

6.5 

430^ 

2.93 

9.77 

450 

1446 

8.41 

11.37 

272 

3.66 

12.22 

294 

0.50 

1.67 

781 

0.73 

2.44 

118 

0.98 

8.27 

150 

676 

1.47 

4.89 

118  r 

1.71 

5.70 

'!?] 

0.25 

0.83 

2.40 

8.0 

272) 

1.20 

4.0 

136  C 

471 

8 

0.60 

2.0 

68^ 

1 

40 

400 
400 

40 
400 
400 

=7588 

7588 
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With  the  Mme  total  load  per  stf  ft,  imhuHnff  Mt  trtmsti^  (with  tmuee  7  ft  apart ; 
rise  I  span)  the  area  of  each  part,  its  wt  per  ft  nm,  and  the  strain  upon  it,  are 
<u  Ike  $pan§ ;  but  the  tolul  wts  of  th^  trusies  akme  are  as  the  tquarfa  of  the  spans. 
Hence,  it  is  easy  to  deduce  from  the  table  the  areas  reqd  for  smaller  spans.  The 
rafters  for  small  spans  are  frequently  made  of  round  iron  rods  from  1^  to  1^  ins 
diam ;  or  of  ordinary  flat  bars.  Tubes  with  the  same  area  of  metal,  would  be  better. 
For  trusses  also  of  different  spans,  and  rise  of  ^  the  span,  7  ft  apart,  in  which  the 
rafters  and  struts  are  of  wood,  with  ties  of  iron,  tiie  strains  may  be  deduced  quite 
closely  from  those  in  Figs 47A  and  48.  They  will,  howerer,  be  somewhat  greater, 
because  woudeu  struts,  not  being  hollow  like  our  assumed  iron  ones,  must  be  heavier 
than  the  latter  to  prevent  bending.  The  weight  of  the  load,  however,  is  generally  so 
much  greater  than  that  of  the  truss,  that  this  consideration  of  ^e  strut  is  not  very 
material ;  so  that  a  roof  partly  of  wood  may  be  assumed  in  practice  to  weigh,  together 
with  its  load^  but  little  more  than  an  iron  one ;  and  the  sUainf  on  the  several  parts 
will  be  nearly  the  same  in  both  cases. 

Table  2.    Weifrbt  of  tbe  kins  and  qneen  trass,  of  wkleli 
FiflT  48  shows  one-Half. 

Length  164  ft.    RiseXleastlu    TroMes  7  ft  apart.    Load  4i9  Ibc  par  iq  ft  of  roof;  inolndliif  trass. 
(Original.) 


Name  of  part. 

ITumber 

of 
parU. 

Area  of 

Lbs.  per 

foot  run 

of 

each  part. 

ToUl 

weight  of 

all  tbe 

parts. 

Lbs. 

lUfter -  - 

2 
I 

7.5 

2.2 
2.44 
2.68 
2.92 
8.16 
8.41 
8.65 
8.65   ■ 

.0 
.1 
.2 
.8 
.4 
.5 
.6 

1.4 
.88 
1.05 
1.28 
1.56 
1.83 
2.12 
2.40 

25 

7.38 
8.14 
8.94 
9.74 
10.54 
11.34 
12.14 
12.14 

.0 
.33 
.67 
1.00 
1.33 
1.67 
2.00 
4.67 
2.92 
8.50 
4.25 
6.17 
6.08 
7.08 
8.00 

4150 
146  70^ 
162.80 
178.80 
194.80 
210.80  ' 
226.80 
942.80 
Stt.80. 

.0  -» 
5JJ4 
16.00 
32.00  ■ 
53.33 
80.00 
112.00, 
150.00 

64.20-1 
91.00 
136.00 
196.87  . 
267.63 
366.30 
464.00J 
400.00 
400.00 

4150  00 

fH 

Q 

p  ....           

B  

1606.30 

Main  tie. •{ 

D *. 

c 

B  

A  

Verticals 

Center  vertical... 
Stmts -^ 

ri    

J   

i ::::";.:::::::::::::: 

I 

*298  66 

150.00 

/* 
' 

t 

1587.50 

Joint  and  spUdnf- 
Staoes  at  euds  of  rs 

Wt  of  purlins  not  i 

u     ;;: 

V     ;:" 

kI  ::::::::::":::::::::: 

pieoes,  nats,  Ac,  Ac  ..  saj 
Iters say 

ToUl  weight  of  trass  = 
neluded. 

400.00 
400.00 

8592.46 

8592.46 

Hence,  the  wt  of  the  king  and  qneen  tmse  in  this  inftanpe  is -equal  to  -=Vqq- 
=  1.132  times  (say  1^  times)  that  of  the  equally  strong  Fink ;  or  the  Fink  is  about 
%  part  lighter  than  the  K  and  Q.  Theoretically  tlie  diff  would  be  less,  because  the  rafters 
of  the  K  and  Q  truss  being  so  much  less  strained  at  top  than  at  foot,  may  be  diminislied 
toward  their  upper  ends,  instead  of  being  proportioned  throughout  with  reference  to 
the  max  strain  at  their  feet.  If  the  theoretical  diminution  toward  the  tops  of  tl»e 
sifters,  were  made  in  both  cases,  the  wis  of  the  two  forms  of  truss  would  be  nearly 
equal.  But  in  practice,  on  the  score  of  inconvenience,  this  is  rarely  done  in  roofii 
of  moderate  span ;  say  less  than  about  100  ft.  No  such  diminution,  or  but  very  slight, 
would  be  admissible  even  theoretically,  when  the  purlins  are  not  placed  at  the  points 
of  support  only.  Willi  same  total  load  per  so  O,  includlnir 
trasHes  Ikemselves  at  name  dist  apart,  the  total  wt«  of  trnases 
^-  .        ^ii^ir  wt«  per  1 

Ins  afoiiK 


ar«  as  tbe  squares  of  their  spans  ;  but  their  wts  per  ft  of  span, 
MS  well  as  the  cross  areas,  wts  per  ft  rnn,  and  stralv 


42 
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IndlTidnAl  menibers,  ar«  dlreetlsr  as  the  spans. 

VThen  the  dist  apart  of  the  truraes  is  7  ft  from  center  to  center ;  the 
rise  ^  of  the  span ;  assumed  load,  including  the  vt  of  the  trusses  themselves,  46 
lbs  per  sq  ft  of  roof  covering;  and  the  various  parts  proportioned  for  the  several 
strains  per  sq  inch  assumed  in  Tables  1  and  2;  the  weight  of  a  properly  con- 
structed Fink  truss  will  be  approximately  as  follows : 


Tolal  wt  In  lbs  of 
a  FinlL  roof-tmss  ' 


aqttare  of  span  in  ft 
3.1; 


tpaninfeei 
3.1 


and  the  wt  in  B>s  per  tt  of  span  = 

A  teial  K  and  <|  (mss,  wiU  be  about  \  part  more ;  or  '^^areo/^paninft. 

Or  per  foot  of  spoDy  = 


span  in  /e«t 

2.7. 

noj  J  g  2371 6 

These  rules  give  -r—  =  7650  lbs,  for  the  foregoing  Fink ;  and  -— ■-  =  8784  fta, 
o.l  2.7 

for  the  K  and  Q  truss.    From  these  rules  we  have  drawn  up  the  following 

Table  8.  Approximate  weiglito  of  roof-tmsses  of  the  Fink 
sjstem.    (Original.) 

Biae  4  apan.    TnuMS  1  ft  apart.    Load  40  Ifas  per  iq  ft  of  roof,  inelading  trass. 


Wt  per  sq  ft 

Wtper  sqfl 

Total 

Total  wt  of 

Wtperft. 
of  Span. 

of  groand 

Total 

Total  wt  of 

Wtperfl. 
or  Span. 

of  groand 

Span. 

a  Truss. 

covered. 

Spaa. 

a  Trass. 

ooTered. 

Feet. 

Lbs. 

Lbs. 

Lbs. 

Peet. 

Lbs. 

Lbs. 

Lbs. 

20 

129 

6.46 

.99 

100 

8228 

82.8 

4.60 

3& 

202 

8.08 

1.16_ 

106 

8567 

83.9 

4.8S 

30 

290 

9.67 

1.SB 

1K> 

8904  * 

85.5 

6.06 

S6 

996 

ll.S 

1.61 

115 

4267 

87.1 

6.29 

49 

516 

12.9 

1.84 

120 

4640 

88.7 

5  62 

45 

<54 

14.6 

2.07 

125 

6041 

40.4 

6.75 

60 

807 

16.1 

2.80 

180 

6452 

42.0 

6.96 

55 

97« 

17.8 

2.S8 

185 

6880 

48.6 

6.21 

«0 

1160 

19.4 

2.76 

140 

6336 

46.2 

6.44 

6^  • 

1363 

21.0 

299 

145 

6782 

46.8 

6.07 

TO 

15M 

22.6 

8.22 

150 

7260 

48.4 

6.90 

15 

1815 

24.2 

8.45 

155 

7760 

60.0 

7.18 

HO 

2064 

25.8 

8.68 

160 

8256 

61.6 

7.86 

85 

2S31 

27.6 

8.91 

165 

8782 

63.8 

7.69 

90 

2616 

19.1 

4.14 

170 

9324 

64.9 

7.82 

96 

2912 

90.7 

4.S7 

175 

9879 

56.6 

8.06 

For  king  and  queen  trusses  add  ^  part  to  the  tabular  wt8;.when  the  rafters  are 
as  usual  of  the  same  size  throughout. 
Tbe  wts  in  the  4th  colnmn  will  remain  nearly  the  same,  whatever  may 

be  the  dist  apart.  For  if  this  be  increased  say  to  14  ft,  each  truss  will  sustain  twice 
as  many  sq  11;  of  roof;  and  must  itself  be  at  least  twice  as  strong  and  heavy,  in  order 
to  do  so.  We  say  "  at  least"  because  if  the  dist  apart  is  increased,  the  wt  of  the  jnir- 
lin$  will  generally  increase  mure  rapidly  than  said  dist.  Thus,  if  the  dist  be  donbled, 
the  purlins  will  not  only  be  doubled  in  length,  which  alone  would  double  their  wt; 
but  they  must  also  be  deeper.  In  practice,  however,  long  purlins  are  usually  pre- 
vented from  becoming  very  heavy,  by  tnissing  them,  as  at  7,  Figs  21 J^, 

The  eost,  at  shop,  of  trusses  al^me  for  iron  roofs  and  bridges,  gener- 
ally varies  between  ^  and  2H  times  the  cost  of  ordinary  "refined"  bar  iron.  The 
putting  up  alone  fh)m  Vi  to  j|  the  cost  of  the  iron.  With  roof  trusses  7  ft  apart,  iron 
purlins  will  weigh  about  2  ibs  per  sq  ft  of  ground  covered  by  the  root.  Therefore  to 
any  wt  in  the  4th  col  add  2  fi>s.  Add  for  covering  with  tin,  slate,  or  corrugated  ircMi. 
See  pp  404,  418,  429. 

B£M.  1.    As  to  the  proper  total  weigrht,  or  load,  per  so  ft 

of  roof,  (including  tnoto  and  wind,)  that  $k<mld  be  asdumed  to  be  sustained  by  the  trasses,  eogineen 
differ  considerably.  Tbe  French  appear  to  consider  30  lbs  as  auffieient ;  while  the  £nglishVM40. 
Since  roofs  are  not  subject  to  violent  vibrations  like  bridges,  they  do  not  require  so  bigb  a  oeeffieieBt 
of  safety ;  this  sfaonid  not,  however,  in  our  opinion,  be  talcen  at  le»$  than  3 :  and  this  we  consider 
sufficient.  The  load  is  evidently  inflneneed  by  the  oharaeter  of  the  roof-oovering.  Within  ordiaarr 
limits,  for  spans  not  exceeding  about  75  ft,  and  with  trusses  7  ft  apart,  the  total  load  per  s^  ft,  laslwh 
ing  the  truss  itself,  purlins,  so,  complete,  way  be  safely  taken  as  follows : 
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TAble  4. 


Span  75  tt  or  less. 


Wind 

and  8now.» 

ToUl. 

8  ft*. 

20  IN. 

281ba. 

18  " 

20  •• 

38  •' 

11  •♦ 

20  " 

SI  •' 

81  " 

20  •• 

41   " 

13  " 

20  •' 

33  " 

16  " 

20  " 

3ft  '• 

28" 

20  •• 

44  •• 

10  •• 

20  •• 

SO  '♦ 

Boor  oovered  with  oorragated  iron,  unboarded.t 

If  plastered  below  the  rafters, 
**  '•  "     corrugated  iron,  on  boards, 

If  |riaat«rcd  below  the  raftort, 
**         "  "     slate,  nnboarded,  or  on  laths, 

"         **         "        **     on  boards,  lyi  ins  thick. 
"         "         *•        "     ir  plastered  below  the  rafter*, 
"         •*  •*     shingles  en  laths. 

If  plastered  below  rafters  or  below  tie  beam.  20 
For  spans  from  75  to  150  ft.  it  will  suffice  to  add  4  lbs  to  each  of  these  totals. 

Example  of  use  of  fbrenrotnir  tables.  A  Fink  roof  60  feet  span ;  rise  ^ ; 
trusses  14  ft  apart ;  and  to  be  covered  with  slate,  on  boards  1^  inch  thick.  Uere  we 
see  at  once  from  Table  3  that  at  7  ft  apart,  its  xt  would  be  about  1160  fi)8 ;  therefore, 
at  14  ft  apart,  it  would  be  2320  ft>8.  But  our  table  is  for  40  lbs  per  sq  ft  of  roof:  while, 
for  slate  on  boards,  35  fi>s,  or  ^  part  less,  is  sufficient.  Therefore,  we  may  reduce  the 
weight  of  the  truss  ^  part,  making  it  only  2030  lbs. 

£x.  2.  Roof  as  before,  60  spun ;  trtuses  only  l/t  apart.   Turn  to  Table  1,  where  the 

areas  are  given  for  a  total  length  or  span  of  154  ft.    But  60  ft  is  the  —  =  say  the 

.4  part  of  154  ft ;  therefore,  the  areas,  and  the  wts  per  font  run  of  each  member  of 
the  60  ft  span,  will  be  .4  of  those  of  the  154  ft  one.  Thus,  the  area  of  a  rafter  will 
be  7.5  X  .4  =  3.  sq  ins ;  which  corresponds  with  a  rolled  T  iron  of  3  X  ^14  ins,  and 
J^  inch  average  thickness.  Its  wt  per  foot  run  will  be  2.5  X  -4  =  10  fi>s.  The  area 
of  the  part  n  of  the  main  tie  will  be  1.95  X  .4  =  .78  sq  inch,  which  we  see  at  once 
from  a  table  of  circular  areas,  is  equal  to  a  round  rod  very  nearly  I  inch  diam.  Its 
wt  per  ft  run  =  6.5  X  .4  =  2.6  lbs ;  and  so  with  all  the  other  members.  But  the  total 
wts  will  be  as  the  squares  of  the  span.    The  square  of  154  is  23716 ;  and  that  of  60  is 

8600 
3600.  And  ^—  =  .152;  therefore,  the  total  wts  will  be  .152  of  those  in  Table  1. 

Thus,  th«  two  rafters  will  weigh  4160  X  -162  »  631  lbs.  The  main  tie,  1446 X  :i52»i 
220  lbs,  Ac.    Lastly,  if  for  36  lbs  per  sq  ft,  reduce  each  area  and  vrt^  part. 

Since  the  rafters  are  generally  made  of  T  or  I  Iron,  a  pattern  precisely  adapted  to  the  calcnlated 
strains,  ^ill  not  a1  wajs  t>e  procurable ;  and  in  that  case  we  mav  either  take  the  nearest  one  in  excess ; 
or  change  the  dist  apart  of  the  trass  to  suit  the  pattern  on  band.  Owing  to  the  variety  of  modes  of 
arranging  the  details  of  the  Janotions.  Ac,  an  exact  coincidence  between  the  calculated  and  the  actual 
wts,  is  not  to  be  expected;  but  we  suopect  that  in  properly  proportioned  roofs,  the  discrepancy  will 
rarely  be  fonnd  to  vary  more  than  about  5  per  ct  from  the  results  of  our  roles. 

It  might  be  supposed  that  with  iron  of  a  tensile  quality  considerably  higher  than 
our  assumption  of  20  tons  per  sq  inch ;  as  say  of  25  to  30  tons,  the  truss  might  be 
made  much  lighter.  But  this  is  not  the  case ;  because  the  superiority  would  affect 
the  ties  only ;  inasmuch  as  the  compressive  strength  of  iron  does  not  increase  with 
its  tensile  strength ;  but  to  a  certain  extent  rather  the  reverse.  Now,  by  Table  1,  it 
appears  that  the  ties  in  a  Fink  rocrf^tmss,  constitute  less  than  -fif  of  its  entire  wt. 
llierefore,  iron  of  even  30  tons,  would  reduce  the  weight  of  the  tniss  less  than  ^ 
part  of  3^^  part;  or  j^^;  and  26  ton  iron,  about  ^  part. 

Short  spans  need  not  have  as  many  subdivisions,  or  "points  of  support,'*  as  a  large  one;  and  this 
will  lessen  the  number  of  parts  of  the  truss ;  but  inasmuch  as  the  remaining  parts  will  require  to  be 
proportionally  stronger,  this  consideration  will  not  materially  affect  the  wts.  While  on  this  subject, 
we  will  remark  that  too  few  points  of  support  are  probably  used  at  times ;  owing  to  either  an  under- 
valuation, or  an  ignorance  of  the  effect  of  the  transverse  strains  produced  by  the  load  on  the  parts 


of  the  rafter  between  said  points.    These  parts  must  be  regarded  as  so  many  separate  heama  sup. 

.     -  .-  ^j,  ends:  or  rather,  "  ^      '    '      ■  --•-  —^  --'-   -•-—••--  -• • ~- 

ongly  connected  t«^  .  „  

merely  sappbrted.    If  the  separate  parts  be  tmssed.  like  the  purlin  at  7,  page  683,  to  neutralise  this 


ported  at  both  ends:  or  rather,  iMjlmily  fixed  at  both  ends,  when  the  pieces  composing  a  rafter  are, 
ss  usual,  strongly  connected  tt^rether ;  in  which  case  the  beam  is  about  twice  as  strong  as  when 


traasverae  action,  it  aiust  be  remembered  that  additional  oo«|»res«<on  will  be  thereby  produced 
lengthwiae  yJong  (he  rafter.  The  best  |n«ctice  is,  as  far  as  practicable,  to  increase  the  number  of 
points  of  support,  so  that  the  purlins  may  rest  upon  them  alone,  or  near  them ;  and  thus  relieve  the 
rafters  entirely,  or  in  part,  ft-om  transverse  strain. 

Rem.  2.  As  to  tbc  effect  pr<Nlaced  on  tbe  welarlit  of  a  truss,  by 
ehanjirinK:  Its  rlse«  no  short  conect  rule  can  be  laid  down.  Although  as  a 
roof  becomes  flatter,  its  area  becomeis  less,  so  that  each  truss  has  less  total  wt  of  roof' 
covering,  snow,  and  wind,  to  eustain,  still  tbe  strains  on  most  of  its  members  become 
greater;  requiring  g^-eater  wt  of  truss.    To  find  this  increase  with  accuracy,  it  is 


•  See  Snow  and  Wind,  p  216,  S21. 

t  Tbe  corrugated  iron  itself  will  weigh  ftvm  1  ^  to  2  lbs  per  sq  ft  on  (be  roof.  If  not  plastered  under- 
Beatb,  (be  condensed  moisture  of  the  air,  especially  from  crowded  rooms,  will  fall  f>x>m  tbe  iron  in>o 
(he  rooms  below.  Mere  boarding  will  not  prevent  this,  even  if  toncued  and  grooved,  unless  the  oirmi- 
lation  of  air  against  (he  under  side  of  (be  iron  is  effec(ually  ou(  off. 
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necessary  to  make  a  diagram,  and  perform  all  the  calcalations.  The  strains  an  a 
Kiuk  rafter  become  more  nearly  uniform  throughout  its  length,  as  the  pitch  of  tht 
roof  becomes  less ;  while,  with  a  rise  of  ^  span,  the  strain  at  its  foot  is  about  1-^ 
times  that  at  its  head.  On  the  contrary,  the  strains  on  its  struts  remain  nearly  tht 
tame  in  amount  for  all  ordinary  rides. 

In  the  king  and  qu«ea  trust  th«  stnios  at  tha  baada  and  taet  of  the  raftera  retain  ttw  aame  prth 
porliona  to  each  oth«r.  at  all  riaea ;  the  ttraina  on  the  vertleals  become  !«««  aa  the  roof  beoomea  flatter; 
while  those  on  the  obliqoea  varv  aooordiag  to  their  aeverai  obliqoitiea.  Under  these  irregularities, 
which  affect  the  K  and  Q,  much  more  than  the  Fink,  we  oaa  do  nothing  more  than  say  that  wlieo  it 
is  merely  wished  at  the  moment  to  form  a  rough  idea  of  the  eflbct  of  changing  the  riae,  we  may 
assume  the  weight  of  a  Fink  trusa  to  increase  about  in  the  aama  proportion  aa  we  diminish  the  ri^e: 
or  to  diminish  as  we  inoreaae  the  rise.  Thus,  if  we  increaae  the  nae  of  the  roof  in  TaUe  I,  one-fonrtti 
part,  so  aa  u  Bake  it  equal  to  .tt  or  M  of  Um^mb,  iDate«dor.3oc^«f  the  afma,  «•  may  diminish  iu 
wt  K  P«^ :  making  it  about  MOO  lbs,  instead  of  8000.  Or  If  we  redoee  tiie  rise  from  ^  to  ^jj,  making 
it  only  half  as  great,  we  shall  double  its  weight,  making  it  16000  Iba;  as  rude  approximations. 


Flffs  21 1^  show  a  few  of  the  mitny  forms  of  tlie  detailN 
of  Iron  rooA.  Kvery  maker  has  his  o«-n  modiflcatious  of  them.  Most  of  the 
figs  explain  themselves.    They  will  serve  as  hints.  v 

R  and  P  stand  for  rafter  and  purlin.  In  small  roofs,  with  the  trasses  only  S  or  4 
ft  apart,  the  purlins  may,  as  at  6,  be  simple  ^  inch  or  ^  round  rods,  about  9  ins 
apart;  and  the  slates  may  rest  immediately  on  them,  being  tied  to  them  by  iron 
wire.  They  may  be  bent  down  at  their  ends,  and  rivoted  to  the  rafters.  As  the  dJst 
between  the  tmssen  increases,  these  purlins  may  be  made  of  flat  iron,  fh>m  1  to  Sins 
deep,  and  ]^  inch  thick;  or  of  light  T  iron,  Ac;  and  may  be  trua«ied,  as  at  7,  so  as  to 
admit  of  being  placed  several  feet  apart.  When,  however,  they  have  to  bear  great 
weight,  the  mode  at  c.  Pig  7,  of  confining  their  ends  to  the  rafters,  will  be  too  weak. 
Sometimes  they  may  be  arranged  as  at  y.  Or  the  purlins,  of  either  iron  or  wood, 
may  rest  on  top  of  the  rafters,  as  at  1  and  6 ;  or  their  ends  mav  rest  in  a  kind  of 
stirrup,  as  at  t.  Fig  2;  and  at  P,  Fig  4:  in  castings  placed  at  the  "points  of  sop- 
port"  of  the  truss;  or  they  may  be  confined  to  the  sides  of  the  rafters  by  twoangje- 
irons,  as  at  P,  Fig  9.  PnrllnM  shonld,  when  praetleihble«  he  snp- 
ported  only  at  or  near  the  ^|»oln(«  €»f  support*'  of  the  troM ;  and 
as  a  general  rule,  it  will  be  expedient  to  arrange  the  number  of  these  points  with 
reference  to  this  particular.  The  rafters  are  then  relieved  from  transverse  strains ; 
and  may  be  proportioned  with  regard  only  to  the  compressive  strain  in  the  direction 
of  their  length.  Too  little  attention  is  sometimes  given  to  this  point,  and  the  trans- 
verse strain  is  overlooked,  to  the  serious  injury  of  the  roof.  It  is  well,  however,  to 
bear  in  mind  that  thin  deep  rafters  are  liable  to  yield  by  buckling  sidetoayt ;  and 
that  this  tendency  is  diminished  by  purlins  well  secured  to  them  bfiwfjtn  the  "points 
of  support."  Sometimes  castings  similar  to  2, are  used  at  the  heads:  and  3, at  the 
feet,  of  the  struts  and  vert  ties ;  which  last  have  their  ends  cut  into  right  and  left 
hand  screws,  for  insertion  into  corresponding  female  screws  cat  iu  the  eastings. 
At  3, 1 1  is  the  main  tie  passing  loosely  through  the  lower  opening  throogH  the  cast- 
iug.  Below  it,  is  seen  the  head  of  a  small  set-screw,  for  tightening  together  the 
Ciisting  and  the  tie ;  to  prevent  the  former  from  slipping  out  of  place.  There  must 
be  different  patterns  of  these  castings,  t^>  suit  the  obliquities  of  the  several  obliques; 
or,  in  small  roofs,  the  parts  a  a  may  be  made  with  hinges,  for  the  same  purpose. 
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At  4  and  5  are  cast-iron  sboes  for  simporting  the  ends  of  the  trusses 
upon  the  walls.  With  the  exception,  perhaps,  of  these  shoes,  it  is  better  that  the 
details  generally  should  be  of  wrought  iron. 

At  8  in  a  mo<le  of  coufiuinisr  thin  metal  roof-covering' t,  to 
the  purlins  P,  by  means  of  short  (about  an  inch)  TJ-^haped  pieces  (cett  is  one 
of  them)  of  the  same  metal ;  to  which  i  is  riveted  by  an  %  inch  rivet  through  each 
flange  1 1  This  may  be  adopted  with  corrugated  iron  covering,  which,  by  its  strength, 
allows  the  purlins  to  be  placed  several  feet  apart.  See  Corrugated  Iron,  flat 
•heets  require  boards  beneath  them. 

At  10  is  a  mode  of  confining  a  wooden  purlin  P  on  top  of  an  iron 
one  p,  by  means  of  a  crooked  spike  s  s  s;  which,  after  being  driven  from  below,  is 
clinched  or  benrt  on  top.  Wooden  purlins  are  sometimes  thus  required,  for  nailing 
slates  or  plain  sheet  metal.    At  11,  c,  is  a  stick  of  timber  inserted  between  an  iron 


pnrlin  P  and  the  corrugated  roof-covering  a  a.  To  snch  sticks  plastering-laths  may 
be  nailed,  when  the  roof  is  to  be  plastered  beneath,  to  avoid  condensed  moisture. 
There  is  room  for  much  ingenuity  in  all  these  details  Fig  12  is  a  rafter  made  of  two 
channel-bars  riveted  together;  with  a  web  member  c  c  between  them.  Two  angle- 
bars  are  often  thus  riveted  together  fur  a  rafter. 

Fig  13  shows  a  tnrnbuckle  or  arm  swiv^el  tb,  for  shortening  a  tie-bar 
made  in  two  lengths.  If  < 6  is  made  of  a  pipe  or  solid  bar  it  is  called  a  double 
nut  or  pipe  SWivel^and,  at  least  for  a  part  of  its  ieng;th,  it  is  made  square  or 
hexagonal,  so  that  it  c«in  be  turned  with  a  wrenrh.  Tu  either  case  a  female  screw  is 
tapped  in  each  end  of  the  nut,  right  and  left  hand  respectively;  and  corresponding 
sci-ews  are  cut  on  the  ends  of  the  rods.  When  the  swivel  is  revolved,  the'two  ends 
of  the  rods  are  drawn  nearer  together.  In  the  arm  swivel,  one  rod-end  may  be  left 
plain  and  round,  as  in  fig,  and  furnished  with  a  head  c. 

Fig  14  is  a  mode  of  tiglitening  four  lengths  of  tie-bars  crossing 
each  other,  by  means  of  a  ring.  The  ends  inside  of  the  ring  are  cut  into  screws,  and 
provided  with  tiglitening  nuts,  as  in  the  fig.  The  rings  are  usually  ^  to  1^  inch 
thick  ;  3  to  5  deep  ;  and  7  to  10  diam. 
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HorlBontMl  Fink  TrnM,  n 

QDifomily  kMded.  *^ 

Strains   on    posts  =  fi%wl 

Moel  Iwula :  mi  c  =  c  i  =:  balf  th«  total  wt 
of  truBH  and  load ;  at  6  =  m  i,  and  at  <i= ^  <, 

•ach  =  bair  z  i.  Strains  on  ties : 

on  m  e  aod  g  e,  each  =  m«  =  0v;  on  zm 
and  X  0,  each  -^-xo—xn;  on  ma  and  g  e, 

each  =  zo-f-*>*y  =  >**  +  V'  Strain 

on  etaord  a  «  (anirorm  throughout)  =  half  o  n  -(-  b^lf  H  *  —  b<^  o  n  4*  b^l'  v  w. 


In  tiie  Fink  truss,  the  elTecta  of  a  moTinar  load  niAy  be 
calculitted  m  for  a  full  uniform  uiaximum  load  from  end  to  end.  Thus  awnuiing 
at  first,  as  in  the  preceding  casee»  that  everyUiing  is  borne  by  one  truss  only ;  then, 
when  the  load  is  upon  the  top  choM  of  the  truss,  each  rert  post  may  in  practice  be 
regarded  as  upholding  one-half  of  that  portion  of  the  entire  wt  of  bridge  and  dis- 
tributed load  which  is  between  the  two  extreme  ends  of  the  two  obliques  which 
uphold  said  post.  Thus,  in  Fig  46,  the  half-way  post  dc^  bears  half  of  all  between 
a  and  6.  The  post  m  p,  half «( all  between  a  aiid  d ;  the  post  h  o,  half  of  all  between 
fN  and  d.  Tins  Is  equivalent  to  saying  that  the  half-way  post  bears  h^  the  entire 
wt  of  the  bridge  and  load :  each  qtiarter-way  post,  one-quarter ;  each  eighth-way 
post,  one-eighth,  Ac,  &c,  of  this  same  entire  wt  of  bridge  and  load ;  and  these  consti- 
tute theoretically  the  strains  on  the  several  posts.  But  after  having  got  thus  &r,  it 
is  necessary  to  examine  whether  some  of  the  smaller  ones  may  not  have  to  be  in- 
creased, for  the  following  plain  reason :  Suppose  we  have  assumed  our  max  lewd  to  be 
a  string  of  engines,  weighing  1  ton  per  foot  run ;  or,  including  the  wt  of  the 

bridge  itself,  say  1.4  ton  per  ft ;  and  suppose  our  posts  to  be  as  close  together  as  5 
ft ;  ueo  the  least  loaded  posts  would  each  bear  5  X  1.4  =  7  tods.   But  we  know  that 

from  16  to  ao  tons  may 
be  concfflitrated  within  a 
length  of  6  11,  on  four 
drivers  of  an  engine ;  and 
half  of  it  will  have  to  be 
supported  by  each  post  in 
succession  as  a  train  passes. 
When  we  thns  find  by  trial, 
which  poets  will  be  more 
strained  by  an  engine  than 
by  our  assumed  max  per  ft 
run  of  the  whole  Uuss,  wo 


Fi^.  21  h. 


must  increase  the  load  first  found,  correspendingly.  In  the  Fink,  and  BollmMC 
trusses,  the  verts  are  always  struts  or  poets.  Having  Axed  upon  the  load  for  each 
post,  as  p  o,  Fig  21  A,  then  for  the  strain  which  said  load  «ill  produoe  npon  each  of 
the  obliques,  or  ties,  p  c,  p  A,  upholding  said  poet,  take  any  dist  ji  d  on  the  post,  to 
represent  the  load  by  scale;  and  draw  aic,  a  n,  parallel  to  the  ties;  then  t>  «o, p  n, 
measured  by  the  same  scale,  will  respectively  give  the  strains  on  each ;  whether  they 
be  equally  inclined  as  usual,  or  not.  The  two  hor  lines  n  a,  to  a,  by  the  same  scale, 
give  the  two  hor  forces  which  the  load  at  the  top  o  of  the  post,  acting  through  the 
ties,  produces  upon  the  chord  at  c  and  h ;  which  two  equal  and  opposing /orcr-*  pro- 
duce along  the  intermediate  stretch  c  h  of  chord,  a  ttrain  equal  to  one  of  them.  In 
other  words,  either  n  a,  or  to  a,  gives  the  hor  strain  produced  along  e  A,  by  the  load 
at  o  only. 

Strain  on  tiie  ebord.  This,  from  a  uniformly  distributed  load.  Is  the  s»me 
throughout  the  entire  length  of  a  Fink  chord.  To  find  it,  observe  which  obliques, 
(as  wi  e.ge,o  e,  Fig  21 1',)  of  one-half  of  the  truss,  ifrminaU  at  r-iu  «id,  ^,  of  the  chord. 
Then,  having  previously  found  the  loads  on  the  posts,  c  o^Uff,  t  m,  which  pertain  tc 
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those  i>bliquei»a«cerUun  by  the  pro- 
cess in  Fig  21  A,  the  hor  force  n  a, 
(in  both  figs,)  M'hich  each  of  those 
loads  produces  on  one  oblique.  Add 
together  these  forces  n  Oy  (there 
will  be  but  three  ot  them  in  Fig  21  i, 
as  marked  by  the  dark  lines ;)  their 
sum  will  be  the  strain  along  the  en- 
tire chord.  The  obliques  i»  u,  u  r. 
r  e,^  c,  do  not  terminate  at  e;  and 
are,  therefore,  omitted  in  finding 
the  chord  st^n.    The  process  is  the 

lOt. 


Rtf2Li 


whether  the  verts  are  all  of  the  s 


length  or  not. 

Or  the  hor  chord-strain  produced  by  each  of  the  loads  on  the  poMts  eOjUff,tm, 
may  be  calculated  thus,  and  added  together. 

rTn^'*n*,fr,r     «*<»»•<  ^oad  y.  hor  did  from  post 
l^Z       =    "^^'^  to  end  en/ chord 

twice  Ote  length  nf  the  potL 
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Art.  17.    Fiar  23  representa  a  saspenslon  trwum  on  tbe  Boll- 
maii  plan  ;*  the  whole  weight  supposed  to  be  along  the  top  a  j). 

In  this,  the  strain  from  each 
panel-load,  as  for  instance  that 
at  d,  passes  down  to  the  foot  of 
its  supporting  post  dj ;  and  from 
there  is  transferred  to  the  two 
ends  a  and  p  of  the  chord,  by 
,*|  means  of  two  ties,  aa  j  a,  j  p, 

g^  upon  which  the  post  stands.  In 

^2  this  manner  the  vert  strain  from 

fQ  each  panel  -  load  4a  separately 

_^  sustained;  and  transferred  di- 

5  gl,  rectly  as  a  hor  strain  to  the  ends 

of  the  chords,  by  its  own  post 
and  pair  of  ties*;  withont  pro- 
ducing, as  in  the  foregoing  cases, 
an  additional  vert  strain  at 
the  points  of  support  of  the 
other  panel-loads.  So  omit 
oar  2ncl  process;  and 
having  divided  the  uniform  wt 
of  the  truss  and  its  load,  among 
the  several  points  of  support  a, 
b,  c,  d,  <>,  &c,  as  before,  we  pro- 
ceed at  once  to  draw  the  parallel- 
ograms of  forces  v  u  I  g^  v  u  k  p, 
&c,  for  measuring  the  strains. 
To  do  this  we  have  only  to  set 
up  the  equal  vert  distsZ  r,  Jc  r, 
j  V,  Ac,  each  to  represent  by 
scale  the  4  ton  panel-loads  on 
top  of  the  respective  posts ;  then 
complete  each  parallelogmm  by 
drawing  vu,vg  parallel  to  the 
two  ties  which  support  each 
post.  Then  the  lines  lu^lff; 
k  w,  k  5f,  Ac.  give  by  scale  the 
strains  along  the  respective  ties. 
The  end  a  of  the  hor  chord  is 
pressed  hor  by  the  seven  hor 
forces  u  o,  tt  o„  u  o,„  u  o„^  Ac, 
equal  to  1.75  -f  3  +  3.75  -f  4  -|- 
3.75  +  3  +  1.75  =  21  tons ;  and 
the  other  end  p  is  in  like  man- 
ner pressed  by  the  seven  corres- 
ponding forces  not  shown ;  and 
these  two  sets  of  equal  op- 
posing forces  produce  a  strain 
equal  to  one  of  them ;  or  to 
21  tons,  uniform  throt^hout  the 
entire  chord.  The  tie  /  a  car- 
ries to  a  so  much  of  tbe  weight 
of  the  4  tons  at  b  a^is  rep- 
resented by  I  o,  or  3.5  tons; 
k  a  carries  to  a  a  toright  equal 
to  k  o„  or  3  tons ;  J  a  carries  j  o,j, 
=  2.5  tons ;  t  a  carries  i  o,„  =  2 
tons;  wo,  ic 0  =  1.5;  xa^xo  — 
1 ;  and  y  a^  y  o  =  .b  ton.  All 
these  amount  to  14  tons ;  which, 
with  the  2  tons  of  half  panel- 
load  at  a,  give  16  tons ;  or  half 
the  entire  weight  (32  Ions)  of 
the  truss  and  its  load.  This  is  a 
proof  that  the  strains  have  been  drawn  and  measured  correctly.  The  other  half 
weight  of  truss  and  load  is  carried  in  the  same  way  to  the  other  end  p,  by  means  of 
the  ties  yp,  gp,  Ip,  Ac.    These  wts  cause  the  following  strains : 

*  Invented  by  Mr.  Wendel  Rollman,  C.  R. 
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The  strain  1  u  =>  3.01  tons. 

♦^  Jm  =  4.52    " 

"  iu=  4.47    " 
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The  strain  I  g  »  1.82  tuns. 

"  jg  =  i.Ob    " 

»^=4.47    " 


Each  post  or  vert  is  of  course  strained  to  the  amount  of  a  full  panel-load,  when 
the  whole  wt  is  supposed  to  be  on  top  of  the  truss. 

Ill  tlie  BollniHn,  for  a  movlnir  load,  having  first  pre- 

pared the  working  diagram,  determine  the  max  weight  that  can  come  upon  a  post. 
This  will  be  the  same  for  each  post.  If  the  moving  load  is  on  top  of  the  truss,  this 
load  on  each  jwst  will  consist  of  the  greatest  wt  of  engine  that  can  stand  upon  one 
panel-length  of  truss;  together  with  (approximately  enough  for  practice)  one  panel- 
length  of  floor;  aud  the  Imlf  of  a  panel-length  of  truss.  If  the  IoIemI  is  at  the  bottom 
of  the  truss,  the  posts  bear  no  part  of  either  the  moving  load,  or  of  the  floor;  but 
each  of  them  will  be  strained  to  the  amount  of  the  wt  of  half  a  panel  of  truss. 

The  loads  on  the  posts  may  then  be  written  upon  the  diagram. 

The  obliques  or  ties,  however,  when  the  load  is  at  the  bottom,  bear  (as  in  the 
Fiuk)  the  snme  amount  of  strain  from  the  moving  load  and  floor,  as  when  it  is  on  top.  - 
Therefore,  when  it  is  at  the  bottom,  each  pair  of  ties  sustains  not  only  the  load  rest- 
ing on  the  post  which  they  uphold ;  but  the  wt  of  one  panel-length  of  floor,  and  the 
max  panel-weight  of  engine.  In  other  words^  wheUier  M«  load  he  &n  <np,  or  al  bottom^ 
the  two  ties  at  the  foot  of  each  post,  sustain  a  wt  equal  to  a  full  panel-length  of  truss 
and  floor;  together  with  the  max  panel-wt  of  engine.  Ha^ng  added  these  wts  to- 
gether, lay  ofl!"  their  sum  by  scale  at  each  post,  as  shown  at  /  v,  k  v,j  v,  i  r,  Fig  22 ;  com- 
plete I g  V  u,  k g  V  Uy  &c;  and  measure  the  strains  lu^lg^ku^kg^  Ac,  along  the  ties. 

The  strains  on  any  pair  of  ties,  may  also  be  calculated  thus;  having 
the  load  they  sustain. 

;     J  >•  f'^  ^»*'  from  post  to       length  of 

_    tooa  X  farthest  end  of  chord   ^  ghort  tie 

short  tie  ^f^^al  length  of  truss  length  of 

post. 

Innd  V  ^"^  *^^  from,  post  to       length  of 
Strain  on  ^   nearest  end  of  chord       long  tie 

if^ffii*    ""  "        iuai  length  of  truss  ■^  length  of 

post. 

Tlie  lior  strain  on  tlie  chord  will  be  uniform  throughout,  as  in  the  Fink 
truss ;  aud  will  depend  upon  the  max  uniform  load  that  can  cover  the  whole  bridge; 
and  nor,  as  in  the  case  of  the  ties,  upon  the  gi-eatest  load  which  each  pair  of  ties  may 
have  to  sustain  in  succession ;  unless  we  assume  our  max  uuifurm  load  to  be  a  string 
of  engines  which  may  bring  a  max  panel-wt  of  engine  upon  everg  pair  of  ties  at 
onee.  In  that  case  we  have  only  to  measure  upon  one-half  of  our  working  diagram, 
the  several  hor  lines  corresponding  to  u  o,  &c,  in  Fig  22;  and  their  sum  wUl  be  the 
reqd  hor  strain  on  the  chord.  3ut  if  we  take  our  max  uniform  load  on  the  whole 
truss,  to  be  a  string  of  cars^  we  must  diminish  the  chord-strain  thus  found,  in  this 
manner :  Add  together  a  full  panel-weight  of  truss,  floor,  and  cars ;  then,  as  the  full 
panel-wt  of  truss,  floor,  and  engine^  (which  we  beftMre  aasomed  as  the  straining  load 
of  each  pair  of  ties.)  is  to  the  panel-wt  of  truss,  floor,  and  cars,  just  found,  so  is  the 
hor  chord-strain  before  found,  to  the  one  reqd. 

We  will  repeat,  that  chords  must  be  strong  enough  to  bear  not  only  the  hor  pull 
or  push  to  wJiich  they  are  exposed ;  but  also  to  sustain  safely,  as  beamSy  the  trans- 
verse strains  from  the  floor,  aud  from  the  moving  load,  when  these  rest  upon  them 


Strain  on 
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Art.  18.  Before  attempting  to  find  the  straiiis  on  either  a  uniformly  loaded 
bnwctnog  or  a  ereMeab  troaa,  Wig*  33.  23  6,  2S  e,  by  Bicau  •(  a  diagram,  the  itadeat  ah*ald  teauUar- 
iM  himself  with  the  foUowing  remarks : 

Rbm.  1.  The  banis  of  the  entire  process  is  that  at  every  point  of  sup- 
port, beginniag  at  an  abut  as  tbe  first  one,  we  bave  aeting  one  or  more  Jbtown  foroes,  balanced  or 
held  io  eqoilibriom  bj  eltber  one  or  two  unknown  ones ;  and  the  ob{«ct  at  eaeh  pdnt  is  first,  bj 
means  oT  the  parallelogram  of  forces,  to  find  the  resultant  of  the  knows  ones ;  and  aeooiid,  bT  ^ 
same  principle,  to  resolre  this  resulunt  into  two  components  in  the  directions  of  the  ankDOvn  ones. 

This  is  all  that  is  required  in  either  the  howstrAniir  or  the 
ereseeut  trass.* 
R£M.  2.    While  more  than  two  nnknown  forces  exist  at  aoy 

point  of  support,  their  aniuuuts  CHuaot  be  found.  If  one  force  is  known, 
aud  two  anknown«  the  three  balancing  each  other,  draw  a  line  by  scale  to 
represent  tbe  amount  and  direction  of  the  known  one ;  and.  ooosidering  it  as  one  skle  of  a  triangle, 
frum  lu  two  endd  draw  lines  parallel  to  the  two  unknown  ones,  to  meet  eaeh  other,  thos  oompletiDf 
the  triangle.  Then  these  last  two  will  by  tbe  scale  give  the  two  nnknown  ones ;  because  when  three 
foroes  meeUas  at  one  point,  halaaoe  eaoh  other,  thrie  Ue«a  cq;>re*enting  theas  IwUt  ia  aiaonat  and 
in  direction,  will  form  a  triangle. t 

If  there  are  two  or  more  known  forces,  first  find  the  single  re- 
sultant of  them  all  aad.  taking  it  as  one  aide  of  the  triangle,  find  the  other  two  sidsi 
(that  is,  the  two  unknown  foroes)  as  before.  After  a  little  practice  the  stodeai  vUi  fiod  it  uanaew- 
sary  to  draw  more  than  half  the  sides  of  tbe  parallelogram  of  forces. 

RsM.  3.  The  bow  is  to  be  considered  straight  firons  npex  te 
apex.    If  actually  curved  it  will  be  much  weakened. 

Rbm.  4.  At  «ub  point  of  suppert,  or  apex,  consider  every  member  that  meets  there,  to  be  a  fbros 
either  pnshinir  towards  said  point,  if  along  a  stmt;  or  pnlliniir  ft^^" 

it,  if  along  H  tie.  Til  is  is  shown  by  tbe  arrows  in  Figs  23,  ^  a,  Ac;  thus  in 
Fig  23,  at  o,  the  forces  along  the  struts  co^  go,  and  ao^  ptuk  tovoard*  o;  qo  also 

fushes  towards  q  ;  while  the  force  along  the  tie  ropuUt/rom  o,  as  also  from  r.  All 
oads  on  the  bow  are  forces  pushing  Tert  downwards. 
Rem.  5.    If  I  lie  known  forces  are  not  all  alike  at  any  point,  (that 

Is,  neitber  all  pulls  nor  all  pusbex.)  tben  while  constrncting  tbe  parallelograms  of  foroes,  one  or  more 
of  tbe  forces  most  be  cbangiBd,  aud  be  regarded  as  acting  at  tbe  opposite  side  of  said  point,  but  in  tbe 
same  direction  as  before :  so  as  to  make  them  all  alike ;  otherwise  tbe  paralMogram  will  Bot»give  tbs 
correct  resultant.  For  instance,  in  Fig  tf  «,  we  have  (as  will  be  sceo  hereafter) 

three  known  furoes  aciiug  at  e,  namely  s  c  pushing  towards  o:  a  load  (not  shown)  on  the  bow  at  e. 
pusbiiig  vert  do wu wards  towards  e;  aadpe  pulling  from  e.  In  this  ease  we  must,  while  drawing 
tbe  Bides  of  the  parallelograms,  either  consider  the  pull  j»  e  to  be  changed  to  a  pnsh  in  the  direction 


*The  same  process  applies  eqnally  Io  all  our  fiiys  from  10 
to  16  also  ;  whether  nnift>i-mty  loaded  on  one  chord  or  on  both ;  hIso  to  the  in- 
verted bowstring,  and  to  Pig  23d.  lu  this  last,  as  in  tbe  others,  tbe  lower  member  (an  w)  is  a  tie 
which  prevenU  the  truss  from  spreading,  and  thus  causes  it  to  exert  onlv  vert  pres  against  the  abat*. 
This  is  a  didtiuctive  chaittcter  of  all  so-called  trnss  ffirderH,  including  all  our 
flgs  back  to  Fig  5.  But  when  nnn  is  converted  into  an  arch  for  sustaininfT 
compression,  it  ceases  to  be  a  tie.  aud  the  truss  then  exerts  hor  as  well  as  Tert 
force  against  the  abuts;  and  becomes  what  is  called  a  braced  arch.  The  pro- 
cess requires  a  slight  modification  before  it  can  be  need  for  such,  as  shown  in  Art  M.  Al- 
though strictly  s|>eaking  the  process  does  not  apply  to  the  Fink  truss.  Pigs  19,  SO,  21,  baeanse  we 
there  encounter  tikrse  unknown  foroes  at  any  point  where  three  web  members  as  e«,  etc,  e^,  Fi(  ^' 
meet  at  a  rafter  as  at  e,  still  as  we  can  readily  determine  tbe  strain  on  one  of  these,  e«,  by  means  of 
tbe  entire  vert  strain  at  such  point,  (which  strain  can  be  fonnd  in  a  Fink  truss  by  a  mere  mental 
caleutation)  we  thus  reduce  the  unknown  forces  to  two,  and  therefore  may  employ  the  process  even 
for  such  trusses.    Tbe  student  would  do  well  to  test  Figs  10  to  10  by  this  process. 

t  Any  one  of  the  three  forces  is  then  the  anti-resnltant,  or  bal- 
^.        ancer,  or  opposer,  of  the  other  two ;  and  if  three  arrow*hes<d» 

>^\  showing  their  directions  be  added  to  tbe  sides  of  tbe  triangle  as  In  this  Pig.  thej  *<>!. 
^  \  as  it  were,  chawe  eaeh  other  around  the  triangle ;  that  is,  the  bend 
^  of  any  one  of  thorn  wlH  touch  tbe  butt  end  of  the  one  next  to  It :  or  no  two  arrow4Me4* 


9  two  arrowOMt'* 
three  sides  ot  a  triangle 

^ ,   _.  _^ _.^_.  in  affect  ?   fnr  thA  tti*tvkMr. 

sultaut  wiu  then  mtwt  that  of  one  of  tbe  other  forces. 


Will  meHt.    But  this  Is  not  so  when  three  sides  of  a  triangle  represent  two 
forcwtn  I  id  their  resultant,  or  equivalent  in  eflTect;  for  tbe  arruw-he«id  of  the  rt* 
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hmnltowM^e;  Mrtk«otli«rtwotob*alMlkirly«hused«ep«Ua.  Tke  first  of  ooorMl*  the  eaotar. 
AooordiDg  aa  tbe  kaown  foroes  (after  one  or  more  are  so  obaoged,  if  neoessary)  are  pulls  or  poabes, 
tke  diagonal  or  resultant  will  be  the  same. 

K£M.  6.  To  decide  whether  an  nnknown  foree  Is  a  pall  or 
a  posh  t  that  is  whether  the  member  along  which  said  force  acts  is  a  tie  or  a 
strut.  Having  found  tbe  resultant  of  tbe  known  forces,  add  to  it  an  arrow-head  to  show  Its  diree- 
tk>n.  Then  having  on  this  resultant  completed  tbe  triangle  by  means  of  the  two  nnknown  foroes, 
add  arrow-heads  to  them  also,  plaoing  tbeoi  so  that  the  three  arrows  nball  chase  eaoh  other  around 
the  triangle.  Then  imagine  eaoh  arrow  of  tbe  unknown  forces  to  be  placed  one  at  a  time  without 
ob&oging  its  direction,  upon  the  liue  representing  its  respective  web  member.  If,  in  this  position, 
the  arrow  ptuket  toward  tbe  given  apex,  tbe  member  is  a  $tnU.  If  the  arrow  ptUU  atoagfi-om  the 
upex,  the  menit>er  iii  a  tie. 

When  there  Is  bnt  one  nnhnown  foree,  and  it  is  found  to  form  a 

straight  line  with  the  resulunt  of  the  known  ones,  then  its  arrow  must  point  in  the  opposite  direc- 
tiou  from  that  of  the  resultant.  We  majr  add  that  of  tbe  two  nnknown  forces  at  anj  apex,  one  is  al- 
ways along  either  the  bow  or  tbe  string ;.  and  must  plainly  be  a  strut  in  the  first  case,  and  a  tie  in  the 
last  one.  For  Ihe  present  we  will  call  it  the  obord'force.  Tbe  other  unknown  foroe  will  be  along  a 
web  member.  Now  it  can  always  be  seen  at  onee  that  the  resultant  and  the  ehord-foroe  together  trad 
to  displace  the  apex  at  which  they  act,  bv  moving  it  either  outwards  or  inwards,  from  or  towards  tbe 
truss ;  and  if  we  simply  consider  that  it  Is  the  duty  of  the  wel>-meBber  to  connteraot  this  displacing 
tendency,  we  shall  have  uo  trouble  in  deciding  whether  it  most  flor  that  purpose  poll  or  posh  at  the 
apex,  or  in  other  words  be  a  tie  or  a  strut. 

Rkm.  7.  After  having  found  the  resniuntof  the  kaown  foroes,  said  known  foroes  themselres  mut 
be  cnnnidered  as  no  longer  existing. 

Rem.  &r  To  find  Ihe  strains  correctly  requires  irreat  care  and 

attention.  Plain  as  the  foregoing  remarks  are,  the  student  will  in  his  first  attempu  probably  com- 
mit  many  errors.    A  little  practice  however  will  rectify  this. 

A  ifood  nielallic  parallel  rnler  on  rollers,  and  about  18  inches  long, 
is  almost  indispensable.  Paper  ruled  in  squares  facilitates  the  work.  The  lead-pencil  most  be  kept 
sharp,  and  tbe  lines  should  be  drawn  lightly.  A  scale  of  from  ^  to  ^  of  an  inch  to  a  foot  or  ton  will 
generally  be  found  conYenient  It  will  be  diflicult  to  find  all  tbe 
strains  to  within  the  nearest  .1  or  .2  of  a  ton,  or  even  more;  be- 
cause, as  the  work  progresses  errors  which  are  inappreciable  at  the  start  may  insensibly  enlarge 
themselves.  It  will  be  seen  from  our  uble  of  bowstringnof  80  ft  span,  p  SBt,  that  the  straina  on  some 
or  the  web  members  are  less  than  .1  of  a  ton  ;  so  that  the  diagram  may  even  with  great  care  mislead 
ns  to  the  extent  of  100  per  cent,  or  more,  in  these  small  strains.  Fortunately  this  Is  a  matter  of  little 
importance,  for  these  members  are  so  small  that  a  liberal  allowanoe  for  errors  involves  but  a  trifling 
waste  of  material.  In  the  larger  strains  errors  of  .1  or  .2  of  a  ton  areof  no  consequenoe.  Never  eon- 
sider  the  work  of  a  disgram  complete,  however,  until  after  testing  it  by  some«f  the  proofs  in  Art  19. 

Art.  19.  Example.  We  will  now  apply  the  foreicoiny  re- 
marks to  the  bowstrlnir  truss,  Fl|r  28.    Its  span  is  80  ft ;  its  rise  10 

ft  The  bow  is  divided  into  8  equal  paru ;  sad  the  lower  apices  are  horiBontally  half-way  between 
the  upper  ones.  The  trusses  are  assumed  to  be  7  ft  apart  from  center  to  center.  The  toul  wtof  the 
truss  and  iu  load  Is  supposed  to  be  equally  dislribuled  along  the  bow  only,  and  to  amownt  to  10.4 
tons,  which  corresponds  to  40  lbs  per  square  ft  of  roof  covering.  This  gives  I.S  tons  for  a  foil  panel 
load :  and  half  as  much,  or  .65  of  a  ton  resting  directly  (or  without  passing  along  the  web  members) 
en  each  abut ;  and  the  finding  of  these,  and  figoring  them  on  the  diagram  as  shown,  eonstitntc  onr 
*•  first  prooess,"  Art  ll.» 

This  done,  draw  at  the  abut  a  a  vert  line  av  eqnal  by  scale  to  half  the  eBtive  wt  of  the  truss  and 
load,  minus  the  part  panel  load  which  rests  directly  upon  one  abut ;  or  to  5.2  —  .6i=:4.55  tons.  This 
line  represenu  the  vert  upward  reaction  of  the  abut  against  that  portion  of  the  wt  of  the  half  tmss 
and  load  that  causes  the  strains  which  we  are  about  to  seek.t  This  reacting  force,  which  is  a  known 
one,  balances  the  two  unknown  forces,  ae  along  the  bow,  and  ap  along  the  string.  To  find  these  we 
have  only  (Bem  2)  to  consider  a  v  as  one  side  of  a  triangle,  and  from  its  two  ends  to  draw  two  meet- 
ing lines  an  and  vn  parallel  to,  or  in  the  same  directions  as,  tbe  unknown  foroes.  Then  will «« 
give  by  the  same  scale  9JK  tons  strain  along  the  bor  string;  and  an  10.98  tons,  along  tbe  bow.  Tbe 
arrow  on  anptuhee  toward  a.  Hence  ae  is  a  ttrut  (Rem  8j.  But  the  arrow  on  vt»,  if  placed  on 
OP,  puUt  away  from  a.    Hence  ap  is  a  tie4 

Now  let  us  go  to  tbe  apex  p.  There  we  find  that  ve  have  one  known  foroe,  Ctbe  9.9i  ton*  along 
ap)  balancing  three  unknown  ones,  namely  pq^pc,  and  p  e.  Hence  (Rem  2)  ve 
cannot  now  find  ^ese  last ;  therefore  we  leave  them  for  the  present,  and  tr;  at  the 
apex  e.     Here  we  have  two  known  forces,  namelr  the  10.93  torn 

pushing  along  a  e,  and  the  1.8  {ont  of  load  which  of  coarse  push  vert  downw^u^.  Both  theae  being 
pushes,  neitlier  of  them  rehires  to  be  reveraed  ;  and  they  balance  two  unknowu 


forces,  namely  ee  along  the  bow ;  and  ep  along  tbe  oblfaue.  Hence  we  have  only  to  draw  /a  (ttt 
Fig  W)  to  represent  a  e ;  and  xe  to  represent  the  1.3  ton  load,  and  completing  the  parallelogram  /« 
Kd.  draw  its  disgoual  <ie,  which  is  the  resultant  of/e  and  xe  ;  or  it  alone  would  balance  the  two 


unknown  forces.    By  measuring  deby  scale  it  becomes  a  known  force.    Therefore  taking  it  as  one 
side  of  a  triangle,  from  its  two  ends  draw  d  $  parallel  to  the  bow  e  e,  and  e«  parallel  to  the  oUiqae 

•  Remember  that  in  a  truss  of  any  form  it  is  only  when  the  stretobes  along  whioh  a  load  is  ■•!• 
formly  distrlbnted  are  eqnal.  that  the  panel  loads  are  also  equal ;  or  that  the  portion  which  rests  lU- 
rectlif  en  an  abut  is  just  Aoi/a  panel  load. 

tRach  abnt  of  cousse  reacts  vert  upwards  against  the  entire  half  wt  of  the  truss  and  Its  load:  bat 
inasmuch  as  that  portion  of  said  wt  which  rests  direetlii  on  an  abut,  does  not  reach  tbe  abut  by  way 
of  the  web  members,  and  therefore  has  nothing  to  do  with  their  strains,  it  is  omitted  tmn  the  press- 
ure set  up  at  the  abut  for  ascertaining  said  strains. 

I  When,  as  in  Fig  5H>  P  ^8,  the  load  is  uniformly  distributed  along  the  rafter,  and  the  latter  is 
supported  only  at  its  ends,  it  will  not  do  to  assume  that  the  load  is  concentrated  at  said  ends.  Such 
a  rafter  presses,  at  its  foot,  in  the  direction  H  a.  and  not  in  the  direction  of  its  length  o  a.  There- 
fore, if  a  X  in  that  Fig  be  drawn  to  repre^^ent  the  upward  reaction  of  the  abut,  we  must  draw  the  tri- 
"lisle  a  H  X  (not  a  ox);  and  H  x  (not  o  x)  gives  the  pull  on  the  tie  beam.  But  in  such  simple  tnusei 
the  strains  are  more  readily  feund  by  the  method  given  in  counection  with  Pig<  b,  iH  and  6. 
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«»,  tbM  waiplvans  the  trUatf •  4«  «.  Then  «I«  givM  by  scale  the  strftia  10.56  along  « c  t  »Bd  e  « 
ffivea  .14  of  a  toa  along  ep.* 

Now  going  again  to  the  apexp,  we  flud  that  we  have  two  known  foroea  pa,pt,  both  pnlU,  balane- 
ing  two  unknown  foroea  pq,pc.  Therefore  hb  at  Fig  T.  take  pf  and  ptto  represent  the  two  known 
forces ;  ooutplete  the  panllelogram  /p»d;  draw  its  diagonal  p  d ;  and  taking  it  an  one  side  of  a  tri- 
angle, draw  d o  parallel  to^  g,  andpo  parallel  tope.    Then  is  <io  br  scale  10.01  tons  strain  along 

pq;  aadj>o  is  .lu  of  a  ton  aloug  pc.    Uuing  to  c,  we  have  three  known 

foreefl^  ce,  cp,  and  the  1.3  ton  panel  load,  all  of  them  pushes,  so  that  none  of 
them  need  be  reversed;  and  balancing  co,  09,  both  unknown.  In  this  case,  as  shown  at  Fig  V,  we 
must  draw  two  parallelograms,  beginning  with  anjr  two  of  the  known  forces.  Saj 

we  begin  with  ex  representing  the  1.3  ton  load,  and  ce,  representing  the  10.56  tons.  On  these  two 
draw  (he  parallelograia  cetx,  and  iu  diagonal  et.  Then  draw  ca  to  represent  the  third  known  force 
ep  of  .10  of  a  ton ;  and  on  it  and  (he  diagonal  c I  draw  the  second  parallelogram  ctta,  and  its  di- 
agonal cs.  This  last  diagonal  is  the  resultant  or  single  foroe  which  would  balance  the  two  unknown 
forces  00,  e a;  therefore  take  it  as  one  side  of  a  triangle,  and  from  its  two  eudii  draw  two  meeting 
lines  paimllM  to  said  unknown  forces,  and  measure  them  by  scale  to  obtain  the  amounts  of  those 
forees.  On  account  of  the  smallness  of  our  scale  we  have  not  shown  these  two  lines.  In  practice,  in 
order  to  prevent  confusion,  it  is  well  to  rub  out  the  sides  of  the  parallelogram  after  having  found  the 
first  diagonal.    In  this  manner  proceed  until  the  final  strains  on  o»,  »r,  and  r  t  complete  the  whole. 

If  the  entire  aniform  wt  of  trnsM  and  lond  is  assnmed  te 
he  on  the  string  or  lower  chord,  as  in  Fig  23  a,  then  all  the  weh  mem- 
bers become  ties ;  bat  the  process  remains  unchanged.  Therefore  first  distribute  the  entire  wt 
among  the  lower  apices  and  abnu  by  our  "  flru  procats."  Then,  as  in  Fig  88,  draw  the  vert  line  a  v 
(  =  half  the  entire  wt,  minus  what  rests  directly  on  one  abut)  and  from  it  find  the  strains  on  ae  and 
ap.  Then  going  to  e  we  have  one  known  force  ae  balancing  the  two  unknown  ones  ee  and  ep. 
After  finding  tbMO  go  top.  Here  we  have  three  known  forces, pe,pa,  and  the  panel  load ;  the  first 
two  of  which  are  palls,  white  the  third  (resting  un  top  of  the  string)  is  a  push  vert  downwards. 
Therefore  we  will  reverse  this  last,  and  consider  it  as  being  a  vert  pull  p  <:  and  draw  the  first  par* 
aUelogram  on  j>  i  and  p  a.  After  finding  the  resultant  of  the  three  pulls,  and  by  it  the  two  foroeH  p  q, 
l>c,  we  go  to  c.  Here  of  the  tVo  known  forces,  «e,  being  a  pudh ;  and  pea  pull,  we  mast  reverse 
one  of  them,  say  p  e ;  representing  it  by  an  arrow  I  e ;  and  complete  the  parallelogram  on  le  and  c  s. 

We  have  now  had  an  instance  of  all  the  cases  that  occur,  and  have  shown  how  to  manage  them. 

JProofii  of  iMsenrHcy  of  the  work.    The  retvltant  of  the  stmiiM  on 

thoee  members  (o  «  and  r  s),  Fig  *23,  of  the  half  truss  that  meet  at  the  center  «,  of  the  bow,  and  of  ktUf 
the  panel  load,  s,  at  the  oenter,  should  oome  out  to  be  a  hor  line,  and  equal  to  the  hor  strain  aloug 
the  center  stretch,  r  (,  of  the  string.  With  all  the  care,  however,  that  can  be  taken,  it  will  be  very 
diflOcuIt  to  make  the  eoinciilenoe  exact.  In  some  trusses  the  half  truss  will  have  three  members 
BMCting  at  the  center  of  the  bow ;  one  of  t*iera  (a  center  vert  one)  belonging  partly  to  eaeh  half  of 
the 'truss.  Then  only  Ao^the  strain  on  this  one,  as  well  as  half  the  center  panel  load,  is  to  be  used 
in  the  proof.     All  this  applies  to  anv  form  of  truss  however  loaded. 

Aipain,  if  all  tlie  uniform  wt  of  tlie  trass  and  its  load  is  as- 
gained  to  be  on  the  ?ior  string,  and  if  the  string:  is  divided  into  equal, 

or  nearly  equal,  parts  by  the  web  members,  the  hor  strain  at  the  center 
should  be  equal,  or  about  equal,  to 

Wt  of  half  trnss  and  lead  X  -25  of  the  span 
Depth  of  truss. 
Bnt  with  very  unequal  divisions  of  the  string,  such  as  will  rarely  occur,  this  formula  is  not  even 
roughly  approx. 

With  ail  the  wt  uniformly  on  the  bow,  unequal  divisions  of  the 
string  have  no  efliect  on  the  oenter  hor  atrain :  and  if  the  rise  dees  not  exceed  about  one  tenth  to  one 
eighth  of  the  span,  and  the  Ik>w  is  about  evenly  divided,  the  above  formula  will  be  nearly  as  approx 
•a  when  the  l<Mid  is  en  the  string.  For  greater  rises,  however,  multiply  the  span  by  the  following 
multipliers  <.inatead  of  by  the  .25  of  the  above  formnhi),  when  the  load  is  on  the  bow ;  and  the  half  bow 
about  equally  divided  into  at  least  two  parts. 

Rise,  in  Farta  of  the  Span.  (Original.; 

.lorleM      I      .15      I       .8       I      .35      1       .3       |       .S33       |      -35      |       .4       |      .45      |       .5 

If  ultlplien. 
.346        I     .243     I      .239     |      .233     |      .226     j        .222       j      .219     |      .211     |      .202     |     .192 


Bbm.  The  multipliers  for  intermediate  rises  may  be  taken  in  simple  proportion.  When  niuUiplied 
by  the  span  they  give  the  hor  dist  from  the  abut  to  the  center  of  gravity  of  one  half  the  loaded 
bow,  (as  the  .25  of  the  formnla  gives  that  of  one  half  the  loaded  string,)  assuming  the  load  to  be 
concentrated  at  the  points  of  support  on  the  abut  and  at  the  apices.  It  is  this 
center  of  gravity  of  half  load  so  coueentrated  that  must  be 
used  f<MP  findinv  the  strains  in  the  truss,  and  not  that  of  half  loHd  as 
•etaally  erenly  distributed;  for  these  two  centers  of  gravity  under  these  two  aspecu  may  differ 
greatly  from  each  other,  not  only  in  the  evenly  loaded  Imw,  but  in  the  string,  if  divided  into  very  un- 
equal parts  by  the  web  members.  Kven  the  numher  of  divisions  of  the  loaded  bow  makes  some  dif- 
ference in  this  respect,  but  not  so  great  but  that  the  multipliers  in  the  above  table  will  be  correct  to 
within  about  three  per  ct  at  most  in  any  case  in  which  the  entire  bow  has  at  least  four  nearly  equal 
divisions.  

•  It  is  usual,  and  far  more  convenient,  to  draw  all  euch  lines  at  the  anioee  of  the  diagram  iteelf."  bnt 
OQ  aooonnt  of  the  smallness  of  the  scale  of  Figs  28,  and  23  a,  we  have  drawn  them  at  W.  ^*n;*.^  «» 
prevent  wmfttidon.  Also  our  lines  are  not  drawn  to  scale  because  seme  of  the  feroee  are  too  smaU 
to  be  appreciable  with  so  small  a  scale. 
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TRUSSES. 


If  botb  the  bow  and  the  string-  are  nnifbrmly  loaded,  it  is 

plain  that  the  muliiplier  for  uij  giTen  riae  moat  be  twme where  between  ibe  .a  of  t'     ' 


r  the  ronuala,  and 


tbr  deoiniml  for  that  t'ise  in  our  table;  and  tbls  famishes  an  easy  method  of  finding,  approz  enough 
for  practice,  the  hor  dist  from  the  abut  to  the  eeo  of  grav  of  a  half  tr«ss  tbns  loaded.  Thas  after 
allotting  to  the  bow  and  string  their  respective  proportions  of  the  entire  wt  of  the  tmaa  and  load, 
find  the  hor  dist  for  each  of  the  two  separately  ;  and  then  eombioe  them. 

Table  of  approximate  strains  In  tons  on  BowstrinKr  tmsses 

of  80  ft  span,  'rrasses  7  ft  apart  from  center  to  center.  Load  (inclnding  wt  of  trasses)  40  lbs  per 
square  rt  of  roof  coTering ;  all  assamed  to  be  uniformlj  distnbated  on  the  bow.  Bow  divided  into  8 
equal  parts ;  like  Fig  23 ;  aud  straight  f^m  apex  to  apex.  Lower  apices  half-way  hor  between  the 
upper  ones.  Each  eolomo  of  the  table  commences  near  an  abut,  or  end  of  trass.  The  first  or  end 
web  member  in  the  colamos  is  a  tie,  the  next  one  a  stmt,  and  so  on  alternately  towards  Uie  eeatn-, 
as  in  Pig  23.    Below  the  taUe  is  given  the  wt  of  each  entire  truss  and  iu  load. 


Bise  20  ft,  or  Ji  Span.  ] 

Rise  13H  ft,  or  %  Span. 

Rise  10  fl,  or  H  Span. 

Rise  8  fl,  or -^  Span. 

Bow. 

To, 

Wra. 

Bow. 

TtB. 

Wn. 

Bow. 

1^ 

Wmb, 

Bow. 

Ti«. 

Wn. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons.. 

Tons. 

7.01 

4.85 

OM 

8.80 

7.60 

0.M 

10.9 

9.94 

0.14 

13.8 

12.5 

O.0T 

6.02 

5.18 

0.35 

8.30 

7  72 

0.18 

10.6 

10.01 

0.10 

18.0 

12.6 

0.05 

5.56 

5.34 

0.35 

8.03 

7.78 

0.15 

10.4 

10.16 

0.07 

12.8 

12.7 

0.07 

bM 

6.38 

0.25 
0.10 
0.10 

7.90 

7.88 

0.15 
0.10 
0.10 

10.8 

10.22 

0.07 
0.05 
0.04 

12.7 

12.7 

0.07 
0.03 
0.03 

Total  wt  =  11.6  tons,  i 

Total  wl=  10.75  tons- 

Total  wt  =  10.375  tons. 

ToUl  wt=10.tf  tons. 

Art.  20.    Tbe  braced  areta.  Fig  23  W.    Find  the  osnfcer  of  graTitjr  of 

m  w  I  n 


either  half,  as  o  n  c,  of  the  truss  and  its  load.    Then 

Weight  of  said  half    v^  Hor  dist  of  said  cen  of  grav  _'^- 

truss  and  load,  in  tons  ^        from  the  nearest  abut       ^     "<*'"  pres  at  the 

-.    ^  .,\ r ;-— — .—  =■  cen  o  of  the  tmss. 

Yert  dist  c  s  from  abut  c  to  cen  o  of  truss 


Having  thus  found  the  hor  strain  A  e  at  the  center,  and  knowing  the  wt  v  e  of  the  half  tnws  and 
load  minas  the  part  panel-load  that  rcRts  directly  on  tbe  abut,  draw  them  as  shown,  and  find  theii 
resultant  r  e.  Then  use  this  resultant  precisely  as  the'  vert  Hue  a  «.  Pigs  23  and  2Sa,  is  used : 
namely,  by  drawing  from  Its  ends  two  lines  for  fiading  the  first  two  anknown  forces;  then  proceed 
precisely  as  in  those  figs. 

Proof  of  aeeuracT  of  the  woric.  If  all  has  been  done  correctly,  the 
last  resultant  near  the  center  or  the  tmss  will  be  in  a  str^ght  line  with  the  last  member;  the  strain 
along  which  it  represents.  Also,  the  resultant  of  those  members  of  the  half  truss  which  meet  at  tbe 
center  of  the  trass,  and  of  A«</the  center  panel  load,  should  come  out  a  hor  line  equal  to  the  calcu- 
lated hor  strtf  n.  Bat  ns  in  the  bowstring,  ke..  it  Is  almost  impossible  to  secure  a  perfect  agreement. 
It  would  be  well  to  test  the  strains  near  tbe  center,  especially  the  very  >aiall  ones,  by  the  principis 
indicated  by  the  following  remark. 

Rem.  It  is  not  nee<MMiary  to  begrin  at  an  abnt  In  order  to 
woric  out  tbe  strains;  for  after  having  disposed  the  load  properly  among 
the  apices,  and  calculated  the  hor  strain  at  the  center  of  a  truss,  we  may  employ  said  strain,  aud  on4 
half  of  the  panel  iond  at  the  center,  as  two  known  forces  acting  affalnst  the  half  truss  at  the  center; 
find  their  resultant ;  and  resolve  it  along  the  two  members  of  said  half  truss  that  meet  there ;  and 
thus  work  on  down  to  an  abut.    The  line  representing  the  hor  strain  must  evidently  be  drawn  as  If 

}»uh%ng  agat%uft  tlie  half  tmss  whose  strains  are  sought.  This  remaric  ap- 
I?  ^^w**'*^  •^  bowstrinjir  trnsaes,  and  others,  as  Figs  10  and  11,  Ac., 

■LI.  !*.«*♦-  ^^w*''**'-"'"**  known  forees  acting  against  our  half  truss  at  the  center:  and  not 
b#Vhnr^.V;^i^"  ,  ^  '""*?  *>'  ""'"  *»*'^  **'«'•■  roaeUng  there  also.  In  an  actual  bridge  there  would 
heiDiuyto  LT.n^r.'^J}  ""S^?"?!"*  the  flo..ring.  and  a  abort  vert  one  extending  upward  from  o,  an<| 
neipiug  to  support  w  I.    But  these  do  not  form  part  of  toe  truss  proper. 
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CAHtiler^nk  Sappove  the  bftlf  o,  n,  e,  of  the  braced  areh.  Fig  28  W,  to  be  a 
tniRMd  otuitUcver,  vHh  n  and  e  irmly  built  into,  or  atUebed  to  a  wall ;  aod  loaded  either  aloog  the 
top  o  n.  oT  oUierwise.  Then  to  calculate  tbe  stralDS,  begin  with  only  tbe  load  conoentrated  at  the 
outer  eud  or  apex  o,  aa  a  glreo  known  force,  and  renolre  aaid  force  along o  I  and  « p;  and  so  on  to  n 
and  e,  taking  in  on  the  way  tl>e  loads  at  the  other  tH^icee  as  before.  Tbe  upper 
ekord  will  be  In  tension;  the  lower  in  compression.  A  revolving; 
irnss  clrawbrldye,  when  open,  assimilates  to  two  cantilevers  joined  ijack  to 
back. 

Art.     21.    This  fig  represents  an  O^ 

openedi  swinfp-brldgre  support-  ^^ 

edon  rollers  on  the  pier  j9,  and  by  tie* 
rods  aOyO i,  Ac.  ATI  the  wt  of  o e  is  up- 
held  by  a  o :  that  of  s  s  by  a  t,  Ac ;  and 
that  of  « I  directly  by  the  rollers.  Draw  <j[^  ^ 

o6  and  i  Xc  rertical  to  represent  the  wts  ^^mMm 
of  oe  and  f  s ;  and  draw  bm,  kn  hori- 
Bontal.    Then  will  o  m  and  t  n  giye  the 
strains  along  a  o  and  a  i.    Also  0  m  will  give  a  hor  compretslTe  strain  reaching  from 
0  to  c:  and  k h  one  reaching  from  i  to  & 
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Art.  92.  FIk  38,  sli^w*  the  ipeneral  Arrangrement  ofanniall 
wooden  Howe  brldfre-trutiB;  Fig  29,  some  of  its  details ;  and  Kig  30.  those 
of  an  iron  truss.  High  trusses  are  sometimes  made  as  in  Fig  J.  The  top  and  bottom 
chords  of  the  wooden  one  are 

each  made  up  of  three  or  more  j      ^         ^  '     ^        Jk     ^^^     J* 

parallel  timbers  ccc,  placed  a  "^        ^  ^     ^       _   ^     _   j 

small  dist  apart,  to  let  the  vert 
tie- rods  r  r  pass  between  them. 
The  main  braces,  o  o,  are  in  pairs 
or  in  threes.  The  pieces  com- 
posing them,  abnt  at  top  and  bot- 
tom, against  triangular  mingle 
blot'ks,  s;  which  if  of  hard 
wood,  are  solid ;  and  if  of  cast- 
iron,  hollow;  as  shown  at  T, 
Figs  30;  strengthened  by  inner  ribs. 
These  extend  entirely  across  the  three 
or  more  chord-pieces.  Against  their 
centers,  abut  also  the  counterbraces  «. 
These  are  single  pieces  in  small  bridges; 
or  in  pairs,  in  large  ones ;  and  pass  be- 
tween the  pieces  which  compose  a  main 
brace.  Where  the  wooden  braces  and 
counters  cross  each  other,  they  are 
bolted  together.  For  wooden  chords, 
the  angle-  blocks  are  cast,*  as  at  T.  The 
dotted  lines  show  the  strengthening 
ribs ;  and  x  serves  to  keep  the  block  in  place.  The  vert  tie-rods  r  r,  of  iron,  are  In 
pairs,  threes,  or  fours,  Ac,  according  to  size  of  bridge;  with  a  screw  and  n\it  at  each 
end.  The  heads  and  feet  of  the  braces  and  counters,  butt  square  against  the  angle- 
blocks  :  and  are  kept  in  place  only  by  the  tightening  of  the  screws  of  the  vert  ties. 
>\  hen  the  floor  is  below,  as  in  Fig  28,  the  end  posts  p  d ;  and  the  ends  g  i  and  «o  6,  of 
the  upper  chord,  may  be  omitted;  also  »  c  and  6  y ;  but  it  is  seldom  done. 


Iisf.29. 


In  Figs  30,  of  an  iron  Howe  truss,  the  top  chord  P,  M,  and  W,  is  cast  in  one  piece 
transversely,  as  at  P.  Its  separate  lengths  are  connected  together  by  flanges  and 
bolts,  somewhat  as  shown  at  W ;  where  a  a  are  cast  longitudinal  flanges  for  strength- 
ening the  transverse  bolting-flanges  g.  Instead  of  separate  angle-blocks  at  the  upper 
chord,  solid  ones  may  be  cast  in  the  same  piece  with  the  chord  itself,  as  shown  at  M. 
The  lower  chord  usually  consists,  as  in  other  iron  bridges,  of  four  or  more  flat  bars  of 
rolled  iron,  c.  placed  on  edge :  and  some  dist  apart,  as  at  K.  On  top  of  them  rest  the 
lower  angle-blocks  «,  which  have  shallow  channels  below,  for  receiving  the  chord 
pieces;  and  thus  securing  them  from  lateral  motion.  A  cast  washer,  a,  below  the 
chords,  is  provided  with  similar  channels  on  top,  for  the  same  purpose.    The  braces 

^  I»  larice  spans*  to  prevent  the  pressure  of  the  headn  and  Teet  or  the  nbliquer*  from  crusbiDg 
the  chorda,  the  angle-blocks  are  cant  with  deep  projecting  flanges  under  their  bases ;  and  which,  past- 
int;  between  the  pieces  which  compose  a  chord,  extend  to  the  opposite  face  of  the  chord.  There  tkt 
»  ?*■  '**"*"  "P*"  hroad  washers  at  the  ends  of  the  rert  rods.  R?  this  means  the  rert  compoants 
h  ^^  "tinins  along  the  obliques  are  trausrerred  directly  to  the  Verts,  without  at  all  affeeUogtbe 
-4ords.    Angle  blocks  of  cour^ie  bare  oiieuinga  for  the  passage  of  the  vert  rods. 
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and  counters,  o,  e,  in  moderate  spans  are  nsually  cast  in  a  star-shape,  as  at  j.*  The 
following  table  gives  dimensions  sufficient  for  a  strong  Howe  bridge :  although  in 
wooden  bridges  it  is  customary  to  add  arches  when  the  span  exceeds  about  150  feet 
Dimensions  for  eaeb  of  two  trasses  of  a  Howe  brlds^e  for  a 
singrle-traek  railway*  Timber  not  to  be  strained  more  than  800n>8  per  sq 
inch ;  nor  iron  more  than  5  tons  per  sq  inch.  Iron  supposed  to  be  of  rather  superior 
quality,  requiring  from  25  to  27  tons  (60480  fi)8)  per  sq  inch  to  break  it.  The  rods 
to  be  upset  at  their  screw-ends.  To  each  of  the  two  sides  of  each  lower  chord  is  sup- 
posed to  be  added,  and  firmly  connected,  a  piece  at  least  half  as  thick  as  one  of  the 
chord-pieces ;  and  as  loftg  as  three  panels ;  at  the  center  oi  the  span. 
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The  same  dimensions  will  serve  for  a  dottbU  road  for  common  travel. 
For  bridges  of  iron,  assuming  the  safe  strain  for  iron  to  be  6  tons  per  sq  inch,  or 
14  times  as  great  as  the  800  lbs  assumed  for  wood;  the  areas  of  the  cross-sections 
of  the  individual  members  will  as  a  general  rode  approximation,  be  about  one- 
fonrteeuth  part  as  great  as  those  of  wooden  ones.  Eaaally  stronir  woo^ten, 
and  iron  bridces  of  the  same  span,  will  not  differ  very  materially  in  weight. 

Art.  28.  Fig.  31, 
shows  in  like  manner, 
a  wooden  Pratt 
truss:  and  Fig  32,8oine 
details  of  a  small  iron 
one.*  After  the  forego- 
ing, they  do  not  need 
much  explanation.  Since 
the  angle-blocks  suf^rt 
tension  rods  instead  of 
struts,  they  are  placed 
above  the  top  chord,  and 
below  the  bottom  one. 
The  main  obliques  arc 
in  pairs :  and  the  smaller 
single  counters  pass  be- 
tween them,  as  in  the 
Howe.  In  large  bridges 
they  are  in  threes,  fours, 
&c.  The  vertical  posts, 
which,  when  of  iron,  are 
hoIlow,*are  retained  in 
their  positions  both  by 
the  strains  on  the 
obliqnes,  which  termi- 
nate above  and  below 
their  ends ;  and  by  being 
let  into  the  chords.  In 
large  spans,  the  details 
generally  vary  more  or 
less  from  those  in  the  Figs.  In  Fig  31,  c c c are  the  main  braces ;  and ooo  the  counters. 

•  Cast  Iron  1«  now  rarely  nsed  In  truiisee.  except  for  short  blook*  sustaining  compression,  snob  ae 
ifte-bloelis  etc.    Rolled  iron  and  rolled  steel  have  taken  ita  place. 
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When  the  roadway  is  below,  as  in  Fig  31,  the  ends,  rh,y  r^  of  the  npper  chord ;  the 
and  verticals  p  aud  n ;  and  the  two  tension  obliques  in  t«ch  end  panel,  may  bo  omit- 
ted ;  and  two  diagonal  struts  from  b  and  y  must  then  be  substituted,  exteiiding  to 
the  abutments,  lor  upholding  the  upper  chord.  Sui.  In  ibe  PrMt^t  the  chords 
may  be  of  the  same  dimensions  as  in  the  foregoing  table  for  Howe's.  The  posts  m»y 
have  about  -^th  less  area  than  the  main  braces  of  the  Howe.  The  main  brace  rods, 
and  others,  (of  the  same  number  as  the  main  brace  pieces  of  the  Howe,)  may  hay^ 
the  following  diams  in  ins ;  allowing  the  safe  strain  to  be  five  tons  per  sq  inch. 

For  eaelK  Tmss  of  m  Pratt  Brldg^e. 

Spans. 
25Ft.       I      50Ft.       I       73Ft.       I      lOOPt.      !      125FI.      j      ISOPt.      I      175Ft.      I      200Ft. 


End  Main-braoe  Bods. 
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In  Pratt's  truss  the  directions  of  the  main  braces  and  connters  are  respectively 
the  reverse  of  the  H«wo.  Many  of  the  remarks  in  the  preceding  Art,  apply  equally 
in  this.  Neither  the  Howe  nor  the  Pratt  poesesws  any  ipeeial  ftdvaatage  over  th« 
other  as  regards  ease  of  adjustment,  &c.  In  both  trusses,  arches  are  frequently  added 
in  wooden  railroad  bridges  wh^i  the  span  exceeds  about  150  ft. 

Art.  24.  Town's  lattice  truss.  Fig 33,  as  originally  introdnced,  andTery 
extensively  employed,  wsis  of  extremely  simple  construction;  being  composed  en- 
tirely of  planks  from  2  to  Sins 
thick ;  and  from  9  to  12  wide ;  de- 
pending on  the  span.  Two  sets 
of  these  were  placed  crossing 
each  other  at  angles  of  about 
90°;  and  were  connected  to- 
gether at  their  intersections  by 
either  2  or  4  treenails  of  locust, 
or  other  hard  wood,  about  2 
ins  diam.  At  the  top  and  bot- 
tom, similar  planks,  a  a^  c  c, 
were  treenailed  hor,  to  form  the 
chords ;  or  in  largje  spans,  (many 
exceeded  150  ft,)  there  were  two 
upper  and  two  lower  chords,  (sometimes  of  timber  6  ins  thick,)  as  shown  in  tlie  fig, 
by  n  n,  n  o.  ITie  transverse  section  A  shows  the  two  npper  chords  on  a  lai^r  scale: 
each  chord  consisting  of  two  planks ;  one  on  each  side  of  the  lattices.  Two  trusses 
of  this  kind,  with  a  depth  equal  to  3^  or  ^  of  any  clear  «(»a  not  exceeding  aboat  175 
ft ;  planks  of  3  X 12  white  pine ;  the  open  squares  2W ft  on  a  side,  iikthe  clear,  were  con- 
sidered sufficient  for  a  common-road  bridge  20  ft  wide.  Many  of  th^  bridges  warped 
sideways  very  badly ;  and  when  applied  to  railroad  purposes,  ftdled  entirely.  In 
some  cases  the  better  mode  of  three  lattices  was  employed;  two  of  them  running  in 
one  direction ;  and  the  third  in  the  other  direction,  passing  between  them.  A  fbnda- 
mental  defect  was  that  the  parts  were  of  equal  size  throughout  the  span ;  whereas  the 
chords  should  be  stoutest  at  the  center;  and  the  lattices,  near  the  ends.  These  de- 
fects caused  the  lattice  to  fall  into  unmerited  neglect,  in  the  Ignited  States ;  wherc<v 
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it  is  largely  used  in  Eiirofve,  especially  for  iron  bridges;  some  of  which,  on  this 
principle,  have  been  constructed  of  more  than  HOO 
feet  span.  The  tendency  to  warp,  owing  lo  the  thin- 
ness of  the  trusses,  is  obviated  in  the  lai-ge  bridges 
referred  to,  by  placing  a  dovble  truss,  Fig.  »4  (instead 
of  a  single  one),  at  each  side  of  the  bridge.  The 
trusses  T,  D,  composing  a  double  ore,  are  placed  a 
foot  or  more  apart ;  and  are  connected  together  at 
proper  intervals,  by  short  pieces  riveted  to  each  one, 
for  stiffening  them.  At  T  and  D  are  seen  the  three 
lattices  of  each  truss ;  two  of  which,  on  the  outside. 


Fig.  34 

constitute  the  main  braces;  while  the  center  one' is  the  counter-brace. 


Iron  lattice  donble-traek  railway  bridsre  OTer  the  Saane 
at  Freibnrer.  Switi!<^rlanfl.  Fig.  34  A.    (Beckerl  "  Br Qdcenbau,**  Stutt- 


gart, 1873.  The  dimensions,  translated  from  metric  measure,  are  only  approxi- 
mate.) The  2  end  spans  are  each  147.4  ft.,  the  5  middle  ones  each  158.1.  The  4 
trusses,  13  ft.  3  ins.  deep,  6  ft.  10  ins.  apart,  cen.  to  cen.,  and  1094  ft.  long,  are  con- 
tinuous over  the  7  spans. 

Each  chord  consists  of  a  vertical  ^late  v,  14^  Inches  deep  and  from  0.4  to  0.7 
iDch  thick,  according  to  the  stress  in  the  chord,  two  4X4  inch  angle  bars,  n, 
and  four  horizontal  plates,  20  inches  wide  and  aggregating  \%  inches  thick.  The 
xreb  members  are  all  inclined  at  50°  to  the  horizontal.  Those  in  compression, 
CC,  are  channel  bars  6^X  2J^  X  K  inch,  and  the  tension  members  T  T  are  flat 
bars  6^  inches  wide  and  varving  from  0.4  to  1.0  inch  thick.  All  the  intersec- 
tions of  the  web  members  with  each  other  and  with  the  chords  are  riveted.  The 
ordinary  stifFeners,  S,  13  feet  7  inches  apart,  center  to  center,  consist  each  of  a  plate 
6^  inches  wide,  with  two  2%  X  2^  inch  angle  bars  in  the  outer  trusses  and  four 
in  the  inner  ones.  The  stiff^ners  Q  over  the  supports  are  much  stronger.  The 
diag.  and  hor.  cross  bracing,  of  channel  bars,  is  attached  to  the  stififeners. 

Upon  the  upper  flanges  or  the  trusses  rest  the  cross  girders  G  G,  generally  20 
inches  deep  and  4  feet  7  inches  apart,  and  upon  these  the  longitudinal  s'.eepers  L, 
12  X  10  inches,  which  carry  the  rails,  R,  258  feet  above  the  bed  of  the  stream. 

Each  end  of  each  truss  rests  upon  15  rollers,  4  inohes  in  diameter,  placed 
between  bed-plates.  The  bridge  is  supported  upon  six  trestle  piers  141  feet  3 
inches  high,  built  of  cast-iron  pipes  connected  by  iron  lattice  work  and  resting 
upon  masonry  piers  of  varying  height.  The  entire  iron  work  weighed  6,600,000 
pounds,  and  cost,  with  the  masonry,  $472,000. 

With  two  locomotives  on  one  span,  the  trusses  deflected  0.6  inch,  but  recovered 
entirely  when  unloaded.  A  similar  deflection  occurred  under  the  passage  of  a 
fa.««t  ira'in.    The  lateral  vibration  was  scarcely  perceptible. 
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The  Panli  trass.  Fig.  84  B,  has  both  the  uroer  and  the  lower  chord 
curved.  Fig.  34  B  represents  a  highway  bridge  across  the  Monongahela  at  Smith- 
field  St.,  Pittsburgh,  Pa.,  designed  and  erected  by  Mr.  G.  Lindenthal,  C.  E.  *  in 
1S82-3,  replacing  a  suspension  bridge  built  about  1845  by  Mr.  John  A.  Roebling. 

The  new  bridge  has  two  channel  spans,  each  .360  feet,  of  Pauli  trusses,  50  feet 
high.    The  number  of  panels  was  made  uneven  in  order  to  secure  both  ends  of 


Ffgr.  34  B.  Pavili  TruM,  Pittsbarg^lK,  Pa. 

the  middle  panel  directly  .to  the  floor  system  and  thus  obtain  greater  longitudi- 
nal rigidity.  The  ends  of  the  trusses  rest  upon  square  posts,  P,  E,  formed  of 
plates  and  angles,  with  lattice  bracing.  The  middle  post,  P,  is  fixed :  but  the  end 
posts  (one  shown  at  E)  are  hinged.  The  posts  are  encased  in  ornameutal  cast- 
iron  towers  with  wrought-iron  roofs. 

The  top  chord  is  a  steel  box  2  feet  deep  by  3  feet  wide,  built  up  of  plates  and 
angles.  Its  metal  cross-section  is  111.35  sq.  ins.  at  the  center  of  the  span,  and 
119.35  sq.  ins.  at  the  ends.  The  bottom  chord  is  composed  of  10  and  8  flat  steel 
links  (in  alternate  panels)  7  inches  wide  and  from  1  inch  to  l||  ins.  thick.  Its 
metal  cross-section  is  98  sq.  ins  at  the  center  and  101.5  at  the  ends  of  the  span. 

The  verticals  are  of  iron,  and  consist  each  of  two  plates  10  X  V^  inch,  with  2^ 
inch  anele  bars  at  their  corners  and  connected  by  a  double  lattice  of  flat  bars 
1%  X  l/\.  Under  a  uniform  load  they  sustain  tension  only,  but  under  an  un- 
evenly distributed  load  they  are  brought  into  compression.  They  are  stiffened 
by  the  horizontal  longitudinal  brace  BB,  running  the  entire  length  of  the  truss 
at  half  its  height,  and  (at  each  vert.)  by  a  horizontal  transverse  brace  at  the  same 
height,  both  about  1  foot  square  and  consisting  of  four  2^  inch  angle  bars  with 
double  lattice  of  1%  X  ^<  The  diagonals  are  flat  steel  bars  varying  from  5X1 
inch  at  the  ends  oi  the  span  to  6  X  1 A  at  its  center.     Their  length  is  adjustable. 

The  floor  is  suspended  from  the  lower  chord,  as  shown,  by  hangers  extending 
downward  from  the  feet  of  tbe  verticals,  and  consisting  each  or  4wo  flat  iron 
bars  8  X  K  inch,  with  single  lattice  bracing  of  1^  X  ^  inch  iron. 

All  the  joints  are  pin-connected.  The  pins  in  the  upper  chord  are  4  ins.,  those 
in  the  lower  chord  o>4  ins.,  those  at  the  ends  of  the  truss  B  ins.;  and  those  at  the 
lower  ends  of  the  floor  hangers  3^  ins.  in  diameter.  They  are  all  forged  firom 
solid  steel  billets  and  turned  to  size.    The  truss  cambers  2  Ins. ;  floor,  18  ins. 

The  Pauli  span.s  are  proportioned  for  a  uniformly  distributed  load  of  4500 1». 
per  lineal  foot  of  bridge,  besides  the  bridge  itself;  and,  in  addition,  for  a  concen- 
trated load  of  40  tons  on  a  20  ft.  wheel-base  on  each  track.  Of  the?e  loads  the 
sidewalks  are  assumed  to  bear  100  ft>s.  per  square  foot.  The  maximum  stress^ 
in  fbs.  per  square  inch  of  cross  section  aue  to  these  loads  are :  in  the  iron  floor- 
hangers,  8000;  in  steel  compression  members,  9800  to  13,200;  in  steel  eye-bars, 
]5,(M)0;  shear  in  rivets  and  pins,  10,000;  fibre  stress  in  rivets  and  pins,  20,000; 
on  steel  in  rivet  and  pin  holes,  18,000.  Cost  of  entire  bridge,  including  piers, 
plate-girder  spans,  and  approaches,  about  $460,000. 

I  n  the  bo  wAtrlns:  trnss.  Fig.  35,  owing  to  want  of  headway  near  tbe  ends, 
the  overhead  lateral  bracing  can  extend  only  for  some  distance  each  way  from 


Fig^.  35,  Bowstring. 

the  center  of  the  span.  In  short  spans  with  low  trusses  this  defect  is  not  felt 
In  longer  ones  the  trusses  may  be  braced  by  placing  the  roadway  some  distance 
above  the  chord.  The  bowstring  is  now  rarely  used  for  railroad  bridges,  but 
frequently  for  highway  bridges  and  for  roofs.    For  stresses,  see  p.  688. 

♦  Tmnsactions,  American  Society  of  avil  Engineers,  September,  1883. 
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The  IfOek  Ken  vliidiiei,  Envland,  of  130  ft  cleftr  tpui,  and  18  (t  Iitffh, 
hM  two  truasefl,  1:)  ft  S  ini  apart  clear,  for  tingle-track  railruad,  on  the  Bowstring 
principle.  Fig  35,  omitting  only  the  Terte;  which,  howerer,  affects  the  strains  on  the 
obliques.  For  conrenience  of  construction,  it  was  built  chiefly  of  rolled  channel- 
iroD.  (see  <  <,)  (rf  8  ins  by  4,  by  4,  by  ^  inch.  At  Fig  86,  d  shows  a  transTerse  sectiun 
of  the  arch  or  bow;  which  is  uniform  throughout.  That  of  the  uniform  chord  or 
string  is  of  the  same  fig  and  sise  as  the  arch.  Kach  has  an  area  of  33  sq  ins  in  each 
truss.  The  top  strip,  a,  a,  of  rolled  inm,  is  24  ins  by  ^;  and  is  rivetHl  to  the  upt>er 
flanges  of  the  twochannel-ironsff;  which  ara  8  ins  apart,  io  as  Just  to  allow  the  pasMge 
between  them  of  the  obliques  d ;  which  also  ara  of  the  same  channeMron.  The  pHnels 
are  about  12  ft  long  near  the  center  of  a  truss ;  and  8  ft  at  its  ends.  The  wt  of  the 
two  trusses  alone,  without  the  roadway,  is  Tery  nearly  50  tons.  The  wt  was  increased 
beyond  the  theoretical  requirements,  to  sara  the  trouble  aiid  expense  of  preparing 
and  fitting  together  many  pieces  of  diff  dimensions;  ret,  although  the  bridge  is  a 
strong  one,  the  trusses  alone,  weigh  together  but  .S7  or  a  ton  per  foot  run.  Where 
two  obliquee  cross,  (me  is  in  two  pieces,  riTeted  to  the  other  by  straps. 

In  the  State  of  New  York  are  many  much  •  used  brtdces  for  eoamoii 
tn»vel«  by  Mr.  WIllpiM^*  of  1<^  feet  span,  and  12U  ft  rise ;  with  two  trusses  19 
ft  apart  from  center  to  center;  for  two  roadways ;  and  having  two  outside  footways, 
each  6  ft  wide.  Each  truss  has  tf  panels,  braced  altogether  by  Tert  and  oblique  tie- 
rods  (no  struts)  arranged  as  in  Fig  35.  The  rerts  next  the  center  of  each  truss,  consist 
each  of  two  rods  of  l^ins  diam,  welded  together  at  top ;  and  straddling  2  ft  at  bottom. 
The  other  verts  are  single,  and  2  ins  diam.  Theobliques  are  all  single,  and  l^^ins  diam. 
The  arches  are  of  cast-iron.  The  transTerte  urea  of  metal  of  each  arch  islSsq  ins  at  the 
crown ;  and  21  sq  ins  at  the  spring.  The  shape  of  arch  transversely  resembles  a  channel- 
iron  with  its  back  upward ;  the  total  depth  of  flange  7  ins ;  the  width  of  arch  on  top,  11 
ins  at  center  of  span ;  but  increasing  unifbrmly  by  means  of  wide  open-work  on  top, 
to  3  ft  at  springs.  Bach  consists  of  9  straight  segments,  held  together  at  their  but- 
ting flanges,  by  the  verts  themselves :  which  pcMS  through  them, and  have  screws  and 
nuts  at  their  ends.  The  screw-ends  are  not  upset.  The  thickness  of  metal  in  the 
arches  nowhere  varies  much  fh>m  ^  inch.  Under  the  floor,  and  between  the  trusses^ 
are  borixontal  diagonal  braces  of  rods  ^  inch  diam ;  two  of  them  to  each  panel ;  each 
of  them  with  a  tightening  swivel.  The  chord  of  each  arch  consists  of  4  rods  of  2  ins 
diam.  In  the  same  State,  are  also  many  similar  common  road  bridges  of  72  ft  span. 
Rise  9  ft ;  two  trusses,  19  ft  apart  from  center  to  center ;  *  and  two  outside  footways 
(rf'B  ft  each  in  addition.  Each  truss  has  7  panels,  with  vert  and  oblique  ties,  as  in  Fig  3ft. 
Each  cast-Iron  wrch  is  in  7  straight  segments,  of  tlie  same  shape  as  the  foregoing; 
with  a  cross-area  of  metal  of  about  12  and  15  sq  ins.  Its  width  at  center  of  truss  10 
ins;  at  springs,  30  ins.  The  two  verts  next  the  center  of  each  truss,  consist  each  of  2 
rods  of  ly^  mam ;  the  other  verts  are  single,  each  1%  diam.  The  obliques  are  all 
single,  1  inch  diam.  The  chord  or  string  of  each  arch,  is  4  rods  of  \%  inch  diam. 
Horizontal  diag  bracing  of  %  inch  rods  under  the  floor,  as  in  the  fongoing. 

fik^me  ewRt-iron  bridires  of  the  Severn  Talley  RnllroiMl, 
Enclnnd,  of  200  ft  clear  span,  consist  of  arches  rising  20  ft,  and  supporting  the 
railroad  an  a  level  with  the  tops  of  the  arches,  instead  of  <^re  them  as  in  Fig  35^. 
There  are  no  diags  between  the  arches  and  the  roadway,  as  in  that  fig;  but  cast- 
iron  verts  only,  placed  4  ft  apart.  The  railroad  is  double  track ;  and  there  are  four 
arches,  one  under  each  line  of  rails.  The  transverse  section  of  an  arch  is  I ;  each 
flange  is  15i^  ins  wide,  by  2  ins  deep ;  the  web  is  2  ins  thick.  Total  depth  at  center 
of  span,  4  ft ;  and  at  the  skewbacks,  4  ft  9  ins  Transverse  area  of  each  rib  at  crown, 
150  sq  ins.    Each  arch  is  cast  in  9  segments  of  equal  length. 

The  cast-iren  brM^*  »eroMi  the  SehnylklU  at  CbestMiit  St, 
Phllta,  Strickland  Kneass,  Esq,  Engineer,  roadway  on  top,  has  two  arches  of  185ft 
clear  span  each,  and  20  ft  rise.  Clear  width,  42  ft.  Each  arch  has  6  ribs,  about  8  ft 
apart  in  the  clear;  and  of  the  uniform  depth  of  4  feet,  including  a  hor  top  rib  8  ins 


port  a  pavement  of  cubi'-al  blocks  of  granite,  laid  in  gravel.  The  arches  are  cast  in 
ttgments  12  ft  10  ins  long ;  each  with  end  flanges  12  ins  wide,  for  bolting  them  to- 
gether with  four  1%  inch  diam  screw-bolts  at  each  end.  For  a  change  of  tempera- 
tare  from  12°  to  99°  Ffch,  the  crowns  of  the  arches  rise  2^  ins.  Under  a  uniform 
extraneous  load  of  100  fte  per  sq  foot,  the  greatest  pres  on  the  arches  is  but  8600  B>8 

'  ♦  With  oolT  two  trnsaes.  th«  width  between  them.  In  the  clear,  ahoald  not  be  l4M  thM  16  ft.  to 
•now  two  ordinary  Tehiolea  to  pass  each  other  readil/  ;  but  18  or  20  ft  i«  •ttll  better ;  more  would  bo 
r  when  (here  are  ootrids  footwaji.    The  headwaj  ehould  not  be  («m  (baa  13  ft 
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per  sq  Inch  of  their  cross  section ;  or  not  more  than  ^  of  the  ultimate  crushing 
strength  uf  average  cast  iron,  in  short  blocks. 

The  nioseley  Brldve«  ^ig^  ^^%^  by  Thos.  W.  H.  Moseley,  of  Kentucky,  is 
esseutially  a  wrought-iron  Bowstring,  with  a  hollow  plate-iron  arch  of  triangular 
cross-section,  ap«'x  np ;  and  formed  of  three  plates  riveted  together ;  the  two  side- 
plates,  a  6,  ac^  having  their  tup  and  bottom 
edges  bent  to  form  flanges  for  this  purpose.  ^ 

TIte  chords  o  « ;  the  verts ;  and  the  two  counter-  ^ 

arches  tt;  are  also  of  iroD.    These  counter-  rT  i-^!^ 

arches  are  intended  as  a  substitute  for  the  ob-  b  / -\  r 

liques  of  Fig  35,    Each  ot  them  consists  of  two  ^  \  \f  | 

angle-irons,  back  to  liack,  riveted  t<^^ther,  S^^"^"^! 

and  to  the  verticals,  which  pass  between  th&na..  !?-■«)'»' 

£:ich  of  them  has  a  sectional  area  equal  to  J?  m|«>«>  g^ 

half  that  of  the  main  arch.  The  verticals  are 
placed  about  2  £t  apart.  They  are  flat  (not 
square)  bars,  for  convenience  pf  riveting.  Tliey  — 

pass  through  holes  in  the  bottom-plate  of  the  ^^^ 
main  arch,  (see  dotted  line  of  top  Fig,)  and  are 
fastened  at  a  by  the  same  rivets  which  connect 
the  upper  flanges  of  the  two  side-plates,  ab^ac.  The  chords,  o  e,  are  also  flat  bars : 
and  have  a  transverse  area  half  as  great  as  that  of  the  main  arches.  At  their  eodi 
they  are  attached  to  strong  wrought-iron  shoes  upon  which  the  feet  of  the  main 
arches  rest  and  abut.  The  rise  of  the  main  arches,  measured  to  the  bottom  of  the 
arch,  is  ^  or  -j^  of  the  clear  span. 

The  following  are  the  principal  dimensions  of  a  single  track  bridge  of  03  ft  clear 
span,  (97  ft  from  out  to  out  of  arch,)  carrying  the  "  Iron  Railroad  "  at  Ironton,  Ohio. 
It  was  built  in  1860,  and  is  traversed  by  heavy  engines  with  trains  of  pig  iron,  coal, 
ke.  Rise  to  bottom  of  arch  lOU  ft;  to  middle  of  arch  11  ft.  Bottom-plate  8S  of  arch, 
163^  ins,  by  .44  inch.  Side-plates  a  6,  a  c,  in  clear  of  flanges,  U}^  ins,  by  .29  inch. 
Top  flanges  at  a,  each  3  ins.  Bottom  flanges  b  and  c,  each  1.88  ins.  Tert  rods,  3  ins. 
by  %  inch ;  and  2  ft  apart  from  center  to  center.  The  chord  of  each  arch  consists  of 
two  flat  bars,  each  of  4\4  >q  ins  of  cross-section.  The  bridge  was  tested  for  three 
weeks  by  a  dead  load  of  >^  a  ton ;  and  a  rolling  load  of  1  ton  at  the  same  time,  per 
foot  run ;  and  deflected  only  %  inch.  With  a  ImmI  of  1  ton  per  foot,  the  pressure  at 
the  center  of  the  arches  would  be  about  6 "%  tons  per  sq  inch  of  metal ;  and  a  trifle 
more  at  the  feet.  The  sectional  area  of  metal  in  each  main  arch  is  18^  sq  ins.  These 
bridges  are  of  easy  construction,  and  consequently  cheap.  For  long  spans,  vert 
diagonal  bracing  (see  Fig  3d)  would  probably  be  essential  for  preserving  the  form 
of  the  arches  under  heavy  moving  loads.* 

An  li^n  arch  roof  In  Philadelphia,  clear  span  80  ft,  rise  16  ft,  con- 
sists of  H  unifbrm  arch  of  singla  7-ii»ch  Phoenix  beam  of  6  sq  ins  sectional  area;  weigh- 
ing 20  ft>8  per  foot.  This  rests  on  cast-iron  shoes  on  the  walls.  The  hor  chord  or  tie 
at  the  feet,  is  of  two  rods  of  1%  diam.  At  the  center  of  this  tie  is  an  arrangement 
similar  to  No.  15,  of  page  583,  from  which  diverge  upward,  to  the  arch,  a  central  vert 
rod  1  inch  diam ;  two  stmts  of  6-inch  Phoenix  beam,  20  ft  apart  at  the  arch ;  and  two 
ties  each  IV^diam,  reaching  the  arch  at  half-way  between  the  struts  and  the  ft«*  <>^ 
the  arch,  'niere  are  10  such  trusses,  each  of  which  by  itself  weighs  about  3900  km: 
they  are  placed  16  ft  apart ;  and  by  means  of  purlins  resting  upon  them,  support  the 
entire  weight  of  the  roof,  which  is  of  inch  boards,  covered  by  ^in  sheet-iron. 

The  Arom  roof  of  a  r«lllii||rtonitll  near  Boston,  Mass,  of  about  80 
ft  span,  and  16  ft  rise,  has  arches  of  tbe  Moseley  section  a,  6,  c.  Fig  35%;  but  withont 
counter  arches.  The  trusses  are  12  ft  apart.  Sides  of  the  arches,  clear  of  the  flanges, 
7  ins ;  upper  flanges,  2  ins ;  lower  ones.  1  inch ;  total  of  each  side,  10  Ins,  by  .19  inch  thick. 
Bottom  plate  8^  inch  hj\^  inch  thick.  Total  nectional  area  of  an  arch,  5.925  sq  tni. 
There  are  besides,  a  chord ;  and  24  vert  suspending  rods ;  but  no  obliques.  The  roof 
is  covered  with  corrugated  iron,  on  purlins.  When  required,  the  heavy  iron  rolls  of 
the  mill  are  lifted  by  tackle  supported  by  a  roof-truss. 

Flg^  36,  represent  the  Burr  truss ;  which  was  formerly  more  used 

•  Although  tbU  bridge  seems  to  haf«  ttood  verj  well  for  Mereral  year*,  the  writer  would  preftr  not 
to  exceed  two  ton*  of  comprecoive  atraia  per  aq  inch  on  pkUe-iron  io  saoh  atmoUires.  In  lererM 
bridgea,  General  Moaelej  baa  used  a  continuott*  web  of  H  «noh  Iron,  instead  of  the  vert  aaapeD<ler«. 
But  in  Buch  casea  the  triangular  tube  is  not  applicable  for  the  arch  ;  and  he  aubatitutea  two  Z  bar*, 
riveted  togetlier.  and  to  the  web,  tv,  which  pasaea  between  them,  as  in  the  foregoing  flg.  The  oounter 
•rehea  being  here  unneoeaaary.  are  omitted.  This  web  would  be  objectionable  in  large  apans,  eap*- 
^*'*]\J  of  draw-bridgea,  on  aoooont  of  the  wind.  More  recently  atlll,  he  baa  alao  introducfd 
lattfcea.  inatead  of  vert  bara.  in  some  of  hia  bridges ;  together  with  manv  innovations  on  the  arraofO* 
meut  Brat  deaoribed.    At  1  ton  per  a  run,  the  pull  on  tEe  ohord  above, =11  tons  per  sq  iu. 
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than  any  otlier  In  the  United  States.  It  is  at  fvresent  regarded  with  dislhvor  by  some^ 
because  many  early  oi^  failed  under  railroad  traffic,  iu  consequence  of  bad  propor> 
tions,  and  the  absence  (as  in  our  Fig  36)  of  counterbracing.  When  properly  con- 
stracted  it  makes  an  excellent  bridge.  The  common  objection  to  it,  and  not  withonfe 
reason,  is  that  a  tross  and  an  arch  cannot  be  so  combined  as  to  act  entirely  in  con- 
cert; yet,  as  soon  as  any  ordiuHry  truss  begins  to  fkiU  the  almost  invariable  remedy 
is  to  add  an  arch.  When,  howerer,  the  two  iire  to  be  united,  it  is  better  to  so  pro- 
portion  the  arch  as  to  be  capable  by  itself  of  safely  sustaining  the  max  load  at  rest; 


and  to  confine  the  duty  of  the  truss  to  preyenting  the  arch  fh>m  changing  its  form 
under  a  mooing  load.  Counterbracing  may  be  effected  by  strapping  the  heads  and 
feet  of  the  braces  to  the  chords ;  or  by  iron  rods  parallel  to  the  braces ;  two  to  a 
brace ;  with  screws  and  nuts,  as  at  v  /.  Or  by  similar  rods  across  the  otlier  diags  of 
the  panels.  The  following  dimensions  answer  for  a  single-track  R  R 
bridge  of  about  150  ft  span.  Rise  from  out  to  out  of  chords  one-eighth  of  the  span ; 
about  fourteen  or  sixteen  panels.  Width  iu  clear  of  arches,  14  ft.  Six  arch-pieces 
f,  of  10"  X  13"  each,  to  each  truss.  Upper  chord  c,  14"  X  16".  Lower  chord  a  «, 
two  pieces  each  10"  X  16".  Posts  p,  14''  transversely  of  the  bridge,  as  in  the  right- 
hand  fig;  by  10'';  except  at  the  heads  and  feet,  where  enlarged  to  receive  the  ends 
of  the  braces.  Braces  10"  deep,  by  13"  wide.  Floor  girders  o,  10"  X  IB";  and  2>^ 
to  3  ft  apart  from  center  to  center.  Suspending  rods  (shown  at  «;  and  dotted  in  x) 
1%  diam.  Counterbrace  rods  in  pairs  parallel  to  braces,  about  1)^"  diam.  Bolts 
fur  arches,  lower  chords,  kc.  1^"  diam.  Theoretically,  the  posts,  braces,  and  arches 
should  gradually  diminish  from  the  ends,  toward  the  center  of  the  truss ;  while  the 
chords  should  increase ;  but  in  practice,  the  additional  labor  of  getting  out  and  fitting 
pieces  of  diff  sizes,  frequently  makes  it  more  economical  to  use  uniform  sizes.*  The 
s.une  amount  of  arch  would  answer  also,  if  trussed,  as  in  Fig  35 ;  and  the  arch  by 
itself  with  a  full  max  load,  would  be  strained  less  than  800  fi>s  per  sq  inch,  at  its  feet. 
For  a  span  of  200  ft,  with  the  same  proportion  of  rise,  the  transverse  areas  of  the 
several  arch  and  truss  pieces  8llou^d  be  increased  33  per  cent ;  and  for  one  of  100  ft, 
they  may  be  diminished  the  same.  None  of  these  dimensions  are  the  result  of  close 
calculation.  The  dimensions  just  given  will  answer  for  common  travel^  for  a  span  of 
200  ft ;  with  a  depth  from  out  to  out  of  chords,  of  ^  the  span ;  panels  10  to  12  ft  long. 
Many  such  spans  have  been  built  with  timbers  of  about  ^  less  transverse  section ; 
and  without  counterbracing.  The  heads  of  the  posts  are  notched  about  2"  to  3"  into 
the  bottom  of  the  upper  chords;  and  are  moreover  tenoned  into  it  some  ins  further,* 
with  two  wooden  pins  through  the  tenon ;  see  n.  Figs  36.  Their  feet  are  notched 
both  into  and  upon  the  lower  chords,  so  as  to  leave  the  two  chord-pieces  a  a  only 
about  2"  apart.    Through  these  and  the  post  pass  two  bolts  of  about  1"  to  1%  diam. 

Since  the  upper  chord  resists  compression  only,  its  pieces  may  come  together  with 
a  plsiin  butt  joint,  d.  To  this  may  be  added  fishes  e  d,  of  stout  plank,  on  the  sides 
of  the  chord,  bolted  through  by  4  or  8  bolts. 

The  lower  chords  resist  pull ;  and  the  pieces  composing  each  lower  chord  must 
therefore  be  joined  together  These  pieces  should  be  as 

•  It  wfll  be  borne  lo  mind  that  oar  examples  are  not  intended  to  illustrate  perfeotlr  proportioned 
■traetaree.  None  of  them  would  endure  atricl  criticism.  There  Is  more  waste  of  timber  in  an  arch 
built  with  a  uniform  trausverse  seotion  throughout,  than  in  the  straight  upper  chord  of  a  Howe  «r 
Pnut  similarly  built;  for  both  must  be  proportioned  to  the  greatest  strain.  This  is  at  the  center  of 
(he  two  last ;  but  while  that  at  the  center  of  the  aroh  Is  as  great  as  in  these,  that  at  iu  fiset  is  mooa 
fieatet.    See  Kxample  2,  Art  38,  of  Foroe  in  Rigid  Bodies. 
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long  M  powible,  and  shoidd  iieTer  be  jointed  opposite  to  each  other,  but  one  <^posite 
the  middle  of  the  other. 

The  braces  are  merely  cut  to  fit  to  the  heads  and  feet  of  the  poets,  after  these  last 
have  been  fixed  in  their  places ;  and  usually  have  no  other  connection  to  them  than 
one  or  two  spikes  at  each  end,  for  small  bridges ;  or  screw-bolts  for  lai^e  oneo. 

The  ends  of  the  timbers  composing  the  arches,  bntt  fuU  square  against  each  other; 
and  may  also  have  a  w\>oden  dowel.  The  joints  should  occur  at  tlie  posts,  as  shown 
at  W.  The  arches  are  screw-b<4ted  to  the  posts,  as  shovm  in  the  figs,  by  bolts  of  1  to 
1^  ins  diam.  Where  the  arches  pass  the  lower  chord,  both  are  notched,  and  well 
bolted  together.    The  feet  of  the  arches  abut  against  cast-iron  plates. 

When  suspension  rods  (dotted  in  Fig  36)  are  used  for  assisting  to  support  the  road- 
way, they  are  placed  as  shown  at «  « ;  m  being  a  strong  block  of  wood  lightly  notchol 
on  top  of  the  upper  arch-pieces.  The  rods  are  suspended  by  a  washer  and  nut  on  top 
of  the  block ;  and  after  passing  down  between  the  arches  and  chord,  have  a  similai 
arrangement,  but  inverted,  below  the  last ;  as  shown  at  g. 
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ir  a  lotitf  teeam*  m  h.  Figs  46  and  47,  reqnivea  t»  be  Atren^bened, 

^is  may  be  done  by  adding  a  yert  poet  d  c ;  and  2  inclined  tie>rods  o  a,  c  &.  And  i^ 
after  this,  the  two  halves,  d  a,  d  6,  of  the  beam  still  are  found  to  be  too  weak,  addi- 
tioDal  intermediate  posts,  oo,  may  be  introduced ;  with  other  ties,  t^',  to  snstnin  them. 

In  Figs  45  and  47,  the  roadway 

^A, i.: \m  **  *'  t^®  chord  a  & ;  no  purHllel 

lower  chord  being  necessary^  it 
may  be  omitted.  The  inclined 
ties  act  as  snbstitntes  for  it.  But 
if  the  bridge  is  so  near  the  water 
as  not  to  allow  the  posts  and  ties 
to  be  placed  benecUh  the  roadway 
a  6,  we  may  raise  the  entire  truss 
upon  two  posts  or  piers  s  «,  Figs 
44,46;  and  place  the  roadway 
nn,  at  the  lowerends  of  the  posts 
and  ties ;  instead  of  letting  it  rest  on  top  olr'  the  chord,  as  in  Figs  45  and  47.  In  Figs 
44  «md  46,  the  truss  and  its  load  do  not  then  reat  direcUy  upon  the  abuts  y  y,  but 

upon  the  tops  of  the  posts 
■t  «,  s;  and  the  only  part  that 

— ^  does  rest  directly. on  the 

abuts,  is  ont-hcHf  of  that 
small  portion  of  the  road- 
way comprised  at  each  end, 
between  e  and  n ;  in  other 
words,  only  one  half  the  wt 
of  the  roadway  of  the  end 
panels;  the  other  half  beine 
sustained  by  the  inclined 
ties  which  meet  at  e. 
When  the  tie-rods  aU  pass 
from  the  feet  of  the  posts  to  the 
ends  of  the  chords,  as  in  Figs 
44  and  45,  we  hare  the  Boll- 
nmn  truss.  And  when,  as 
in  Figs  46  and  47,  only  those 
which  sustain  the  center  post 
d  c,  both  pass  to  the  ends  of 
the  chord,  while  the  others 
are  disposed  as  in  said  figs,  th« 


BOLLMAN 
Fig.  45. 


Fig.  46. 


Fink  tram  is  the  lesult. 
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TiM  IMtowInr  €Hm«mto«s  fbr  •liiirl««t*»cli  FIbIk  lbriil|rM« 

with  chords  atid  ponta  of  wood;  and  iron  suspension  bars;  are  on  the  assumption 
that  all  the  bars  deflect  ^  of  the  spaa ;  that  the  road  is  on  top;  that  the  bars  shall 
not  be  strained  more  than  10000  fi>s,  or  4^^  tons  per  sq  inch,  under  a  weight  of  bridge 
and  load,  amounting  in  all  to  two  tuns  per  running  foot.  Assumed  wt  on  each 
driring-wheel  of  engine,  6  tons.    Screw  ends  upset. 

Blmensions  for  one  trumonlx,  of  a  slnirle-traclK  Finlc  lbricl{;r«* 
The  spans  are  in  feet ;  the  other  dimensions  are  square  inches  of  cross-section  of 
each  member. 


Areas  in  sq  ias.                         | 

Areas  in  sq  ios. 

1 

1 

1 
2 

t 

1 

2 

t 

2 

1 

1 

1 

t 

t 

1 

t 

2 

S5 

275 

8K 

«H 

60 

M 

470 

Zl 

6H 

IH 

14a 

40 

900 

9H 

tH 

64 

100 

605 

33K 

^^ 

2 

,, 

160 

46 

832 

10« 

a« 

72 

125 

580 

»>i 

8 

2« 

IH 

ns 

50 

340 

11^ 

t'^ 

81 

150 

650 

S5 

»H 

8 

IVi 

wo 

60 

S75 

14 

IH 

OS 

175 

730 

A 

11 

8H 

IH 

SS5 

70 

410 

16H 

*H 

IH 

110 

200 

800 

*»H 

12H 

4 

IH 

390 

W 

440 

18« 

5 

IN 

126 

"We  have  given  the  area  of  the  1st  post  only.  For  that  of  the  2d,  we  maj  take  %  of  the  first ;  for 
the  3d,  %  of  the  second ;  and  fr>r  the  4th,  %  of  the  third;  without  pretending  to  any  great  aocuraev. 
The  Iron  rods  may  be  flat,  sqvare,  or  round,  so  that  the  profier  area  he  maintained.  It  will  asoaUj 
ke  beat  to  have  tben  flab 

A  wldtb  of  18  feet  is  necessary  for  allowing  two  ordinary  Tehicles  to  pass 
each  other  rexuiUy.  It  should  never  be  less  than  16  ft ;  and  nothing  is  gained  by 
exceeding  20  ft. 

It  will  of  course  be  understood  that  each  maoiber,  espeeially  In  large  spam,  will  consist  of  two  «r 
more  pieces,  side  by  side.  Thus,  in  a  span  of  200  ft,  the  800  sq  inehes  of  each  ehord,  will  probablj 
ooiisist  of  four  beams  of  about  10"  X  20",  or  IS"  X  16",  placed  side  by  side;  but  with  sufficient  inter- 
vals between  them  to  allow  Miaseveral  oblique  bars  to  pass.  Or  it  mav  oonaist  of  six  beams  of  smaUer 
site.  So  also,  the  1st.  or  main  rod,  of  46fi  sq  ins,  will  probably  be  made  up  of  from  4  to  8  bars,  of  11.7, 
or  5.85  sq  ins  each,  placed  side  by  side;  ooeasionally  some  iuobea  apart.  And  so  with  the  ettiera. 
The  feet  of  the  opposite  posts  of  the  two  trusses  of  a  Fink  span,  are  couaeoted  together  by  tie*  of  weed 
or  iron,  to  prevent  lateral  motion ;  and  for  the  same  purpose,  diagonals  are  oarried  from  eaeh  npper 
ehord  to  the  foot  of  tbeoppeelte  post;  as  ia  asuaUy  done  ta  t(»-read  fertdfes  of  any  kiiuL  Thaae  had 
better  be  tfa-struti. 


Tbe  weights  of  bridcres  of  the  same  spwa,  designed  by  different  peraono, 
yary  considerably,  from  sevenu  causes ;  such  as  the  form  of  truss ;  quality  of  iron ; 
coefficients  adopted  for  safety,  and  for  strength  of  materials ;  whether  the  roadway  is 
on  the  top  chord,  or  on  the  bottom  one,  <&c,  &c. 

For  a  mere  approximate  wei§^ht  to  be  assumed  as  a  preliminary  in 
calculating  the  strength  and  proportioning  the  parts  of  a  bridge,  or  for  forming  some 
rude  idea  of  the  quantity  of  iron  required,  we  suggest  the  following  purely  empirical 
formulas.  They  give  the  wel|t:ht  in  pounds  per  foot  run  of  span,  of  only  the  two 
trusses  or  main  girders  together  and  their  lateral  bracing,  for  a  single-track  railroad 
bridge  of  standard  gauge  (4  ft  8)^  ins).  The  weight  of  cross-beams,  flooring,  rails, 
etc,  is  not  included. 

For  spans  not  exceedini^  75  feet. 

(Phite  girders.) 

Welffbt  per  foot  run  (see  above)  =  6  X  span  in  feet  +  50  X  1/ span  in  feet. 

For  spans  of  ft*om  75  to  250  feet. 

(Pratt,  Whipple,  or  Warren  trusses.) 

Weli^bt  per  foot  run  (see  above)  =  4.6  X  span  in  feet  +  22  X  1/ span  in  feet. 

For  spans  exceed Ingr  250  feet.* 

(Trusses  of  various  designs.)  * 

Weiffbt  per  foot  run  (see  above)  =   ^^^"^2°  ^^^    +  600. 


♦  In  spans  longer  than  about  300  feet,  the  differences  in  truss  designs  are  so  great 
\t  the  actual  weights  may  differ  widely  from  those  obtained  by  simple  practical 
nuln  of  any  kind.  r     r 
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rappvoximate  weli^hts  orsinarle-traelK  iron  railroMl 
briclires  of  standard  <4  ft  S 1-2  tnches)  ganse* 

Span.       I  Weight  of  the  two  trusses,  or  main  girders,  and  their  lateral  bracing. 


Feet 

LYw  per  foot  run  of  span. 

Lbs  total. 

20 

325 

6500^ 

30 

425 

13000 

40 
50 

620 
600 

21000 
30000 

Plate  girders. 

60 

690 

41000 

70 

770 

64000 

80 

650 

100 
150 

670 
940 

67000 
141000 

Pratt,  Whipple,  or  Warren 

200 

1200 

240000 

trusses. 

250 

1500 

375000 

300 

2000 

600000' 

400* 
500* 

8200 
4700 

1280000 
2350000 

Trusses  of  yarious  designs. 

600* 

6500 

3900000 

For  double  track  bridges  add  80  per  cent  to  the  weight  of  single-track  ones 
as  obtained  by  the  formulae. 

For  narrow  tfanire  bridges  take  75  per  cent  of  the  weights  for  standard  gauge 
ones  as  given  by  me  fonnulaB. 

Iron  floor  systems,  with  two  stringers  under  each  track  and  adapted  for 
heavy  loads,  such  as  A  p  546,  may  be  taken  as  weighing  approximately  as  follows : 


Span,  in  feet 

Weight  of  iron  floor  system,  in  pounds  per  foot  run. 

Singlb  track. 
200  to  275 

Double  track. 

20  to  100 

650  to  700 

100  to  250 

250  to  850 

700  to  850 

250  to  300 

325  to  400 

750  to  900 

300  to  400 

875  to  450' 

" 

400  to  500 

425  to  500 

u 

500  to  600 

475  to  575 

800  to  1000 

Two  iron  safety  strinvers  will  together  weigh  about  150  lbs  per  foot  run. 

For  wooden  floor  sySTOms^  we  may,  as  a  rude  average,  set  down  for  spans 
not  exceeding  about  200  feet,  cross  floor  girders  of  about  7"  X  15",  and  about  2J^  to  3 
feet  apart,  from  center  to  center ;  clear  span  14  feet ;  together  with  substantial  string- 
pieces  of  abont  10"  X  12",  for  supporting  the  rails ;  the  rails  themselves ;  and  a  plank 
pathway  between  the  rails,  all  complete,  at  about  .14  ton,  or  314  fts,  per  foot  of  span ; 
or  with  a  full  floor  of  ^'  plank,  14  feet  wide,  about  .2  ton,  or  448  R>8.  For  greater 
spans,  with  the  trusses  farther  apart,  increase  this  to  .25  too,  up  to  300  feet;  .3  ton, 
to  400  feet;  ^  ton,  to  500  feet;  and  .4  ton,  to  600  feet. 

Two  safety  stringrers  will  together  weigh  about  100  to  150  B>s  per  foot  run. 

When  a  bridge  is  to  be  roofed  and  weather-boarded,  an  addition  must,  of  course, 
be  made  to  our  weights. 

Wooden  bridges  weigh  about  the  same  as  iron  ones  of  equal  strength. 

In  the  Northern  Pacific  R  R  bridge  over  the  Missouri  River,  at  Bismarck,  Dak, 
built  1881-2,  the  two  inverted  bowstring  trusses  of  the  115-foot  ai^roat^  spans,  weigh 
(together)  .88  ton  per  foot  run;  two  Pratt  trusses  of  the  400-foot  channel  spans,  1.09 
tons. 

Two  trusses  of  the  Newark  Dyke  bridge,  England,  Warren  girder,  2403^  foot  span, 
weigh  1.02  tons.  The  single-track  tubes  of  the  Victoria  bridge  at  Montreal,  244  feet 
span,  1.14  tons ;  the  3IiO  foot  span,  2  tons.  The  single-track  Britannia  tube,  Eng,  460 
feet  span,  3.43  tons.  Two  trusses  alone,  of  the  Penna  R  R,  at  Philadelphia,  180  foot 
span  (Pratt's  system,)  by  Mr  Linville,  .62  ton.  The  fine  320  foot  span  across  the  Ohio 
at  Steubenville,  (Pratt,)  also  by  Mr  Linville,  1.6  tons  per  foot.  All  these  are  of  iron ; 
single  track.  

*  See  foot-note  (*),  page  604. 
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Tbe  ipreatest  load  tliat 


can  come  apon  a  bridi^ey 


If  for  »  single-track  rail- 
road, can  scarcely  exceed 
that  of  a  string  of  heavy 
locomotives  coupled  to- 
gether, without  their  ten- 
ders.  Such  engines  will 
weigh  from  one  to  two 
touK  per  foot  of  their  ex- 
treme length  but  a  long 
fttriug  of  such,  without 
their  tenders,  ii  hardly 
probable. 


Our  table  on  page  ^,^ 
605  makes  sufflcienc  al-  ~ 
lowanoe  for  the  greater  H 
loads  per  ft  ran  that  mar  bl 
probably  come  upon  small  • 
spans.  The  diffs  between  7]* 
•ur  4t,h  and  «ih  cols  will  ^ 
{ive  our  assumed  max 


give  oi 
loads. 


On  very  small  spans 
the  loads  cannot  b«  as- 
sumed to  be  equally  dis- 
tributed. On  bridges  for 
turnpikes  and  common 
roads,  no  probable  contin- 
gency could  crowd  people  O 
upon  them  to  such  an  ex- 
tent as  to  weigh  more  than  M 
tlO  lbs  per  sq  ft  of  floor. 
The  French  sundard  in-  (^ 
deed  is  but  half  of  this, 
or  42  lbs  per  sq  ft ;  and 
is  sufficient  for  probabil- 
Uy,  but  not  torpouibilit]/. 
The  latter  may  increase  it 
to  80  lbs ;  and  this  may 
safely  be  taken  as  tbe 
maximum  load  on  spans 
of  20  or  more  feet.  To 
eompensate,  however, 
for  momentum,  we  re- 
commend to  adopt  100  lbs, 
or  .045  of  a  ton,  as  the 
limit  for  crowds,  t  A 
bridge  for  a  single-track 
carriage-way ;  with  room 
between  the  trusses  for  a 
footway  also,  shoold  not 
be  U»*  than  12  ft  wide  in 
the  clear ;  in  which  case  ^, 
its  greatest  load  at  100  r- 
Ibs  per  sq  ft,  would  be  H  bj 
a  ton  per  ft  run ;  or  If  24  **• 
ft  wide,  with  but  two  trus- 
s«s,  the  load  would  be  f  uU 
1  ton  per  ft  run. 


But  in  a  corn* 
mon  bridge  alM.the  great- 
est load  per  ft  run.  on  a 
very  short  span,  will  be 
greater  than  in  a  long 
one ;  as  in  the  oase  of  two 
wheels  of  a  truck  hauling 
a  large  block  of  stone,  &e ; 
and  this  nraat  be  taken 
into  consideration  in 
building  such. 


The  enirineers  of  the  Chelsea  bridge,  London,  packed  picked  men  upon  the  platform  of  a  *eWj|- 
bridgS*  wifh  result  of  M  S;%r  sq  ft.  Mr  Nash,  architect  of  Buckingham  P«^»«».  •«1*|l"*°Sf 
wl^th*ref«reooe  toflre-proof  flooiT for  that  baUding.  wedged  men  together  as  oloM>ly  as  they  could  ij* 
Bihly  atand  npon  an  area  of  20  ft  diam ;  the  last  man  being  lowered  down  from  above,  among  in« 
others.    Result.  120  lbs  per  sq  ft.    See  foot-note  p  tf2S. 
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It  most  also  be  remftmbered  that  each  transverse  floor-girder  mnst  bearaf  ttaHaW 
the  weight  restiug  upon  two  wheels;  no  matter  how  close  together  the  girders  may 
be  placed.  If  they  are  farther  apart  than  the  dist  between  two  axles  of  a  vehicle, 
they  will  have  to  bear  more  than  the  load  on  one  pair  of  wheels. 

Tbe  allowance  for  safety  in  a  truss  bridgre. 

As  the  result  of  a  ioiig-oontinaed  series  of  deflections  applied  tn  an  experimental  plate>iroo  girder 
of  20  ft  span,  Mr  Kairbairn  oouoludes  that  a  bridge  suhJeiBt  to  100  delleotiuun  per  day,  eaob  equal  to 
that  produced  by  ^  of  its  extraneous  breaking  load,  would  probably  break  down  in  about  8  years ; 
while,  with  100  daily  deflections  equal  to  that  arising  from  but  ^  of  its  breaking  load,  it  would  last 
tally  800  years.  We  are  of  the  opinion  that  a  bridge  should  not  have  a  safety  of  /ass  than  4  for  its 
max  extraneous  load,  and  Its  ow»  w«lftht»  combined;  nor  do  we  see  any  use  in  exceeding  6.  From . 
4  to  5  may  be  used  iu  temporary  structures,  or  in  those  rarely  exposed  to  maximum  strains ;  sod  « in 
more  important  ones  frequently  so  exposed.  The  last  will  (roughly  speaking)  generally  give  a  safety 
of  about  t  against  reaobim;  the  elaaae  strength,  which  is  the  true  guide  in  such  matten.  But  4,  6, 
Ac,  asualU  refer  to  tbe  Tiltlwtft  or  breaking-down  stirength ;  so  that  a  trass  with  saeli  •  safety 
•r  S  woald  in  faet  be  very  unsale. 

On  the  camber  of  trnss  brldigres.  In  practice,  the  upper  and 
lower  chords  of  bridges  are  not  made  perfectly  straight,  bat  are  curved  slightly  up- 
ward ;  and  this*  curve  is  called  the  camber  of  the  truss  or  bridge.  Its  object  is  to 
prevent  the  truss  from  bending  down  below  a  hor  line  when  heavily  l«)aded.  A  cam- 
b^red  chord  is  of  coarse  longer  than  a  straight  line  uniting  its  ends  ;  but  in  practice 
the  camber  is  so  small  that  this  dilT  is  inappreciable,  and  may  be  entirely  neglected. 
Bat  when  the  chords  are  cambered,  (see  y  »  and  c  d,  Fig  51,)  they  become  concentric 
arcs  of  two  large  circles,  of  which  the  center  is  at  t;  and  the  upper  one  plainly  be- 
comes longer  than  the  lower,  to  an  extent  which,  although  much  exaggerated  in  our 
fig,  cannot  be  overlooked  in  practice.  The  verticals,  instead  of  remaining  truly  vert, 
become  portions  of  radii  of  the  aforesaid  large  circles ;  and  although  their  lengths 
remain  the  same,  yet  their  tops  become  a  little  farther  apart  than  their  feet ;  and 
this  renders  it  necessary  to  lengthen  the  obliques  or  diags  a  trifle.  Therefore,  we 
must  find  how  great  is  this  increatw  of  length  of  the  apper  chord  beyond  the  lower 
one ;  and  divide  it  equally  among  all  the  panels,  along  said  chord ;  otherwise  the 
several  parts  of  the  truss  will  not  fit  accurately  together. 

1st.  To  ftnil  tbe  ainonnt  of  camber  of  tbe  lower  cbord.  Di- 
vide the  8i>an  in  feet,  (measured  from  center  to  center  of  the  outer  panel -points,) 
by  50.    The  qaot  will  be  a  sufficient  camber, in  inches;  as  shown  in  the  following 


Table  of  cambers  for  brld^re  trusses 

Span. 
Feet. 

Camber, 
ius. 

1^.- 

Oamber. 

Ins. 

vzi- 

Camber, 
ins. 

25 
50 
15 

05 
1.0 
L5 

100 
150 

aoo 

2.0 
S.0 
4.0 

250 
300 
i50 

5.0 
6.0 
7.0 

>  1.  It  is  by  no  means  necessary  to  adhere  strictly  to  ibis  rule ;  and  the 
camber  by  experienced  builders  of  iron  bridges  is  often  but  one-half  the 
above,  or  1  inch  per  100  ft  of  span. 

Bern.  2.  A  well  built  bridge  of  good  design  should  not,  under  its  greatest 
load,  deflect  more  than  about  1  inch  for  each  100  feet  of  its  span.  The  deflec- 
tioii  is  firequentlj  much  lees  than  this. 

3d.   To  And  tbe  Increase  of  lenirtb  In  tbe  n|iper  cbord. 

beyond  the  lower  one,  having  the  span;  the  depth  of  truss;  and  the  camber;  (all 
in  feet,  or  all  in  ins.) 

With  any  oamber  not  exoeeding  JL  6t  the  span ;  (which,  however,  Is  about  7  times  as  great  as  is 
Qsnally  given  to  trusses ;)  mult  together  the  depth  of  truss,  the  camber,  and  the  number  8 :  div  the 
prod  by  ths  apan.  Tbe  qaot  will  be  the  inerease,  in  ft,  or  la  ins,  as  the  eMemay  be.  Or  as  a  foraala. 


/aeraoss  in  ft, 
or  in  ina, 


Min/eti:  er 
all  in  inch«M. 


depth  X  eamhw  X  8 
tpan. 

This  rule  may  be  considered  practically  perfect  with  any  camber  not  exceeding  -5*5 
of  the  span.  Bi&ed  upon  this  principle,  we  have  prepared  the  following  table,  which 
may  be  used  instead  of  making  the  above  calculations. 
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Table  for  finding  Inerease  of  lenirtli  of  upper  chord  beyond 
lower  one. 


Depth 

of 
Truss. 

Molt 

Camber 

by 

Depth 

of 
Truss. 

Holt 

Camber 

by 

Depth 

of 
Truss. 

Mult 

Camber 

by 

Truss. 

ICuU 

Camber 

by 

2.00 
1.60 
1.33 
1.16 

Mspan. 

IW 
411 " 

1.00 

.888 
.800 
.727 

1-12  span. 
1-13    •• 

114  " 

115  " 

.666 
.614 
.571 
.533 

1-16  span. 
117    " 
1-18    '* 
1-20    " 

.500 
.470 
.444 
.400 

Ex.  How  much  longer  is  the  upper  chord  thau  the  lower  one,  when  the  depth  of 
the  truss  is  ^  of  the  span ;  and  the  camber  5  ins?  Here  in  the  table,  and  opposite  \ 
span,  we  And  the  multiplier  1.15.    Therefore,  5  ins  X  1.15  =  5.75  ins,  Ans.  If  the 

6.75 
truss  has  say  8  panels,  then  — g-  =»  .72  inch  of  this  increase  must  be  giyen  to  eadi 

panel,  along  the  upper  chord. 

The  lengrth  of  a  dlafc.  or  obllqne,  h  c,  Fig  50,  may  readily  be  found 
thus:  Let  axnc  in  this  fig  represent  a  panel  when  there 
is  no  camber ;  theu  ob  nc  will  represent  a  panel  when 
there  is  a  camber ;  and  o  a  and  <  b  together  are  the 
portion  of  the  increased  length  of  upper  chord  given  to 
each  panel ;  but  to  an  exaggerated  scale.  Now,  to  find 
b  c,  we  liave  the  right-angl^  triangle  a  6  e,  in  which  we 
know  the  side  a  c,  (the  depth  of  truss ;)  and  the  side  a  6, 
(equal  to  the  panel  width  c  n  on  the  lower  chord ;  added 
to  «  6,  or  half  the  portion  of  the  increased  length  ol 
upper  chord  given  to  one  panel.)  Hence,  we  have  only 
tu  square  each  of  those  two  sides;  add  the  two  squares 
together ;  and  take  the  sq  rt  of  the  sum.  This  sq  rt  is  b  c. 

Example.  Span  200  ft.  Height  (a  c)  of  truss  }A  of  the 
span,  or  25  ft,  or  30O  ins.  Camber  5  ins ;  10  panels  each 
20  ft,  or  240  ins,  (c  n,)  measured  on  th«  lower  chord  or 
span.  Now,  the  height  being  ^^  of  the  span,  the  increase 
of  length  of  upper  chord  will  be  equal  to  the  camber,  5  ins ;  and  this  divided  among 

10  panels,  will  be  —  =  .5  inch  to  each  panel ;  or  o  6  will  be  .5  inch  longer  than  en; 

and  o  a  and  s  b  will  each  be  .25  inch.    Hence,  in  the  right-angled  triangle  a  6  c,  we 
have  a  6  =  240.25  ins :  and  a  c  =  300  ins.    Hence, 


bc=  ^al/^  +  ad^^  ^  67720.0625  +  90000  =  ^  147720.0625  =  384.344  ins ; 

or  32  ft,  .344  ins.    Without  any  camber,  6  c  would  be  in  the  position  <  c,  which  is  32 
ft,  .187  ins  long;  or  .157  of  an  inch  (about  )^  inch)  shorter  than  b  c. 

An  error  to  this  extent  would  prore  seriously  inconvenieot  if  the  oblique  wer«  a  cast-iron  atmt 
with  carefully  planed  ends,  Intended  to  fit  closely  between  planed  bearings  at  the  chords  ;  or  a  bar 
with  a  drilled  hole  at  each  end  for  fitting  over  pins  whose  posiUoa  was  fixed  and  ua^terable.  In 
many  oases,  as  when  the  obliques  are  merely  rods  with  screw-enda,  it  is  only  neoesaarj  to  be  «ur« 
that  they  are  long  enough ;  because  their  exact  length  can  then  be  adjusted  when  put  lutft  place  br 
means  of  the  nuU  on  their  ends.  So  also  when  the  obliques  or  other  pieces  are  fiat  bars  Intended  to  be 
bolted  or  rireted  to  the  sides  of  the  chorda ;  for  the  final  rivet  boles  may  be  made  when  the  pieoes 
come  tfr  be  flually  fitted  in  plaee.  In  the  oaM  of  wooden  obliques,  Ac,  if  too  long,  they  can  r^idllr  be 
reduced  by  ttw  saw  or  oliisel. 

When  the  panels  are  all  of  one  size,  as  is  generally  the  case,  it  is  usual  for  bnildere 
to  draw  one  of  them  full  size  on  a  board  platform  or  floor,  to  guide  in  fitting  tfa« 
parts  together. 

Ill  ralslngr  a  trass,  or  in  other  words,  when  putting  its  parts  together  in 
their  proper  position  on  the  abutments  and  piers,  a  scaffold  or  false-worhs, 
must  first  be  erected  for  sustaining  the  parts  until  they  are  Joined  together  so  as  to 
form  the  complete  self-sustaining  truss.  Upon  the  false  works  the  bottom  chords 
nre  first  laid  as  nearly  level  as  may  be ;  and  the  top  chords  are  then  raised  opon  tem- 
porary supports  which  foot  upon  the  one  that  carries  the  lower  chord.  The  upper 
chords  are  at  first  placed  a  few  inches  higher  than  their  final  position,  or  than  the 
true  height  of  the  truss,  in  order  that  the  obliques  and  verts  may  be  readily  slipped 
into  place.  After  this  is  done,  the  top  chords  are  gradually  let  down  until  all  rests 
upon  the  lower  chords.  The  screws  are  then  gradually  tightened  to  bring  all  the 
surfw:^  of  the  joints  into  their  proper  contact ;  and  by  this  opcrntion  (the  upDer 
Chord  being  supposed  to  have  the  increased  length  given  by  the  foregoing  mle)  the 
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camber,  as  it  wore,  forms  itself;  and  lifts  the  lower  chorJs  clear  off  from  their  falsfr 
works ;  leaving  the  truss  resting  only  upon  the  abuts  or  piers,  as  the  otse  may  be. 

As  n  support  for  the  falseworks  Ihemselves  on  soft  bottoms  piles 
may  be  driven,  tu  which  the  upriglits  of  the  falseworks  may  be  notched  and  bolted 
or  banded.  In  some  cases,  as  of  ruck  bottom  in  a  strung  current,  it  may  become 
expedient  to  sink  cribs  filled  with  stone,  as  a  suppoit  for  the  falseworks. 

The  falseworks  should  be  well  protected  by  fender-piles  or  otherwise  from  passing 
boats,  ice  and  other  floating  bodies,  especially  in  positions  liable  to  sudden  floods ; 
and  numerous  accidents  have  shown  the  expediency  of  guarding  the  uuflnished 
truss  itself  against  liiiirli  Winds.  This  last  remark  applies  as  well  to  roofs  as  to 
bridges ;  and  is  too  frequently  neglected. 


To  prevent  an  OTerturninir  tendency  in  a  whole  tmss  when  it  is 
not  high  enough  to  admit  of  being  horizontally  braced  overhead,  we  may  inti-odi.ce 
wooden  knees,  or  short  straight  struts  or  ties,  of  either  wood  or  iron ;  which  may 
foot  upon  the  cross-girders  of  the  floor;  and  head  against  either  som«  of  the  web 
members,  or  the  upper  chord.  These  braces  or  ties  may  be  placed  either  between 
the  two  trusses  of  a  span ;  or  outside  of  them :  or  both.  When  outside,  some  of  the 
floor-girders  may  be  lengthened  out  a  few  feet  beyond  the  lower  chord,  for  receiving 
the  feet  of  the  braces  or  ties. 


The  clear  distance  apart  of  the  trasses  in  railroad  bridges  for  4  ft  8>^ 
jnch  gauge,  is  generally  made  not  less  than  14  or  15  ft,  and  26  or  28  ft,  respectiveiy, 
fur  single  and  double  track,  in  through  bridges;  and  11  or  12  ft,  and  16  ft,  respec* 
tively,  in  deck  bridges.  For  lateral  stability,  In  lon§r  spans,  the  distance  be* 
tween  centers  of  trusses  is  generally  made  not  less  than  one-twentieth  of  the  span 

A  headwajr  of  18  to  20  ft  should  be  allowed  for  cleai'ing  smoke-stacks,  &c. 
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Flooi>8ri'd®i*  not  exceeding  14  ft  clear  span,  may  be  8  ins,  by  16  inn  deep; 
and  placed  not  more  than  about  2}/^  ft  apart  from  center  to  center.  Upon  them 
•hould  be  notched  and  tpiked  stout  string-pieces,  say  12''  wide,  by  9"  deep,  to  cany 
the  rails;  and  to  distribute  the  pressure  of  the  load. 

Hor  fllaur  braelntr  for  diminishing  lateral  motion,  can  be  used  only  under 
the  floors  of  low  bridges ;  but  In  high  ones  it  is  introduced  also  at  the  top  of  the 
trusstM.  When  of  timber,  these  braces  are  about  4  to  ti  inches  thick ;  by  6  to  9  deep ; 
and  form  a  hor  cross  between  each  two  opposite  panels  of  the  two  trusses.  If  the 
bridge  is  roofed,  and  haa  girders  r,  Figs  36,  56^  upon  and  well  secured  to  the  ui^r 
chords  c  c,  the  upper  lateral  bracing  may  consist  simply  of  4  iron  rods  n  n,  passing 
through  the  chords  about  midway  of  their  depth ;  and  having  heads  and  washers  on 
their  outer  side^.  At  the  center  of  the  cross  the  rods  terminate  in  an  adjusting-ring; 
see  No  14,  of  page  683.  In  a  bridge  of  160  ft  span,  these  rods  need  not  exceed  % 
inch  diam  at  the  center  panel,  and  1^  at  the  end  ones.  If  the  bridge  is  high,  ana 
not  roofed,  but  open  at  top,  then  cross-struts  r  r,  Figs  66^^,  must  be  inserted  pur- 
posely, when  this  rod-bracing  is  used.  If  it  is  also  used  at  the  lower  chords,  the  floor- 
girders  perform  the  duty  of  these  struts.  Iron-bracing  is  not  liable  to  catch  fire 
from  the  locomotives. 

A  favorite  mode  of  lateral  bracing,  W,  resembles  a  Howe 

truss  laid  flat  on  its  side.  In  it  the  diags  of  the  cross  are  stmts  of  timber;  and  the 
pieces  r  r  are  round  rods.  One  of  the  struts  is  whole,  ¥rith  the  exception  of  a  slight 
mortice  on  each  vert  side,  at  its  center,  for  receiving  tenons  cut  on  the  inner  ends  of 
the  two  pieces  which  comi)ose  the  other  diag.  At  the  sides  of  the  chords,  the  ends 
of  ttie  diags  rest  upon  a  ledge,  (shown  by 
the  dotted  line  i  t,)  about  1*^  ins  wide,  cast 
at  the  bottom  of  the  cftst-iron  angle-block. 
The  tie-rod  r  r,  passing  through  the  chords 
of  both  trusses,  being  tightened  by  means 
of  the  nut  s,  holds  the  diags  firmly  in  place ; 
and  in  case  of  their  shrinking  a  little  in 
time,  can  be  again  tightened  up  by  the  same 
meani. 

Various  modifications  of  these  methods 
are  in  use ;  but  we  cannot  afford  them  space  vig,  o6>^ 

liere.    The  cast  anglo-block  is  as  deep  as  a 

brace;  its  thickness  need  not  exceed  ^  inch,  in  a  large  bridge.  The  dark  triangle  it 
a  top  view  of  it.    It  has  holes  for  the  passage  of  the  rod  r  r. 


Art.  25.  Iiefiffrtlieiilnfr-searfti.spileeft.  or  Joints.  The  lower  chords 

of  bridges,  being  exposed  to  great  pulling  strains,  require  much  care  in  connecting 
together  the  ends  of  the  several  pieces  of  which  they  are  composed.  There  is  mncn 
uncertainty  regarding  the  strength  of  the  joint-fastenings  in  common  use  for  this 
purpose.  Experiments  on  the  subject  are  much  needed.  When  only  two  pieces,  as 
t  and  y,  Fig  67,  or  68,  are  joined  by  any  of  the  ordinary  methods,  it  is  probably  not 
safe  t(i  depend  on  their  possessing  more  than  ^  of  the  tensile  strengm  of  a  single 
solid  beam  of  equal  cross-section.  When  the  chord,  as  in  Fig  69,  is  composed  of  two 
parallel  parts  a  a,  n  n,  made  up  of  long  pieces,  bi-eaking  Joint  with  each  other,  as  at 
J  J  J,  each  of  the  two  parts  may  be  made  somewhat  stronger  than  either  one  of 
tnem  would  be  by  itself.    This  is  owing  to  the  opportunity  afforded  of  connecting 
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them  also  by  bolts  h  6,  and  packing-blocks,  cr.  of  wood  or  iron,  intermediate  of  the 
joints  jjf  Ac.  By  this  means  the  strength  of  the  entire  chord  may  probably  be  prac* 
tically  rendered  equal  to  one-half  of  what  it  would  be  if  solid.  If  the  chord  con- 
sists of  3  or  4  parallel  parts,  of  long  pieces,  breaking  Joint,  and  connected  in  the 
same  way,  it  will  probably  have  about  %  of  the  strength  of  the  solid.  Care  must 
of  coarse  be  taken  that' the  serviceable  area  of  the  pieces  shall  not  be  reduced  at  any 
intermediate  point,  to  less  than  it  is  at  the  joints. 


C  ^ 

Fig.eOb. 

Fig  58  is  a  simple  and  eflScient  form  of  scarf.  Its  length  t*  t  may  be  about  3  to  4 
times  the  greatest  transverse  dimension  of  the  beam.  At  the  center  is  a  block  t  of 
hard  wood,  with  a  thickness  equal  to  %  that  of  the  beam ;  a  width  of  2  or  3  times  its 
thickness;  and  a  length  Just  nifflcient  to  reach  entirely  through  the  beam.  The 
beams  are  connected  by  4  screw-bolts  nn;  or  by  8  of  them,  if  the  lepgth  requires  it. 
Plates  of  stout  rolled  iron,  aOjCCy  with  their  ends  bent  down  into  the  beams,  are 
occasionally  added.  These  require  bolts  o  o,  beyond  the  ends  1 1*  of  the  scarf.  These 
bolts  are  not  shown  in  the  side  view. 

Fig  57  is  another  (excellent  Joint  with  9plicing-b1ock$  e  «,  instead  of  the  block  t  of 
Fig  58.  The  indentations,  v  v,  may  each  be  about  %  as  deep  as  the  beam  is  thick. 
The  length  of  each  splice-block,  about  6  times  $  x.  From  4  to  8  screw-bolts,  as  the 
case  may  require.    Length  of  each  indent  about  %  that  of  the  block  itself. 

Fig  60  is  a  joint  formed  by  two  flat  iron  links  or  rings,  1 1,  let  flush  into  the  tim- 
bers, and  retained  in  place  by  spikes.  The  iron  may  vary  from  J^  to  1  inch  in  thick- 
ness ;  from  1  to  4  or  5  ins  in  width ;  and  2  to  6  ft  in  length,  as  occasion  may  reqriw. 

Fig  60  6,  is  a  Joint  formed  by  two  blocks,  cc,  of  hard  wood,  passing  through  the 
timbers ;  and  connected  by  bolts,  a  a,nn. 

In  Fig  60  a,  <<  are  cast-iron  packing-blocks,  sometimes  used  instead  of  plain  wooden 
ones,  at  points  b  6,  Fig  59,  intermediate  of  the  Joints  jf;.  The  openings  in  the  centers 
of  the  blocks  are  needed  only  when  vertical  truss-rods  have  to  pass  through  those 
points.  At  e  e,  of  the  same  flg,  is  shown  another  form,  much  uaed  in  chords  composed 
of  two  or  more  parallel  strings.  Both  these  are  as  deep  as  the  chord:  and  their 
cross-sections,  or  end  views  shown  in  the  fig,  may  be  from  4  to  10  ins  long;  2  to  4  ins 
wide;  and  from  ^  to  1}^  ins  thick;  according  to  size  of  bridge,  Ac. 

Rem.  In  selecting  hard  wood  for  spl icing-blocks,  treenails,  or  for  any  part  of  a 
bridge,  it  is  well  to  remember  that  the  oaks  when  in  contact  with  the  pines,  expedite 
the  deca;f  of  the  latter;  therefore,  it  is  generally  better  to  employ  the  best  southern 
yellow  pine  heart  wood  for  such  blocks,  Ac,  or  interpose  sheet  iron.* 

•  The  tendeuoj  of  some  kioda  of  timber  to  produce  rapid  deoay  when  brought  into  oloM  contaet 

44  Digitized  by  VjW^  VIC 


612 


TRUSSES. 


Eye-B»rs  and  Pins.  The  lower  ehords  of  iron  brUi^res  usually 

couiUt  of  flat  link*  or  bars  e  and  o,  W  and  H,  Pign  81  on  edjre  and  connected  by  tigbt-fluiog  wronghw 
Iron  pfns  h  and  P.  After  deciding  on  the  site  of  tbe  body  W  or  H  of  the  bar*  to  bear  tafely  the  poll 
upon  them,  the  proper  proportioning  of  their  bemda  or  eyes  and  pinii  is  an  abstruse  and  difflcalt  point 
upon  which  much  has  been  written.  It  was  formerly  supposed  that  tbe  diam  of  the  pin  should  be 
governed  by  its  reaistatkoe  to  shearing,  but  experience  has  shown  that  this  was  entirvly  insufficient. 


Figs.  61. 


P 

ipiii  I  n|irii  o: 

c    n  y  Ml 

ypii  Ti  fffm!!   c 

e    |ip|r.  ■[  Biu 


We  give  a  table  of  practical  eonelusioos  arrived  at  \jj  that  accomplished  expert,  Chs.  Sbater  Smith, 
from  111  experiments  by  himself  on  a  working  scale.  The  tattle  shbws  some  irregularities,  for  as  Mr. 
Smith  remarks  "  the  bars  deolioed  to  break  by  formula."  Tbe  pin  is  more  strained  at  the  outer  linb 
o  o  than  at  the  inner  ones  e  e  o,  so  that  the  latter  would  not  require  so  large  a  diam,  bat  that  this 
mast  be  uniform  throughout  in  order  to  secure  tight  fitting  for  all  of  them.  When  web  monbera  as 
well  as  chords  are  held  by  tbe  same  pin  tbe  diam  and  head  must  be  proportioned  for  that  bar  of  them 
all  which  is  most  strained. .  When  the  heads  are  made  by  pressure  in  one  piece  with  the  body,  ttie 
metal  v  «  and  tt  x  at  the  sides  of  the  pin  b  most  be  wider  than  wheo  tiM  beate  m*  flm  atade  in  sepa- 
rate pieces  by  hammering  and  then  welded  to  the  body.  Bat  the  welded  one  W  requires  more  iron 
hack  of  the  pin  as  shown  at  I  (.    This  width  1 1  most  be  equal  to  the  d&OB  of  tbe  pin.* 

Tile  links  are  snpposed  to  be  of  nnlfoms  ttUekness. 

Havine  drawn  a  circle  b  for  the  pin,  lay  otf  on  each  side  of  it  as  at  t; «,  tc  a;,  ht^f 
the  widtn  of  metal  in  the  table  for  the  head  of  W  or  H  as  the  case  may  be. 
Then  for  forming  the  head  of  H  use  only  the  rad  b  s  as  shown.  For  the  head  of 
W  lay  off  also  I  i  =  diam  of  pin.  Find  by  trial  the  rad  gnorgt  and  use  it,  except 
for  uniting  the  head  to  the  body,  where  use  a  rad  =  1.5  ^  n  as  shown. 


Metal  in  head 

MeUl  In  bead 

Width 

Thicks. 

Diam. 

across  pin. 

Width 

Thicks. 

Diam. 

across  pin. 

of  bar. 

of  bar. 

of  pin.  , 

W. 

H. 

of  bar. 

of  bar. 

of  pin. 

W. 

H. 

.2 

.67 

1.33 

1.50 

.55 

1.28 

l!& 

1.60 

.25 

.77 

1.33 

1.50 

.60 

1.36 

1.72 

.30 

.86 

1.40 

1.50 

.65 

1.43 

1.60 

1.76 

.35 

.95 

1.50 

1.50 

.70 

1J50 

1.67 

1.85 

.40 

1.04 

•1.50 

1.50 

.80 

\M 

1.67 

195 

.45 

1.12 

1.60 

1.53 

.90 

177 

170 

2.06 

.50 

1.20 

1.50 

1.56 

1.00 

1.90 

1.76 

2.21 

Art.  26.  FiifS  62  exblblt  Joints  adapted  to  most  of  the  cases  that 
occur  in  practice  with  wooden  beams,  &c.  They  need  but  little  explanation.  Fig  a 
is  a  good  mode  of  splicing  a  post ;  in  doing  which  tbe  line  o  o«houId  nerer  be  in- 
clincK]  or  sloped,  but  be  maae  vert;  otherwise,  in  cnse  of  shrinkage,  or  of  great 
pressure,  the  parts  on  each  side  of  it  tend  to  J^lide  along  each  other,  and  thus  bring 
a  great  strain  upon  the  bolts.  When  greater  strength  is  reqd,  iron  hoops  may  be 
used,  as  at  b,  K  andj,  instead  of  bolts.  Fig  h.  a  post  spliced  by  4  fishing  pieces: 
which  may  be  fastened  either  J)y  bolts,  as  in  the  up])cr  part ;  or  by  hoops,  as  in  the 
lower.  The  lM)ops  may  be  tightened  by  flanges  and  screws,  as  at  s  j  or  thin  iron 
wedges  may  be  driven  between  them  and  the  timbers,  if  necessary.  Fig'  C  showt*  a 
good  strong  sirrangement  for  uniting  a  straining-beam  A*,  a  rafter  f,  and  a  queen-poet 
u ;  by  letting  k  and  I  abut  against  each  other,  and  confining  them  between  a  double 
queen-poet  tt\nn  are  two  blocks  through  which  the  bolts  pass.  A  similar  arrange- 
ment is  equally  good  for  uniting  the  tie-beam  w,  with  the  foot  d,  of  the  queens ;  with 
the  addition  of  a  strap,  as  in  the  fig.  Fig  e  is  a  method  of  fhiming  one  beam  into 
another,  at  right  angles  to  it.  An  iron  stlrrnp.  as  at/,  may  be  nsed  for  the 
same  purpose ;  and  is  stronger.  Figs  g  /i,  i  j  are  bnilt  beams.  When  a  beam 
or  girder  of  great  depth  is  required,  if  we  obtain  it  by  merely  laying  one  beam  flat 

with  other  kinds.  Is  a  nubJect  of  great  practical  importance ;  but  one  which  hitherto  han  received  but 
liUle  attention.  Black  walnnt  and  cypress  are  said  to  cause  mutual  rot  within  a  year  or  twa.  O^ 
MTved  oases  of  this  kind  should  be  reported  to  tbe  leading  proftasional  joomala. 

»  The  Htrength  of  a  given  hinged>end  pillar  (see  p  4U9)  is  increased  x»  aa  important  cxUrnt  bv  an- 
larging  the  diameter  of  the  pin. 
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upon  another,  we  secure  only  ai  much  strength  ns  the  two  beams  would  have  if 
separate.'  But  if  we  prevent  them  from  flidiny  on  one  another,  by  inserting  trans- 
▼erse  blocks  or  keys,  as  at  ^;  or  by  indenting  them  into  one  another,  as  at  ij\  and 

Figs.  62. 
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then  bolt  or  strap  tliem  firmly  together  to  create  friction ;  we  obtain  nearly  the  strength 
of  a  solid  beam  uf  the  total  depth  i-  which  strength  i&  as  the  vjwirt  of  the  depth. 

The  Btreagtb  of  a  built  l>eam  is  incra&sed  by  increasiug  its  deptti  at  its  center,  where  it  is  most 
Htraiucd ;  as  in  the  upper  chords  of  a  bridge.  Tills  may  be  done  by  adding  the  triangular  strip  y  y 
between  the  two  beaui«. 

Tredgold  directs  that  the  combined  thicknesses  of  all  the  key»  be  not  less 

than  1.4  timen  the  entire  depth  of  the  girder ;  or  when  indents  are  used,  as  in  ij  ttiat  their  combined 
depths  be  at  least  %  that  or  the  girder.     If  the  girder  <i  be  inverted,  it  irill  lose  moob  of  its  strength. 

A  piece  or  plate-iruu  may  be  piaued  at  the  joints  of  timbers  when  there  is  a  great  pressure ;  which 
is  til  us  more  equalized  over  the  entire  area  of  the  joint ;  or  ca^t  iron  may  be  ased. 

Frequently  a  simple  strap  will  aot  suffice,  when  it  is  ueccssary  to  draw  the  two  timbers  very 
tightly  together.  Jn  such  cases,  one  end  of  each  strap  may,  as  at  x,  terminate  as  a  ^rew ;  and  after 
parsing  through  a  cro«s-bar  Z,  all  may  be  tightened  up  by  a  nut  at  x.  Or  the  principle  of  the  doo- 
BLK  Ksr.  shown  at  K.  may  be  applied.  Sometimes,  as  at  A,  the  liole  for  the  bolt  is  first  bored ;  theo 
a  hole  is  out  in  one  side  of  the  timber,  and  reaching  to  tbe  bolt-hole,  large  enough  to  allow  the  screw 
nut  to  be  inserted.  This  buing  done,  the  hole  is  refilled  by  a  wooden  plag,  which  holds  the  nut  in 
place.  Then  the  screw-bolt  is  inserted,  passing  throogh  the  nnu  By  turning  the  screw  the  tfmben 
may  then  be  tightened  together. 

When  the  ends  of  beams,  joisu,  Ac.  are  inserted  Into  walls  in  the  usual  square  manner,  there  is 
danger  that  in  case  of  being  burnt  in  two,  they  may,  in  falling,  overturn  the  wall.  This  may  be 
avoided  by  cutting  the  ends  into  the  shape  shown  at  m. 

When  a  strap  o.  Fig  R,  has  to  bear  a  strain  so  great  as  to  endanger  its  crushing  the  timber^,  oo 
which  it  resu,  a  casting  lilte  v  may  be  used  under  it.  The  strap  will  pass  around  the  back  r  of  the 
casting.  The  small  projections  in  the  bottom  being  notched  into  the  timber,  will  prevent  the  easting 
from  sliding  under  the  oblique  strain  of  th«  strap.  The  same  may  be  used  for  oMique  bolu,  and 
below  a  timber  as  well  as  above  it.  When  below,  it  may  become  necessary  to  bolt  or  sfrike  the  caitting 
to  the  under  side  of  the  timber.  When  the  pull  on  a  strap  is  at  right  angles  to  the  Umber,  if  then 
is  much  strain,  a  piebe  of  plate-irea,  instead  of  a  casting,  may  be  inserted  between  tlM  strap  and  ttat 
timber,  to  prevent  the  latter  from  being  crushed  or  crippled ;  see  I  and  I. 

Art.  27.     Expansion    rollers,  or  planed   iron  Slides,  or  rorfc- 

ers,  or  snspenslon-linlcs,  must  be  provided  when  an  iron  span  exceeds 
about  80  feet;  in  order  to  allow  the  trusses  to  contract  and  expand  freely 
under  changes  of  temperature,  without  undue  strain  upon  some  of  its  members. 
Figure  63  shows  the  general  arrangement  of  roll- 
ers ;  which  are  cylindei-s  of  cast  iron  or  steel,  from  3 
to  6  ins  diam ;  and  1  to  4  ft  long ;  planod  smooth.  From  _^ 
4  to  8  or  more  of  these  are  connected  together  by  a 
kind  of  framing,  n  n;  and  one  such  frame  is  placed 
under  at  least  ant  end  of  the  trass.  The  rollers  rest  q| 
upon  a  strong  planed  cast  bed-plate  oo;  bolted  to  the 
masonry  below.  Under  the  end  of  the  truss  is  a  sim- 
ilar plate  s  Sy  by  which  it  rests  on  the  rollers.  Since 
a  truss  of  even  200  ft  span  will  scarcely  change  its 
length  as  much  as  3  ins  by  extremes  of  temperature, 
the  play  of  the  rollers  is  but  small.  They  are  kept  in 
line  by  flanges  cast  along  the  side  of  the  bed-plate.  Flanges  should  also  project 
downward  from  <  «,  so  as  completely  to  protect 
the  rollers  from  dust,  lain,  Ac. 

In  Fig  64,  r  r  gives  a  general  idea  of  a  kocxer  ;  and  Fig  65i 
«  •,  of  a  sosPENSioN-LiirK.  U  U  in  each  fig  Is  aside  view  of 
a  cast-iron  Fink  upper  chord,  through  each  end  of  which 

passes  a  round  pin  o,  which  sustains  the  entire  weight  of  the  ^^^^E^^;r"^n^^B^^tai»1 

truss  and  its  load;  and  which  is  sustained  by  from  4  to  6  X^^^Kf^-^  ^^^^^^^S^'' 
rockers  or  links,  as  the  case  may  be.  In  a  railroad  bridge  of  -T,rr4f|^HMMUrm  ^^/^^^fr 
305  ft  span,  across  the  Mouongahela,  the  links  nnS^  ft  long ;     ^S^S52%:^^?^^^  ^k.  -•        ** 

and  the  pins  5  ins  diam ;  and  in  others  of  the  same  size,  over 
Barren  and  other  rivers,  the  rockers  are  a  foot  wide  ft-om  r 
to  r ;  anil  about  5  ins  wide  transversely  on  the  curved  tread 
or  rim.  For  the  accommodation  of  these  several  links  and 
rockers ;  as  well  as  of  the  various  bars  b  h,  which  constitute 
the  oblique  ties  of  a  Fink  truss;  tbe  ends  of  the  octagonal 
cast-iron  upper  chords  are  widened  out.  as  shown  by  Fig  Mi; 
which  is  a  top  view  of  a  longitudinal  section  of  such  an  end. 
The  rockers,  or  links,  and  bars,  b,  occupy  the  spaces  n  n,  Ac, 
between  the  teveral  partitions  of  the  chord :  and  the  pin  oo 

passes  through  them  all.  except  when  it  is  expedient  to         ^_  ^_        ,^    ^^^^ 

attach  some  of  the  bars  to  tbe  sideji,  or  to  tbe  top  of  the  ^■■^^^B  ^^^^^^ll 
chord,  as  at  t.    These  figs  are  intended  merely  to  illustrate        ^^^^^^^^  ^^ 

the  general  prtnciple,  wi  thou  t  regard  to  detail  of  construction . 

In  some  Rnglish  bridfces  of  considerable  size,  such  as  the 
Crumlln  Viaduct,  of  150  ft  spans :  and  the  Newark  Dyke 
bridge,  of  240  span;  (both  of  them  Warren  girders,)  and 
sustslned  like  the  fore^ing.  by  the  ends  of  the  upper 
chords ;  no  further  precaution  is  taken  with  regard  to  expan- 
•um  and  oontractlon.  than  merely  to  rest  the  ends  of  said 
m.'^.?*i''^°o""'*®'*''y  planed  iron  platen,  upon  which  they 
maysMde.    So  also  several  American  bridges.  

Fig.  ee. 


Pig.es. 


Digitized  by  VjW^S 


SUSPENSION  BRIDGES. 


615 


SUSPENSION  BEIDGES. 


Table  of  data  reqnlred  for  calealatiiiK  (he  main 
chains  or  eables  of  saspenaion  brids^es.  Original. 


Art.1. 


Deflection  Deflection 
in  parts 
of  the 
ClMrd. 


1-40 
1-85 
1-30 
1-25 
•  l-» 
1-19 
1-18 
1-17 
1-16 
1-16 
1-U 
1-13 
1-18 
111 
MO 
1-9 

..¥ 

S-30 

i2l 


H 
.4 
9-30 


Length  of 

Main  Chains 

in  Deci-     between  Sos- 

Bials  of   I  pension  Piers, 

theClkord.  in  parU  of  (he 

'       Chord. 


Tension  on  all 
the  Main 
Chains  at 
either  Suspen- 
sion Pier,  in 
parts  of  the 
entire  Sus- 
pended Wt. 

Tension  at  the 

Center  of  all 

the  Main 
Chains;  in 
parts  of  the 
entire  Sus- 
pended Wt. 
of  Uie  Bridse. 

tlonof 

theChains 

at  the 

Piers, 

Natural 
Sioeufihe 

Angle  of 
DireoUon 

of  the 
Chains,  at 
Um  Piers. 

Natural 
Cosine  of 
the  Anglr 

of  Direc- 
tion of  the 
Chains  at 
tha  Piers. 

nd  iu  Load. 

nis"- 

• 

6.00 

.0996 

.9960 

4.87 

6   81 

.1186 

.9995 

8.76 

T    86 

.1822 

J912 

8.1S 

9     6 

"» 

.9874 

S.51 

11    19 

11 

.9606 

3.88 

11    5S 

10 

.9786 

S.25 

12    82 

» 

.9762 

2.12 

18    14 

N> 

.9734 

2.00 

14      2 

a 

.9701 

1.87 

14    55 

rs 

.9663 

1.74 

15    67 

17 

.9616 

1.62 

17      6 

I] 

.9558 

1.40 

18    83 

» 

.9480 

1.87 

19    59 

18 

.9396 

1.25 

21    48 

[4 

.9285 

1.12 

23    58 

12 

.9138 

1.00 

26    33 

ri 

.8845 

.881 

29    45 

n 

.8726 

.8:i8 

80    58 

\i 

.8574 

.750 

33    41 

t7 

.8320 

.625 

38    40 

17 

.7808 

.555 

42      0 

K) 

.7433 

J)00 

46    00 

1 

.7071 

.417 

60    12 

!2 

.6401 

.876 

68      8 

10 

.6000 

.812 

58      2 

a 

.5294 

.278 

60    57 

[i 

.4855 

.250 

68    26 

A 

.4472 

These  calculations  are  based  on  the  assumption  that  the  curve  formed  by  the  main  chains  is  s 
parabola ;  which  is  not  strictljr  correct.  In  a  finished  bridfo.  the  curve  is  between  a  parabola  and« 
eaMnary ;  and  is  not  susceptible  of  a  rigorous  determination.  It  may  Save  SOIlie  trou- 
ble in  making^  the  drawinn^S  of  a  suspension  bridge,  to  remember  that  when  the 
defleeUon  does  not  exceed  about  -j^  of  the  spaa,  a  segment  of  a  circle  majr  be  used  instead  of  the 
true  curve ;  inasmuch  as  the  two  then  coincide  very  closely ;  and  the  more  so  as  the  deflection  be. 
eomes  less  than  ^V*  "^^^  dimensions  taken  tram  the  drawing  of  a  eeciBCBfc  will  anawer  all  the  pur- 
poses of  estimating  the  quantities  of  materials. 

For  some  particulars  respecting  wire  for  cables,  see  pages  412  and  419. 

The  defleetion  usnally  adopted  by  enirineers  for  great  spims  b 

about  Y^T  to  J^  the  span.  As  much  as  ■J>^  is  generally  confined  to  small  spans.  The  bridge  wiU 
be  stronger,  or  will  require  less  area  of  cable,  if  the  deflection  Is  grettter ;  but  it  then  undulates  more 
reaiiily  :  and  as  undulations  tend  to  destroy  the  bridge  by  loosening  the  join  tit,  and  bv  increasing  the 
momentum,  they  must  be  specially  guarded  against  as  much  as  possible.  The  usual  mode  of  doing 
this  Is  by  trussing  the  hand-railing ;  which  with  this  view  may  be  made  higher,  and  of  stouter  tim- 
bers tlMn  would  otherwise  be  necessary.  In  large  spans,  indeed,  it  may  be  supplanted  by  regular 
bridge- trusses,  snfllciently  high  to  be  6raoed  together  overhead,  as  in  the  Niagara  Railroad  bridge, 
where  the  trusses  are  18  ft  high ;  supporting  a  single-track  railroad  on  top ;  and  a  common  roadway 
•r  19  ft  clear  width,  below.* 

•  The  writer  believes  himself  to  have  been  the  first  person  to  suiueet  the  sddition  of  very  deep 
trasses  braced  together  transversely,  for  large  Rnspen-tinn  bridges.  Early  in  1851,  he  designed  snch 
s  bridge,  with  four  spans  of  1000  ft  each  :  and  two  of  500;  with  wire  cables :  and  trusses  20  ft  high. 
It  was  intended  tor  crossing  the  Delaware  at  Market  Street.  Philada.  It  was  publicly  exhibiud  for 
wveral  months  at  the  Franklin  Institute,  and  at  the  Merchants'  Bxchange;  and  was  finally  stolen 
from  the  hall  nf  the  tattn-.  Mr  Roebling's  Niagara  bridge,  of  800  a  span,  with  trusses  18  ft  high,  was 
not  commenced  nntll  the  latter  part  of  1862 ;  or  about  18  months  after  mine  bad  been  publicly  ex- 
hibited. 
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Another  rery  Important  aid  is  fomi4  In  doep  kwgltiidiBal  floor  tfaBbert,  firmly  anited  where  thdr 
Mids  meet  each  other.  The««  assist  by  distributing  among  s«v«ral  •Ofpeuder-rodo,  and  by  that 
means  along  a  oousideiable  length  of  msiu  cable,  the  weight  of  heavy  passing  loads ;  and  thos  pre- 
rent  the  undue  undulation  that  would  take  place  if  the  load  were  concentrated  upon  only  two  opposite 
suspenders.  With  thitf  view,  the  wooden  stringers  under  the  rails  on  ^e  Niagara  bridge  arc  made 
virtually  4  ft  deep.    The  same  principle  is  evidently  good  for  ordinary  trussed  bridges. 

Another  mode  of  relieving  the  main  cables  Is  by  means  of  eable-ttufa :  which  are  bars  of  iron,  or 
wire  ropes,  extending  like  e  jr.  Fig  1,  from  the  saddles  at  the  points  of  suspension  e,  d,  obliquely  down 
to  the  lloor,  or  to  some  part  of  the  truss.  In  the  Niagara  bridge  are  64  such  stays,  of  wire  ropes  of 
1^  inch  diam ;  the  longest  of  which  reach  more  than  quarter  way  across  the  span  from  each  tower. 
They  transfer  much  of  the  atrain  of  the  wt  of  the  bridge  and  its  lo«d  directly  to  the  saddles  at  the  top 
of  the  tcwers:  thereby  relieving  every  part  of  the  main  cable,  and  diminishing  undulation.  Thej 
end  at  e  and  d,  where  they  arc  attached,  not  to  the  cables,  but  to  the  saddles.  Tliey  of  course  do  not 
relieve  the  hack  ataya. 

The  9reate«(  danger  arises  from  tlie  aetlon  of  stronic  winds 
striking  below  the  floor,  an«l  either  liftiug  the  whole  platform,  aud  letting 
it  fall  suddenly  ;  or  imparting  to  it  vitdent  wavelike  undulations.  The  bridge  of  1010  n  span  across 
the  Ohio  at  Wheeling,  by  Charles  Bliet,  Jr,  was  destroyed  in  this  manner.  It  is  said  to  hare  nndn- 
lated  ao'ft  vertically  before  giving  way.  It  had  no  effective  guards  against  undulation  ;  for  although 
its  hand-railing  was  trussed,  it  was  too  low  and  slight  to  be  of  much  service  in  so  great  a  span. 
Many  other  bridges  have  been  either  destroyed  or  ii^nred  in  the  same  way.  When  the  height  of  the 
roadway  above  the  water  admits  of  it,  the  precaution  mar  be  adopted  of  tie-roda,  or  anchor  rods, 
under  the  floor  at  different  points  along  the  span,  and  carried  from  tlieoce,  inclining  downward,  to 
the  abutmenta,  to  which  they  should  be  very  stronglv  confined.  In  the  Niagara  Railroad  bridge  S6 
such  ties,  made  of  wire  ropes  IW  Inch  diam,  extend  diagonally  from  the  bottom  of  the  bridge,  to  the 
rocks  below.    They,  however,  detract  greatly  from  the  dignity  of  a  structure. 

If  r  Brunei,  in  some  oases,  for  checking  nndolatinna  from  violent  winds  striking  h«n««Uh  tlie  plat- 
Ibrm,  used  also  inverted  or  up-curving  cables  under  the  floor.  Their  ends  were  strongly  confined  to 
the  abuts  several  ft  below  the  platform ;  and  the  cables  were  connected  at  intervals,  with  the  plat- 
form, so  as  to  hold  it  down. 

Art.  SB*  The  angle  adg,  or  a  e  t,  Fig  1,  which  a  tang  dff  or  ci  to  the  curve  at 
either  point  of  suspensino  c  or  d,  forms  with  the  hor  line  e  <2  or  chord,  is  called  the  ang'le  Of 
direetion  of  the  main  ehains,  or  cables,  at  those  points.  Frequently  the  endi 
e*,  and  dr,  of  the  chains,  called  the  baekstajTS*  are  carried  away  fTom  the  sn^pension  pien 
in  straight  lines ;  in  which  cti<>e  the  angles  Idr,  ech,  formed  between  the  hor  line  e<  and  the  ehaia 
itself,  become  the  angles  of  direoiion  of  the  backstays. 


Twice  the  deflection  a  b 


Sine  of  aiiffle  of  direction  adg—^ 

|/  (twice  the  deflection;!  -j.  (Half  the  ehord>i 
Note  1.    The  direction  of  the  tang  dgwci,  csn  be  laid  down  on  a  drawing,  thus :  Continue  the 
line  a  ft.  making  it  twice  as  long  as  a  A :  then  lines  drawn  from  d  and  e  to  its  lower  end,  will  be  unci 
to  the  paraholio  curve  at  the  points  of  suspension. 

Note  2.  If  the  ehord  c  d(  be  not  hor,  as  sometimes  is  the  case,  the  auffie 
moKt  be  measured  from  a  hor  line  drawn  for  the  piirim^  at  each  point  of  suspension ;  as  the  two 
angles  will  in  that  case  b<^  oiteqnal,  the  piers  being  of  unequal  heights. 

Tension    on    -all     the     main         Half  the  enUre  suspended  weight  of  tb«  cissr 

chains  or  cables,  togrcther,  _  span  an$i  lu  load 

at  either  one  of  the  piers, 
c  or  df  Flgr  1. 


span  angl  iu  low 

Sine  of  angle  of  direction  a  d  g~ 


or  =  Vj>LSpan)«.f(:.  Defl)»  ^  "jiVd*S*i«r^ 


^      pended  weight  of 
a  t/eae«tioa  the  dear  apao  and 

its  load. 

Vension     on     all     the    main         Half  the  entire  suspended       r««i«.  «r  -     i-»f 
SIMin,  Vig  1*  ^'°^  **'  angle  of  direction  adg 


Half  the  entire  suspended  weicht  of  ^  ; 
^  the  clear  span  and  its  load  ^ 


Twice  the  deflection 
The  diff  between  the  tensions  at  the  middle,  and  at  the  points  of  suspension,  is  so  trifling  with  the 
proportion  of  chord  and  deflection  commonly  adopted  in  phictice,  vis,  from  about  Ju  to  JL.  that  it 
Ir.".**!'*!''^  nejilfcted  :  inasmuch  a^  the  saving  in  th^weleht  of  metal  wonld  be  folly  compensated  for 
^«n,  *"<'"'*''*''  '"*>»'•  of  manufscture  In  graduall.i^educinir  the  dimensions  of  the  chains  from  the 
^e  VLiLrJir.'^'""*u  **'''••"*  Jhe  middle:  and  in  preparing  fittings  for  parts  of  manv  diflbrent  sites. 
»  now  «uh  1?J*''  *l'l^«*«'''  »*«•»  •»»•«»«  «n  »omt  large  bridges  with  wrought-iron  main  chains;  but 
■oi»e  With  aire  cables.  Digitized  by  VjW^^V  IC 
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Art.  St  A,  A«  it  in  sometiiBes  coiiTraient  to  form  a  roogh  kl«a  nt  the  moment,  of 
the  «ise  of  cables  required  for  a  bridge,  we  ■a(ge«(  the  follewiog  rule  Ibr  ODdiag  apprajciarateiy  tbe 
area  in  sq  Ins  of  solid  iron  in  the  wire  required  to  sattain,  with  a  cafety  of  S,*  the  weight  of  the  bridge 
itself,  together  with  an  extrsneoos  load  of  1.205  tons  per  fDot  run  of  span ;  whieh  oorresponda  (o  IM 
lbs  per  sq  ft  of  platform  of  27  ft  eteor  avatlabU  width.  This  ■uflleee  for  a  double  carriage<way.  and 
two  footwajs.  The  deflection  is  assumed  at  -Aj  of  the  span ;  and  the  wire  to  have  an  ultimate 
strength  of  36  faobs  jguf  polid  square  inch,  as  per  table,  page  412 ;  and  which  can  be  procured  without 

diiBenity.   Fov  spRiiS  of  100  ft  or  inore, 

Bin.x.  Mntt  tlie  span  in  fleet,  hj  the  sqnare  root  of  the  spaD.  Dlrlde  the  prod  bj  100.  To  the 
qnot  add  the  sq  rt  of  the  span.    Or,  as  a  formula, 

ilrea  o/ solid  metal  of  cM  tpan  X  »qrt  oftipm^ 

the  cablet ;  in  square  in«;    =r  ■        -^  M^rt  o/apoM, 

/or  aparu  over  100  feet  100 

For  span*  leae  than  100  feet,  proportion  the  area  to  that  at  100  ft 
If  a  defl  of  ^jf  Is  adopted  instead  of  -^^  the  area  of  the  eabtes  may  be  redneed  very  nearly  ^  part- 

Tke  IMIowlngr  table  is  drawn  a  p.  from  this  rnle.    The  3d  col 

gt^es  the  united  areas  of  all  the  aetual  wire  cables,  when  made  up,  Including  voids.    (Original.) 


Feet. 

Solid  Iron 

In  all  the 

Cables. 

Areas  of 
all  the 
Finished 
Cables. 

Span 
FeSt. 

Solid  Iron 
in  all  the 
Oables. 

Areas  of 
all  the 
Finished 
Cables. 

Feet. 

Solid  Iron 
in  all  the 
Cables. 

Areas  of 
all  the 

Finished 
Cables. 

1000 
900 
800 
700 
600 
600 

8q.  Ins. 

348 
300 
254 
212 

ni 

1S4 

Sq.  Ins. 
446 
885 
326 
272 
219 
172 

400 
350 
800 
250 
200 
175 

Sq.  Ins. 

100 
84 
69 
55 
42 
86.4 

Sq.  Ins. 

128 
106 

89 

tl 

54 

46.7 

150 
125 
100 
75 
50 
25 

Sq.  Ins. 
80.6 
25.2 
20 
15 
10 
5 

Sq.  Ins. 
89.2 
82.8 
26.6 
19.t 
12.8 
6.4 

Harfng  the  areas  of  all  the  actual  oables,  we  can  readily  find  their  diam.  Thns,  sappoee  with  i 
•pan  of  500  ft,  we  intend  to  use  four  cables.    Then  the  area  of  each  of  them  will  he  —  =  43  sq  ins ; 

and  from  the  table  of  circles.  we  see  that  the  corresponding  diam  is  fell  1%  ins. 

The  above  areas  are  supposed  to  allow  for  the  increased  wt  of  a  depth  of  truss,  and  other  additions 
ne<iessary  to  secure  the  bridge  trom  violent  winds,  and  ft'om  undue  vibrations  from  passing  loads. 

When  these  consideration!!  are  neglected,  and  a  less  maximum  load  assumed,  the  following  descrip- 
tlons  of  the  Wheeling  and  Freyburg  bridges  f^hnw  whnt  reductions  are  pracUeable.  Weight,  solfi- 
eiently  provided  for,  is  of  great  service  in  reaucing  undulation. 


•  The  writer  must  not  be  understood  to  advocate  a  safety  of  3  against  100  lbs  per  sq  ft,  in  addition 
fo  the  weight  of  the  bridge,  In  all  cases.  He  believes  that  limit  to  be  about  a  sutBoient  one  for  a  pro- 
perly designed  wire  suspension  bridge  for  ordinary  travel ;  but  for  an  Important  railroad  bridge,  he 
wnntd  faooordlne  to  position,  exposure,  *c)  adopt  a  safetv  of  at  least  firom  4  to  6  against  the  greatest 
possible  load,  added  to  the  wt  of  the  bridge.  A  train  of  cars  oppoeee  a  great  serfaoe  to  the  aoUon  of 
side  winds ;  and  trains  must  run  during  violent  storms,  as  well  as  during  calms ;  but  a  large  open 
bridge  for  oomnton  travel  is  not  likely  to  be  densely  crowded  with  people  during  a  severe  storm. 
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Art.  3.  Temiioii  on  the  ImekHRtajra,  «  h  and  dr,Viis  1«  and 
strains  on  the  piers,  or  towei-s,  or  pillars.  If  the  augle  of  direction  ady  and 
the  angle  Idr,  between  the  baok-«tars  and  the  boriEootol,  are  equal  to  each  other,  the  tension  on  th« 
iMCk-staya  will  be  equal  to  that  on  the  main  cablea  at  the  topt  of  the  piers;  and  the  prensure  ou  tbe 
ptera  will  be  vertical ;  but  If  the  two  angles  are  unequal,  theu  the«e  tensions  and  pressures  will  de- 
pend, to  a  very  important  extent,  upon  tbe  nutnner  in  which  the  chains  or  cables  are  fixed  to,  or  laid 
.p<«,tb...pi.t,h.p.er..  ^^^^_     I«ri^ 

2,  3  and  4,  the  piers 
dttM  are  supposed  to  be  im- 
movable; MHd  the  cables 
kdu,  pasMlng  over  tbem. 
rest  immediately  npon  hori- 
xontal  rollers,  toAicAAave  mo 
other  motion  than  tk<U  of  re- 
volving  abotit  their  Marixon- 
tal  cat*  ;  the  frame  to  wMieM 
tkejf  are  attached  betng  bolt- 
ed to  the  tep  of  the  pimr.  On 
these  rollers  the  cables  slide, 
when  changes  of  loading 
or  or  temperature  produce 
changes  in  their  directions. 
In  t^is  case    tbe    t«n* 

slonontlie  Im»«Bc* 

stays  is  equal  to  th»t  on 
the  main  cable.  See  Ponie- 
nlar  Machine. 

To  Bnd  the  direction  and 
amount  of  tbeOr eSS  U  ro 

on  the  nier ;  from  a. 

Fig  2.  3  or  4.  la.v  off  d  s  and 
d  r,  each  equal,  hj  scale,  to 
the  tension.  In  tons,  on  Uie 
main  chain  at  d ;  and  from  < 
and  r  lay  It  off  to  «.  In  other 
words,  draw  the  parallelo- 
gram dtvr,  and  its  dingonal 
d  V.  Then  will  d  v  give  tbe 
direction  ami  nmonnt  of  the 
pressure  upon  the  pier. 

When,  as  in  Pig  2,  the 
angles  adg  and  Id  h  are 
r9ua(,  the  pressure  d  v  will 
\te  vertical,  and  equal  to  the. 
entire  weight  or  the  clear 
spnu  and  its  load. 

When,  us  in  Figs  S  and  «. 
the  angles  adg  and  Idu  are 
une<iutU,  the  pressure  d  9 
will  unt  be  vertical,  but  will 
incline  rrom  d  toward  the 
siualler  angle. 
When,  as  in  Fig  3,  a  d  9  exceeds  ( d  «,  tbe  pressure  d  v  will  be  leu  than  tbe  eutire  weight  of  the 
elrar  sipan  and  its  load. 

When,  as  in  Fig  4,  {  d  u  exceeds  a  d 9,  the  pressure  d  p  will  l>e  yrea<er  than  the  entire  weight  of  the 
clear  span  and  its  load. 

ir  we  suppose  symmetrical  piers,  d  n  m,  to  be  nsed  In  each  esse,  tbe  base  m  n  or  that  in  Pig  2,  may 
be  much  narrower  than  in  the  other  two  Sgs ;  because,  the  direction  of  d  »  being  vertical,  tbe  preasore 
hss  no  tendency  to  overturn  the  pier.  In  Pig  2,  tbe  masonry  or  the  pier  should  be  laid  In  the  usual 
horizontal  courses,  in  order  that  its  bed  Joints  may  be  atyig'ht  angles  to  the  pressure  upon  them. 

But,  In  Pigs  .3  and  4,  irthe  bases  were  made  as  narro«ras  in  Pig  2.  the  lines  nr  direction  do,  of  the 
pressure,  would  fall  outside  of  them  ;  and  the  piers  would  consequently  be  in  danger  of  overturning. 
Also,  the  stones  of  tbe  masonry,  if  laid  in  horizontal  courses,  would  have  a  tendency  to  slide  on  each 
other.    To  preveut  this,  the  beds  should  be  at  right  angles  to  d  v. 

In  Fig  3.  the  obliquitv  of  the  pressure  would  tend  to  slide  the  base  of  the  pier  outward  as  shown 
br  tbe  arrow ;  but  in  Pig  4,  inward.  This  tendency  is  produced  by  the  horizontal  component  or  the 
force  d  0.  The  amount  of  this  may  be  Found  thus.  In  either  flg :  Prom  d  downward  draw  a  vert  line 
as  in  Pig  4;  and  rrom  v  a  hor  one.  meeting  it  in  *,  then  r  s,  measured  by  the  same  scale  or  tons  ss 
berore,  will  give  this  horizontal  force,  aud  d  *  will  give  the  vertical  component  of  the  pressure  d  9. 
The  effect  upon  the  pier,  of  the  one  pressure  d  v  is  precisely  the  same  as  would  be  produced  U|ion  it  by 
one  vertical  force  equal  to  dz  and  a  horizontal  one  equal  to  vz  acting  at  the  same  time,  as  explained 
under  Composition  and  Resolution  of  Forces. 

If,  in  either  flg,  we  draw  the  vert  lines  sp  and  ro,  see  Pig  4,  thend  o,  measd  by  the  foregoing  scale, 
will  give  the  tons  of  horizontol  pull,  and  r  o  the  vertical  pressure,  produced  on  the  pier  by  the  back- 
Htiir ;  and  p  d  and  p  t  will,  in  like  manner,  give  the  corresponding  forces  produced  by  the  main  chain. 
If  we  add  together  r  o  aud  p  $  they  will  be  found  to  be  equal  to  d  s.  and  if  we  subtract  d  o  from  p  d, 
their  difference  will  equal  v  x.  It  is  this  difference  only  that  teuds  to  slide,  or  to  upset,  the  pier ;  the 
other  portions  of  d  o  and  p  d  neutralizing  each  other  in  that  respect. 
The  foregoing  strains  may  all  be  calculated,  thus: 

Horisontal  pnll  Inward  by  the  main  chain  =  Tension  x  Coeineofedf' 

„       ^  **  '*      outward  by  the  b»ek-Mtay  =  Tension  X  Coslneofldv. 

Vertical  pressnre  by  main  chain  =  Tension  x  Sine  or  «  d  j,. 

**  •'    b««l«-«*»ar  =  Tension  X  Sins  on  dM. 
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Art.  5.  If  the  cables  pass  freely  over  a  loose  pin,  d^  Fix  4  A,  sntiported  by  a  link  L, 
haoglng  rrom  th«  fixed  pin  *,  »ud  capable  of  moving  freelj  about  botb 
of  its  pins ;  the  tension  in  the  baok-stay  will,  aa  before,  be  equal  to 
that  in  the  main  cable :  and  tbe  direction  and  amoont  of  the  atrain 
on  tbe  piers  will  be  found  in  tbe  itame  waj  as  for  Figs  2,  3  and  4; 
namely  :  lay  oft  d  $  and  d  r,  each  equal  to  tbe  tension,  and  draw  the 
parallelogram  dtvr.  Tben  will  d  v  gi ve  the  amount  and  direction  of 
tbe  strain  on  tb&piers.  Tbls  last  will,  of  course,  be  transmitted  through  i 
tbe  pius  and  tbe  link.  Tbe  amount  of  tension  on  the  link  will  be  given 
by  tbe  length  of  dv;  and  the  link  (being  free  to  move)  will  be  in  line 
with  this  tension.   The  shearing  strain  on  each  piu  is  also  given  by  d  v. 

Art*  6.    But  if  the  ends  of  tbe  cable  and  back-Rtay, 
Figs  4  B,  4  C  and  4  D,  at  the  top  of  the  pier,  be  mttde  fa$t  to  a  truck 

or  wagon  which  is  supported  by  rollers  on  a  smooth  platform  on  top  ef  the  pier,  the  axles  of  the 
rollers  being  fixed  in  tbe  troek  ;  then  the  strain  on  tbe  tnok-stay  will  not  be  the  same  iia  that  on  the 
cable,  unless  the  angles  adg  and  Idu  are  equal,  as  in  Fig  4  B. 

If  a  dg  exceeds  tcCw,  as  In  Fig  4  C,  the  strain  on  the 
back  atay  «  ill  be  less  than  that  on  the  cable,  and  vice  versa 
(Fig  4  D). 

But,  in  either  case,  if  the  top  of  the  pier  is  horizontal, 
as  is  nsually  the  ease,  tbe  horizontal  component!  of  the 
straioa  on  Ute  cables  and  on  the  back-stays,  will  be  equal, 
and  wfll  thu5  ooonleract  each  other,  aud  there  will  conse- 
queutly  be  no  borizoutal  or  oblique  strain  on  the  pier. 
That  Is,  the  strain  on  the  pier  will  be  vertical. 

To  find  the  amonnt  of  the  ten- 
Aiom  on  the  back-stay,  and  of  the  prefi- 
iiure  OD  the  oier;  on  dg  in  either  Fig.  4 

B.  4  C  or  4  D,  lay  off  da,  equal,  by  scale,  to  tbe  tension 
on  tbe  cable  at  d.  Di-aw  d  v  perpendicular  to  tbe  surface 
mn  on  which  the  rollers  rest.  We  asKume  that  mn  is 
borizontal,  as  is  generally,  but  not  necessarily,  the  case ; 
and  d  v,  Uierefore,  vertical.  Draw  •  v  horizontal,  or  par- 
aUel  to  mn.* 

Then  s  i;  will  give  the  horizontal  pull  of  tbe  main  cable 
on  the  wagon,  and  ti  i;  w  11  give  the  vertical  pressure  of 
the  wheel  d  ou  tbe  tower  (t<t  which  that  of  the  wheel  d'  has 
yet  to  be  added).  From  d'  l.ij  oftd  o  horizontal,  and  equal 
tosv:  and  draw  ro  verticallf.  Then  d'r  will  give  the 
■mount  of  the  pull  on  the  bncJcstsy ;  and  ro  will  give  the 
'rvrtieal  presauiv  uf  tbe  wheel  a' on  the  pier;  which 
most  be  added  to  d  v  for  tbe  total  vertical  pressure. 

Or  the  various  strains  may  be  ealctUeUtd,  thus : 

HorlBOiital 
»i?  or 
top  of 


iital    pull  ) 

<f'o  at  the  > 

'  the  pier       ) 


Fig.4  D 

_  HorizonUl  pull  at  _  Tension  d  •  in  w  nn«tn«.  «f  -  rf  « 
=   middle  of  span    "      cable  at  d      ^  ^''°*  of «  d  j;. 


S tral na'riU  back-    t   _  Horixoatal  pull  s  »  or  d*©  at  top  of  .  r^5„„  «, ,  J. 
aiaav  C~        nler.  or  at  middi.  «f  .n.n  *^      T  Cosine  of  I  tf 


Stay 
Prefli  on  pier,  pei 

to  sorf  on  whieb  tbe  rol 
lers  rest 


,f}  = 


pier,  or  at  middle  of  span 


.     /Tension  da 
di>  +  ro  =  |-    on   main  X 
V    cable  at  d 


Sine  of  \ 
adg 


)+(: 


TeaafoB  tTr  ^  Sine 
.tn  back  stay  ^ 


Hineorx 
Idu) 


^f  :pig.4E 


Fiff.4  P 


Art*  7.  When,  as  is  sometimes  the  case  in  light 
bridges,  the  piers  are  posts,  P  Fig  4  K,  of  wood  of  iron,  hinged  at 
the  bottom,  and  having  tbe  cables  and  back-stays  firmly  fixed  te 
tbeir  tope ;  ftom  d  draw  d  s.  equal,  by  scale,  to  tbe  tension  on  tbe  main  cable  at  d :  and  d  w  toward 
the  font  of  tbe  post.  From  s  draw  s  r  parallel  to  the  back-stay,  and  meeting  d  w  in  r.  Then  will 
f  r  give  the  strain  In  tbe  back-stay,  and  d  r  will  give  tbe  amount  and  direction  of  the  pressure  upon 
tbe  post. 

Art.  8.    As  in  the  Niagnra  bridge,  the  cables  often  merely  rest  npon 

movable  tmcks,  or  saddles,  T  Fig  4  F.  curved  on  top  to  avnid  sudden  bends  in  tbe  cables,  and  resting 
npon  looee  rollers  wbich  lie  npon  a  thick  horizontal  iron  plate  bolted  to  the  top  of  the  pier,  and  are 
free  to  move  horizontally.  In  such  cases  tbe  angles  adg  and  {  d'u  are  made  equal ;  fo  that  tbe  puKa 

•  The  lines  a  I  and  s  *  must  be  dtawn  paralM  to  tha  tw/aeo  m  n  on  which  thauragon  resrs.wbether 
■aid  sarface  be  borizontal  or  inclined. 
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Art.  10.    To  find,  approximately,  the  leitfrth  of 
miMpeiiflliiic  rodM         ne  y,  Ac^  Wit;  1 1  assainlnur  the 


tf  •  aiid<«r' rare  equal,  BR  are  also  tbeir  beriionUI  components  j»<l  and  d'o*  and  the  prenore*  on  the 
pier  are  rerticNl ;  aud  if  cbatiite*  of  temperature  or  of  loading  produce  iilight  changes  in  the  angles 
a  if  9  and  f  d*  u,  the  truck  will  (by  reaMMi  of  the  Inequality  thun  brought  about  between  the  hori- 
loiital  ooniponents)  more  far  enough  to  restore  the  equality  between  the  angles,  and  between  the 
horizunui  components,  and  consequently  the  pressure  upon  the  pier  will  at  all  times  be  rertteal. 

Art,  9.   To  tiiKl,  approximately,  the  lenfrth  of  a  ntaln  ehaln 

9  b  di  Ffg.  1 ;  hartng  the  span  e  d,  and  the  middle  deti  a  6.    See  preceding  Uble,'  Art  1. 

Half  length  of  main  ehatn  =  |^1  H  (deH«)  +  ( H  chord>3. 

In  Menai  bridge  the  chord  cd  is  579.874  ft ;  aud  the  deH  is  43  ft. 

Aceording  to  the  above  formula,  the  entire  length  la  588.8  feet.  Bj  aotoal  mcasaremettt  the  drain 
Is  precisriy  5W)  feet.    The  approximate  rule  below  gives  580.764  ft. 

NuTK.  The  lengths  obtaiued  by  this  rule  are  only  approximate,  beeaase  the  calculation  is  baaed 
upon  the  suuftosiilon  that  the  chains  form  a  parabolic  curve :  whereas,  in  fact,  the  curve  of  a  tinisbed 
bridge  is  neither  precisely  a  parabola,  nor  a  OMtenary.  but  iutertnedlate  of  the  two. 

The  following  simple  rule  by  the  writer  is  quite  as  approximate  as  the  foregoing  tedious  one, 
Vheu,  as  Is  generally  the  case,  the  ded  is  not  greater  than  j'^  of  the  chord,  or  span. 

Length  of  main  chain  when  deti  does  not  exceed  one-twelfth  of  the  span  =  chord  -|-  .23  dell. 

of  the  vert 
_.        -      _     -  _  carve  to 

be  a  parabola. 

I^c,  Fig  I,  be  any  point  whatever  In  the  curve ;  aud  let  ac  to  be  drawn  perp  to  the  chord  etf;  and 
xf  |»erp  to  «( 6 ;  then  iu  auy  parabola,  ns  a  c'  :  a  <rS  :  :  a  6  :  &/.  And  6 /thus  found,  added  to  it, 
(which  is  supposed  to  be  aintadv  known,  being  the  length  decided  on  for  the  middle  stupendinc  red,) 
gi\'>ea  Xf,  the  length  of  rod  reqd  at  the  poiut  z;  and  so  at  any  other  point. 

ir  6^  thiiA  fouiKl  be  taken  from  the  middle  4lefloeti«B  mh, 

It  leaveM  fr  Jr ;  and  tliu»  auy  deflection  w  x  of  the  innin  ciiain  ur  cable,  majr  be 
found  when  we  know  its  bor  dist,  «  w,  from  the  center,  a,  of  the  span. 

In  the  foregoing  rule,  the  floor  of  the  bridge  Is  supposed  to  be  straight :  but  generally  it  Is  raised 
toward  the  center;  and  in  that  case,  the  rods  must  first  be  calculated  as  if  the  floor  were  straight, 
and  the  requisite  deductions  be  made  afterward.  When  it  rises  in  two  strarght  lines  meeting  In  the 
ciMiter,  the  method  of  doing  this  Is  obvious.  M'ben  an  arc  of  a  circle  is  used,  its  ordioates  may  be 
calculated  by  the  rule  given  on  page  141a,  and  deducted  from  the  lengths  obtained  by  this  rule. 
Or.  having  drawn  the  curve  by  the  rule  for  drawing  a  paralwla,  the  dimensions  can  be  approx- 

imated to  by  a  itcalr.  The  adjustments  to  the  precise  lengths  must  be  made  during  the  actual  con- 
struction of  the  bridge,  by  mean*  of  nuts  on  their  lower  sorew-euds.  The  reda  require,  therefore, 
only  to  be  made  long  enough  at  Brst. 

The  toners,  piers,  or  pillarfi,  which  iiphold  the  chains  or 
cables,  admit  of  an  enciless  variety  In  desl§rn.  AccordiDg  to  cir- 
cumstances, they  may  consist  each  of  a  single  vertical  piece  of  timber,  or  a  pillar  of  east  or  vrongbl 
iron ;  or  of  two  or  more  sach,  placed  obliquely,  either  with  or  without  oonneeting  pieces ;  Uke  the 
bents  of  a  trestle.  Or  they  may  be  made  (with  any  decree  of  or- 

namenution)  of  oast-iron  plates;  as  in  iron  houae-fronts.  Or  they  may  be  of  macontjr,  brick,  or 
eonorete;  or  of  any  of  these  oombiited. 

Each  of  the  snspendiniir"*'*^^,  through  which  the  floor  of  the  bridge  is 

upheld  by  tbe  main  chains,  requires  merely  strength  anIBoient  to  support  safely  the  greateet  load 
that  can  come  upon  the  interval  between  it  and  half-way  to  the  nearest  rod  on  eaok  aide  of  it;  in- 
eluding  the  wt  of  the  platform,  4c,  along  tbe  same  intervaL 

In  anchorinr  the  backstays  intb  the  fpronnd,  it  is  necess&ry  to 

seeure  for  them  a  snffloiently  safe  resistance  against  a  pull  equal  to  the  strain,        upon  the  backstay. 

As  to  the  anchoranrc  of  the  cables  below  the  surfltce  of  the  gronnd, 

natural  rook  of  Arm  oharaoter  is  the  most  favorable  matOTial  thUt  ean  present  itself.  When  it  is  not 
present,  serious  expense  in  masonry  mu.<<t  be  incurred  in  large  spans,  in  order  to  secure  the  necessary 
weight  to  resist  the  pull  of  the  cables.  Our  Figs  4^  give  ideas  of  the  modea  most  frequently  adopted. 
For  a  very  small  bridge,  such  as  a  short  foot  bridge,  for  instanoe,  the  backstays  may  simply  be  an- 
chored to  large  stones,  t.  Pig  A,  buried  to  a  safBcient  depth.  Or,  if  the  poll  is  too  great  for  so  simple 
a  precaution,  the  block  of  masonry,  mm.  may  be  added,  eocloaing  the  backstay.  A  dose  covering 
of  the  mortar  or  cement  of  the  masonry  has  a  protecting  eflPiect  upon  th«  iron. 

To  avoid  tbe  neoessity  for  extending  the  baoksuys  to  so  great  a  dist  under  ground,  they  are  usually 
eurved  near  where  they  desoend  ImIow  the  surfhce,  as  shown  at  B,  D,  and  B ;  so  as  aooner  to  reach 
tbe  reqd  depth.  This  curving,  however,  gives  rtae  to  a  new  ttraio.  in  tbe  direetioa  shown  by  tbe 
arrows  in  Figs  B  and  D.  The  nature  of  this  strain,  a»d  the  mode  of  finding  its  amount,  (knowing 
the  pull  on  the  backstay,)  are  very  simple;  and  fully  explained  under  the  head  of  Funicular  Ma- 
chine. Tbe  masonry  most  be  diapoaed  with  refnrence  to  resiatinf  this  strain,  as  well  as 
that  of  the  direct  pull  of  the  baokiitay.  With  this  view,  the  blocks  of  stone  en  which  the  bend  resu 
should  be  laid  in  the  position  shown  in  Fig  D ;  or  by. tbe  single  block  in  Fig  B.  Sometimes  the  bend 
is  made  over  a  cast-iron  chair  or  standard,  as  at  «,  'Fig  F,  firmly  bolted  to  the  masonry. 

Fig  R  shows  the  arrangement  at  the  Niagara  railway  bridge  of  821)^  ft  span.    The  wire  baekstaya 

end  at  oo;  and  from  there  down  to  their  anchors,  they  consist  of  heayy  ohaina;  each  link  of  which 

la  composed  of  (alternately)  7  or  8  parallel  bars  of  flat  iron,  with  eye  ends,  through  which  pass  bolts 

•    Bach  of  the  7  bars  of  each  link  is  1.4  ins  thick,  by  7  ins  wide,  near  tbe 

*  When  chains  of  iron  bars  are  used  instead  of  wire  cables,  they  are  nsnallv  made  as  at  p  612.    | 
Since  bar  iron  has  but  about  half  the  tensile  strength  of  wire,  the  chains  moA  have  a  aeosloau  area 
twice  as  great  as  that  of  a  cable. 
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lowest  part  of  the  chain ;  bat  they  graduaHy  Increase  from  theooe  upward,  nntfl  at  c,  o,  where  they 
uuite  with  the  wire  cable,  the  sectional  area  of  each  litik  is  ^3  sq  ins.  These  chain  backstays  pass  in 
a  curve  through  the  massive  approach  vralls.  (28  ft  high,)  and  descend  vertically  down  shafts  $,  $,  25 
fi  deep  in  the  solid  rock.  Here  they  pass  through  the  cast-iron  anchor-plates,  to  which  they  are  con- 
fined below  by  a  bolt  3J4  ins  diam.  The  anchor-plates  are  6i4  feet  pquare,  and  2J4  ins  thick ;  except 
for  a  space  of  about  20  insi  by  28  ins,  at  the  center  where  the  chains  pass  through,  where  they  are  1 


depr- 
Uii 


brie 
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foot  thick.  Through  this  thick  part  Is  a  separate  opening  for  each  bar  composing  tbe  lowest  link. 
From  this  part  also  radiate  to  the  outer  edges  of  the  lower  face  of  the  plate,  eight  ribs,  '2H  ins  thick. 
Tbe  shafts  s,  a,  have  rough  sides,  as  they  were  blasted ;  und  average  3  ft  by  7  ft  across ;  except  at  the 
bottom,  where  they  are  8  ft  square.  They  are  oompletely  filled  with  cement  masonry,  with  dressed 
lieds,  well  in  contact  with  the  sides  of  the  shafts;  and  thoroughly  grouted,  thus  tightly  enveloping 
tbe  chains  at  every  point;  as  does  also  the  masoury  of  the  approach  wall  wwi  which  extends  28  ft 
aboT9  ground ;  and  is  6  ft  thick  at  top,  and  I0>^  ft  thick  at  its  base  on  the  natural  rock. 

D,  Figs  4i4,  shows  a  mode  that  may  be  used  in  most  cases,  for  bridges  of  any  span.  The  depth 
vid  th«  area  of  transverse  section  of  the  shaft,  and  consequently  tbe  quantity  of  masonry  in  it,  will 
<''»~— ■"  -•-'-'■ u-.w—  2..  I ,.  .u w  _--,.   -_.w 1. 1.      i>  .1. V  « —  ,jjgjj^  ^Yxea 
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In  estlmatlnsr  the  action  of  the  bacfcstays  upon  the  ma- 
SM^nry,  ^e,  to  wnleh  they  are  anchored,  it  is  safest  to  consider  the 

tension  along  them  to  continue  undiminished  to  their  very  ends ;  although,  when  they  are  embedded 
in  masonry,  friction  causes  it  to  diminish;  especially  when  they  are  curved,  as  in  E,  Figs  4^,  in 
which  case  the  friction  is  greatly  increased,  and  the  tension  thereby  materially  reduced  as  the  ends 
are  approached.  Frequently,  however,  they  are  not  so  embedded ;  for,  although  embedding  preserves 
the  iron,  many  engineers  prefer  to  leave  an  open  space  around  the  entire  length  of  the  anchor-chains ; 
as  well  as  around  the  anchor-plates ;  in  order  that  they  may  be  exaniiued  from  time  to  time.  To  this 
end,  the  masses  mm  of  masonry  in  Figs4Mi  may  be  made  not  solid,  but  to  consist  of  two  parallel 
walls,  between  which  the  backstay  may  pass ;  and  the  anchor-stones,  or  anchor-plates,  will  extend 
across  the  space  between  the  walls,  and  have  their  bearing  against  the  ends  of  the  walls.  In  F,  the 
cable  may  be  supposed  either  to  be  tightly  surrounded  by  the  masonry,  and  grciuted  to  It ;  or  else  to 
be  surrounded  by  a  cylindrical  passage-way  like  a  culvert,  so  as  to  be  at  all  times  accessible.  And 
tbe  same  with  regard  to  the  cable  in  the  vertical  shafts  at  D  or  E. 

Art  33,  Art  49,  &o,  of  Force  in  Rigid  Bodies,  will  assist  in  calculating  the  resistance 

whieh  the  masses  mm  of  anchorage  masonry  oppose  to  the  pull  of  the  backstays.  Soft  friable  stone 
must  be  carefullv  excluded  ft-om  such  parts  of  thCse  masses  as  are  most  directly  opposed  to  this  pull. 

If  blocks  of  Btbne  large  enoueh  for  securing  good  bond  are  not  procurable,  heavy  bars  of  iron,  or 
I  lieams,  may  be  advantageously  introduced  for  that  purpose. 

The  masses  must  be  founded  at  such  a  depth  as  not  to  slide  by  the  yielding  of  tae  earth  in  fh)nt 
of  them.  .     .        ,       ^ 

Experience  shows  that  with  duo  attention  to  periodical  painting,  and  renewal  of  woodwork,  a 
properly  designed  suspension  bridjre  will  be  very  durable,  The  transverse  floor  joists  should  be  of 
wrought  iron ;  to  prevent  interruption  to  travel  while  putting  in  new  wooden  ones. 

Particniar  eare  should  be  bestowed  npon  the  sti»enirth  of 
the  fOints  of  the  side  parapets;  for  the  uadnlations  and  lateral  motions 
of  the  bridge  expose  them  to  violent  deranging  forces  in  every  direction.  The  parapets  should  be 
high  and  stout:  and  not  restricted  to  mere  service  as  hand-rails,  or  guards.  *«««•»• 

As  a  ru'e  of  thumb,  one-half  the  sq  rt  of  the  Ppnn  will  be  about  a  good  height  for  them  In  ordinary 
eases,  provided  it  is  not  Um  than  a  hand-rail  requires.  ^_ ^ 

*Eemoved  to  Clifton.  England.  In  18W.  and  replaced  by  an  iron  t'JfJ^iJJ'j'bT^^g"^?'^'**'' 
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We  do  not  think  that  diagonal  horlxontal  bracing  should,  as  Is  osoal,  be  omitted  under  the  flooi; 
It  may  readily  be  effected  by  iron  rods. 

All  the  cables  need  not  be  at  the  aides  of  the  bridge.  One  or  more  of  them  may  be  over  its  axis; 
especiallT  in  a  wide  bridge.  One  wide  footpath  in  the  center  may  be  used,  instead  of  two  narrow 
oiiea  at  the  sides. 

The  platform  or  roadway  should  be  slightly  oambered,  or  cnrred  apward,  to  the  extent  aaj  of  aboat 
lyj^  of  the  span. 

Art.  11.    The  maflrara  suspension  bridfpe,  built  in  1852-3,'*John  A 

Roebllag,  engineer,  consists  of  a  single  span  of  HUH  ft  measured  straight  trom  center  to  center  of 
towers ;  and  800  ft  of  clear  suspended  length  of  ruudvrar.  It  has  two  floors  or  roadways :  the  upper 
one,  for  a  single-track  railway,  ii  2j}i  ft ;  and  tbe  lower  one,  foreommon  travel,  2iii  ft  wide,  out  to  out 
of  CTerything.  The  lower  one  is  Iti  ft  wide  in  tbe  clear  of  everything.  They  are  17  ft  apart  Tcrti- 
eally.  The  trasses  are  18  ft  total  height,  thronghout.  They  are  on  the  Prau  arrangement; 
with  verticals  6  ft  apart  from  oen  to  oen;  and  single  oblique  iron  rods,  1  inch  square,  running  in 
each  direction  across  four  of  tbe  5  ft  panels.  Where  these  rods  pass  each  other,  they  are  tied  together 
by  10  or  12  tnms  of  -j^  inch  wire.  Each  vertioal  consists  of  two  pieces  of  l}i  by  6)^  dmber,  placed 
4^  ins  apart,  to  allow  the  oblique  rods  to  pass  betwsen  them.  Both  npper  and  lower  floor  girders  are 
in  two  pieces,  of  i  by  16  ins  each.  Pairs  &  ft  apart.  The  tops  and  bottoms  of  tbe  verticals  pass  be* 
tween  the  two  pieces  which  form  eaoh  floor  girder.    No  tenons  or  morUses  are  ued  in  the  framing. 

There  are  fsnr  cables  of  iron  wire ;  two  on  each  side  of  the  bridge.  Each 

eable  is  10  ins  diam.  Tbe  wire  is  scant  No.  9  of  tbe  Birmingham  wire  gauge,  or  scant  .148  inoh  dians. 
Sixty  wires  hare  a  united  transverse  section  equal  to  one  square  inch  of  $olid  iron.  Bach  qf  the  four 
cables  contains  3610  wires,  with  a  united  cross-section  of  60.4  sq  ins  of  solid  metaL  Therefore,  the 
area  of  solid  me(al  in  a  section  of  all  the  fbur  cables  together  is  S4I.6  sq  ins,  or  1.678  sq  ft ;  weighinc 
814  n>s  per  ft  of  span.  The  wires  of  each  eable  are  first  made  up,  In  place,  into  7  small  strands ;  auid 
these  are  firmly  bound  together  throughout  by  a  continuous  close  wrapping  of  wire.  The  strength  of 
each  indiridual  wire  is  1640  lbs,  or  .73214  of  a  ton.  This  is  equal  to  98400  lbs,  or  4S.9S  tons  per  sq  ineh 
of  solid  metal ;  or  to  5943.360  As,  or  2653.3  tons  per  cnhle ;  or  to  10613.2  tons  ultimate  strength  of  the 
four  cables  together.  Oue  cable  on  eaoh  side  of  tbe  bridge  defiecu  64  ft ;  and  the  other  64  fi ;  average 
deflection  50  ft,  or  about  -^  of  the  spaa.  With  this  av  defl  the  tension  on  tbe  cables  at  the  top*  of  the 
towers  averages  1.82  times  the  total  suspended  wt  of  the  span  and  its  load.  See  table.  Art  I.  Tbe  wt 
of  the  suspended  span  itself  is  about  900  tons ;  and  if  tbe  greatest  extraneous  load  on  the  two  fleers 
together  be  taken  at  1*.^  tons  per  ft  run,  we  have  tbe  total  suspended  wt90U  +  (800  X  1^)  =  1900  tons. 
And  1900  X  1.82 =3458  tons  tension  at  towers ;  or  very  nearly  ^  of  the  ultimate  strength  of  the  cables, 
without  any  allowance  for  momentum,  or  wind.  But  suoh  loads,  although  possible,  are  not  permitted 
to  come  upon  the  bridge. 

The  wires  were  perfectly  oiled  before  being  made  into  strands;  and  when  the  strands  were  befaig 
bound  together  to  form  a  cable,  the  whole  was  again  thoroughly  saturated  with  oil  snd  paint. 

The  cables  do  not  hang  vertically ;  but  tbe  two  upper  ones  are  about  87  ft  apart  from  center  to  cen- 
ter, where  they  rest  upon  the  towers,  (where  all  four  are  on  the  same  level ;)  and  are  drawn  to  wlUiin 
13  ft  of  each  other  at  tbe  center  of  the  span ;  and  at  the  level  of  the  railway  traek  on  top  of  the 
bri  Ige ;  while  the  two  lower  ones  are  about  39  ft  apart  at  the  towers,  and  25  ft  at  the  center  of  the  span. 
and  at  the  level  of  about  halfway  between  the  two  floors. 

This  drawingin  of  the  cables  contributes  much  to  lateral  stability ;  as  do  also  the  upper  mad  lower 
floor  of  stout  plank.    There  is  no  horisontal  diagonal  floor  bracing. 

There  are  624  suspenders  of  wire  rope,  1^  lt)s  diam,  and  6  ft  apart,  or  corresponding  with  the  floor 
girders,  which  tbev  uphold;  and  with  the  wooden  verticals  of  the  trusses.  They  do  not  hang  verti- 
cally ;  but  incline  Inward. 

The  masonry  towers  s  re  all  founded  on  rock.  They  are  78^  ft  high  above  the  bottom  of  the  bridge; 
and  00^  ft  above  tbe  upper  floor.  The  two  at  each  end  of  tbe  span  are  89  ft  apart  from  eenter  to  een- 
ter.  At  Che  level  of  the  lower  floor  they  are  19  X  20  ft;  and  21  fk  apart  in  tbe  elear.  At  the  level  of 
the  upper  floor  they  are  16  ft  square ;  and  24  ft  apart  ia  the  clear.  From  there  they  taper  regularly 
to  the  top,  where  they  are  8  ft  square.  They  are  built  of  limestone,  in  heavy  dressed  nor  ooarses ; 
laid  in  cement ;  vertical  joints  grouted.  The  upper  courses  are  dowelled.  On  top  of  eaoh  tower  Is  a 
cast-iron  plate.  8  ft  sq,  and  7H  ins  thick,  bed-led  in  cement.  Part  of  the  top  of  this  plate  Is  jdaaed, 
as  upon  it  move  the  rollers  which  support  the  cast-iron  saddles  on  which  the  cables  rest.  At  each 
tower,  each  cable  has  its  separata  saddle  and  rollers.  Each  saddle  nftn  on  10  east-iron  rollers  t3^ 
ins  long,  and  5  ius  diam,  oKfefully  planed.    See  Pig  4  P.  They  lie  loosely, and  close  together^ 

and  arK  kept  In  plsce  by  xide  Hanges  nu  the  bed-plate. 

The  cast  saddles  are  each  5  ft  lonir,  by  15H  ins  wide.  Their  bottoms,  which  rest  on  tbe  rollers,  aie 
flat,  and  planed.  Their  tops  are  cu  rved  to  a  rad  of  6<>^  ft ;  to  suit  the  bend  of  tbe  cables  over  the  piers ; 
and  enoh  saddle  has  a  longitudinal  groove,  in  which  the  cable  lies.  The  passage  of  the  heaviest  trains 
produces  less  than  }{  an  inoh  of  movement  in  a  saddle. 

The  floors  have  a  camber  of  5  feet. 

A  ohanKe  of  100*^  Fab  of  temperature  causes  an  average  variation  of  about  i^  ft  in  the  defleetloa 
of  the  cables,  or  in  the  camber  of  the  roadways  ;  and  one  of  15(P,  (about  tbe  extreme  to  whteh  the 
bridge  is  exposed.)  about  iH  ft.  The  passage  of  a  train  weighing  291  tons,  and  covering  the  entire 
length  of  the  span,  caused  a  deflection  of  10  ins ;  and  an  ordinary  train  deflects  it  only  ftrom  8  to  5 
Inches. 

This  bridge  has,  since  the  rear  1853,  demonstrated  the  applieabili^  of  tbe  suspension  prineiide  ts 
large  span  railway  bridges.    Its  entire  cost  was  not  quite  $400,000. 

Art«  13.  The  wire  snspension  bridipe  near  Freybnrfr,  Swit* 
lEerland,  finished  in  1834,  Mr.  Ohnley,  engineer,  and  still  in  fbll  service,  is  of 
very  simple  construction,  and  has  served  a^  the  prototype  for  several  in  this  oonntry.  It  is  for 
common  travel  only :  and  is  narrow:  its  entire  width  of  platform  being  but  21^  ft;  and  its  clear 
araihible  width  but  19  ft.  The  dist  from  oen  to  oen  of  its  tewers  is  889  feet:  and  iu  clear  span  be- 
tween abutments  800  ft ;  or  the  same  as  the  Niagara.  There  are  4  cables,  each  6  ins  diam.  Bach  of 
them  consisu  of  1056  wires  of  No.  10.  or  full  H  inch  diam.  (or  71  wires  to  the  sq  inoh  ntmolid  metal;) 
srranged  iu  20  strands  of  about  53  wires  each.  Tbe  four  cables,  therefore,  have  a  united  area  of  bat 
•o«q  Ins  of  soUd  moul ;  weighing  202  lbs  or  .09  of  a  ton,  per  ft  run  of  span.    All  its  suspenders  sr« 

•  In  1886  the  wooden  piers  and  trusses  here  described  were  replaocd  by  Iron  ones. 
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rertleal;  about  5  ft  apart;  and  eaeh  upholds  one  end  of  atrantrerae  floor  girder.  It  has  no  side 
trussing  exoept  the  slight  one  of  the  wooden  hand-raiiiug,  which  is  about  6  feet  high ;  and  conne- 
quently,  with  its  great  span  it  is  quite  flexible.  The  deflecUon  of  the  cables  is  Jx  of  the  span ;  hence 
the  strain  upon  them  at  the  top  of  the  towers  at  either  end.  is  1.82  times  (see  table  p  6  5)  the  wt  of 
the  suspended  span  itself,  and  iu  extraaeons  load ;  and  supposing  the  wire  to  be  as  good  as  that  of 
the  Niagara,  the  brMMng  strain  of  the  four  cables  would  be  60  X. 44—  2640  tons;  and  their  safe 
strain  cannot  be  taken  at  more  than  ^  as  much,  or  880  tons.    The  suspended  weight  reqd  to  produce 

this  safe  strain  would  of  course  be  — -  =  484  tons.    The  suspended  weight  of  the  span  itself  cannot 

wen  be  less  than  .S  of  a  ton  per  ft  run :  or  240  tons  In  all ;  •  thus,  leaving  484  —  240  =:  244  tons  for 
the  maximum  safe  extraneous  load.  This  amounts  to  .305  of  a  ton  pr  ft  run  of  span  :  or  36  lbs  per 
sq  ft  of  its  platform,  19  ft  wide  in  the  dear.  The  French  allowance  is  41  lbs  per  sq  ft;  t  and  since  no- 
allowance  is  here  made  for  momentum  or  wind,  it  is  plain  that  this  celebrated  bridge,  on  account  of 
its  slight  cables,  and  its  flexibility,  is  by  no  means  a  strong  one.  In  that  respect,  at  well  as  steadi- 
■ess,  it  is  much  inferior  to  the  one  next  spoken  of.  It  is  said,  howerer,  to  have  withstood  very  severe 
tempests ;  and  also  to  have  been  occasionally  completely  corered  by  crowds  of  people.  If  so,  their 
lives  were  not  very  secure. 

Art.  13.    Tlfe«  wire  safipensfon  brldipe  aeross  tlie  Schnyllclll 

at  Pbilada,  finished  in  18124Chas  KUet,  Jr,  engineer.  Is  somewhat  similar  in  character,  and  in  the 
dimensions  of  its  details,  to  the  preceding ;  but  being  of  much  less  span,  is  much  stronger.  Its  sp.-m 
from  cen  to  ben  of  towers  is  358  ft;  suspended  platform  between  abuts  S42  ft.  It  has  ten  cables  of  S 
ins  diam ;  fir«  on  ench  side.  Their  united  sections  prei^ent  55  sq  ins  of  solid  iron ;  or  nearly  as  much 
as  the  preceding  bridge  of  800  ft  dear  span.  The  five  cables  on  either  side  have  dilfcrent  deflections, 
ranging  between  the  ^  and  the  -^  of  the  span  fh>m  tower  to  tower.  The  diet  fh>m  cen  to  een  of 
towers  at  either  end  of  the  span  is  35M  t ;  and  on  top  of  each  tower  the  cables  (considerably  flattened 
at  that  point)  lie  side  by  side  on  a  single  roller  about  SO  ins  long,  and  6  ins  smallest  diam,  wbieh  has  5 
grooves,  for  their  reception.  Each  cable  is  drawn*ln  about  3>^  ft  at  the  cenier  of  the  span.  At  in* 
terrals  of  20  ins  the  parallel  wires  of  the  cable  have  a  close  wrapping  of  finer  wire  for  a  distance  of 

3  ins. 

The  anspenders  are  of  wire;  and  are  ^  Ineh  diam ;  and  4  ft  apart.  On  any  on«  cable  they  are  20 
ft  apart.    They  all  incline  slightly  Inward. 

The  width  of  the  platform  ft-om  out  to  out  is  27  ft;  and  In  clear  of  hand-rails  25  ft.    Inside  of  the 
hand-rail  is  a  footway,  4  ft  4  ins  wide,  on  each  side  of  the  bridge.    The  remaining  16  ft  4  ins  serves 
for  a  double  carriage  way,  or  double-track  street  railway.    Figs  5  show  the  arrangement  of  the  wood- 
work, on  a  scale  of  K 
inch  to  a  ft.  The  trussing 
of  the  parapets  is  on  the 
Howesvstem, 
which  does  not  appear  to 
be  as  well  adapted  as  the 
Pratt,      to     suspension 
bridges.     The  diagonals 
in  the  Fairmount  bridge 
work  themselves  out  of 
place  laterally,  by  the 
ri  brations  of  the  bridge ; 
and  we  have  occasional- 
ly seen  aeveral  of  tbem 
almost  on  the  point  of 
falling     out     entirely. 
Being  under  mnniolpta 
charge,  it  is  of  ooursa 
neglected.     The  upper 
chords   ft,    are    12   Ins 
wide  by  6  f  ns  deep ;  the  lower  ones  I.  anc 
The  diagonals  <  are  all  4  ins  wide,  by  5  de 
and  about  14  inch  thick.    The  vert  iron 
span ;  and  IH  »t  its  ends.    The  top  chore 
ins,  by  H  loch  ;  with  4  bolts  passing  thr 
bolts,  side  by  side ;  (see  Figs  5 ;)  which  (e] 

4  ft  apart  from  cen  to  een,  are  6  by  14  ins 
The  floor  is  of  two  thicknesses  of  2-iuc 
The  wires  were  well  oiled  when  the  cab 
It  S  is  shown  the  mode  of  uniting  a  sui 

g,  which  straddles  the  cable ;  and  on  the 
losoender  rests.  The  metal  of  the  yoke 
which  compose  a  suspender  cannot  then 
rirders,  they  are  passed  through  the  eye  c 
held  by  a  wrapping  of  wire.  It  is  well  to 
by  fHction.     Tlie  small  fig  on  the  right  of 

*  This  Is  probably  nearly  its  aetual  weight,  as  obtained  by  oomparing  it  with  the  Fairmount  bridge| 
which,  by  a  oareful  estimate  by  the  writer,  weighs  .375  of  a  ton  per  ft  run  ;  but  is  oouHiderably  wider 
than  the  Freybnrg ;  and  carries  four  lines  of  light  street-rails.  But  if  the  Frey  burg  has  longitudinal 
joists,  it  will  weigh  about  .03  ton  more  per  ft  run. 

tThe  greatest  lead  that  can  come  upon  an  ordinary  bridge.  Is  a  dense  crowd  of  people ;  and  this 
the  French  <>nKineers  estimate  at  41  lbs  per  sq  tl  of  platform.  This  is  certainly  as  great  as  can  well 
occur  nnder  ordinary  oirenmstanoes ;  but  it  map  be  considerably  exceeded.  The  French  estimate, 
moreorer.  inelndes  no  allowance  for  wind,  or  for  the  crowd  being  in  motion.  Including  these,  the 
writer  thinks  that  no  suspension  bridge  should  have  a  leaa  safety  than  8.  against  100  lbs  per  sq  ft; 
•dded  to  the  weight  of  the  bridge  Itself.  A  less  ooeffof  safsty  is  admissible  in  a  wire  bridgethan 
hi  .in  Iron  trussed  one.  on  nccount  of  the  greater  reliability  of  the  material.    See  foot-note,  p  606. 

i  Removed.  I«73,  and  replaced  by  a  truss  bridge  of  348  ft  span,  by  Keystone  Bridge  Co. 
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There  U  no  trsaererse  bnuring  under  the  floor ;  nor  are  there  longitadinal  floor  Joists  resting  on  tb 
girders.  Owing  to  the  waut  of  the  distributing  effect  of  tliese ;  and  to  the  use  of  so  many  small  cabK> 
instead  of  but  2  or  4  larger  oned :  as  well  as  to  the  inefficient  trussing  of  the  hand-railing  or  pan 
pets,  the  bridge  Is  much  less  steady  than  it  would  otherwise  be. 


With  wire  of  the  same  qaaiity  as  the  Niagara,  (or  44  tens  per  so  inch  breaking  strength,)  the  Fail 
•"  '•  ■'      •-- -»  -      ...  -*  wind,)  sustain  an  extraneous  loa 


With  wire  of  the  same  qaaiity  as  the  Niagara,  (or  44  tens  per  so  ln< 
mount  bridge  would,  with  a  safety  of  3,  (omitting  momentum  and  wi 

of  846  tons;  which  is  equal  to  1.01  ton  per  ft  ran  of  span;  or  90  lbs  per  sq  ft  of  its  clear  platfom 
This  last  is  2.5  times  as  great  as  the  strength  of  the  Freybnrg,  with  the  same  qualify  of  wire.  Tb 
Fairmount  is,  however,  we  believe,  built  with  wire  of  but  36  tons  per  sq  inch  ultimate  strength.  I 
so.  it.-i  greatest  extraneous  load  becomes  reduced  to  260  tons ;  or  .76  ton  per  ft  run ;  or  68  lbs  per  sq  I 
of  pUtform.  or  nearly  twice  that  of  the  Freyburg. 

The  towers  are  of  cut  granite,  in  heavy  courses.  They  are  8H  ft  square  at  the  ground  line,  or  lev< 
of  the  floor;  about  5  ft  sq  at  the  top;  and  about  SO  ft  high.  The  backstays  have  the  same  angle  o 
direction  as  the  main  cables. 

Art.  14.    Tbe  Wh^eliny  brldir«  across  the  Ohio  at  Wheeling,  Vii 

ginia,  also  by  Mr  Ellnt.  had  a  span  of  1010  ft  between  the  towers :  and  960  fevt  clear  spaa  bettveen  th 
abuts ;  and  was  26  ft  wide  from  out  to  out.  Its  mode  of  conxtruotton  was  uiuch  the  same  even  in  d< 
Uil  a«  that  of  the  Fairmeunt  bridge;  exoept  in  having  1*;  cables  instead  of  10.  The  12  cables  eon 
sisted  of  6600  wires  of  No.  10  Birmingham  gauge,  presenting  a  sectional  area  of  93  sq  ins  of  solid  metal 
weighing  313  lbs,  or  .14  of  a  ton.  per  foot  of  span.    Tbe  weight  of  the  woodwork  was  about  the  aam 

f»r  foot  run  of  span  as  in  the  Fairmount  Although  its  clear  span  was  2.8  time««  a^  great  as  tb 
alrmount,  yet  Its  cables  had  but  1.7  times  as  great  area  of  solid  metal.  The  entire  suspended  « 
between  towers,  la  tUted  at  but  440  tons;  therefore,  with  an  average  deflection  of  -^  of  the  span 
for  a  safety  of  !l  against  100  lbs  per  sq  ft  of  platform  of  24  ftolear  width ;  or  1 .07  tons  per  ft  run  of  span 
the  area  of  solid  metal  in  tbe  cables  should  have  been  175  sq  ins,  with  44  ton  wire  like  that  of  the  Ni 
agara:  or  214  sq  ins,  with  36  ton  wire,  which  we  believe  was  the  quality  actually  used. 

Art.  15.    The  snspenslon  canal  aqnednct  at  Pittsbnrsr.  Penn 

batlt  in  1845,  John  A  Koebllng,  Esq,  engineer,  has  seven  spans  of  160  ft  each.  Deflection  14^  ft ;  o 
abont  -^  of  tbe  spaa.  It  has  but  two  cables,  eaoh  7  ins  tiam.  The  two  together  contain  8800  No.  1 
wires,  making  53  sq  ins  of  toltd  metal  section.  Ultimate  strength  of  each  wire  1100  lbs ;  equal  tn  35. 
tons  per  sq  inch  of  solid  metal ;  and  making  the  ultimate  strength  of  the  two  cables  together  1866  tnni 

The  prism  of  water  In  the  wooden  aquednot  is  4  ft  deep ;  bv  14^  ft  average  width ;  and  weighs  26 
tons  per  span.  The  wt  of  one  span  of  the  etraoture  Itself  is  about  111  tons ;  making  the  total  sua 
pended  wt  at  each  span  376  tons.  The  tension  on  the  two  cables  at  either  end  of  a  span,  with  a  dd 
of  ^j,  U  1.46  times  the  total  suspended  weight ;  see  tebla,  p  615.  Hence  it  Is  in  this  case  376  X  1-4 
1866  _ 
'  6*9  ~ 

On  one  side  of  the  water  is  a  towpath  for  horses ;  and  on  the  other  a  footpath ;  each  7  ft  clear  width 
With  these  occnpied  by  horses  and  people,  the  foregoing  safety  would  be  reduced  to  about  8.  Th( 
loaded  boats  do  not  add  materially  to  the  weight,  inasmuch  na  they  displace  a  bulk  of  water  equal  b 
their  own  wt;  and  but  little  of  the  displaced  water  remains  on  a  span  at  the  same  time  with  the  boat 

The  great  wt  of  the  water  prevents  undulations ;  and  the  aqueduct  Is  therefore  very  steady.  On  thi 
account  a  less  coeff  of  safety  is  admin.iible  than  on  a  common  bridge. 

The  aqnedact  leaked  badly  along  its  lower  comers. 

Art.  16.  In  1796,  Mr  James  FInley.  of  Fayette  €onnty,  Penn. 
introdaced  suspension  bridi^es  In  the  U.  S.;  and  buiU  several  witi 

spans  of  200  feet  and  less.  Many  of  them  were  very  primitive  structures ;  bat  answered  sofficientl] 
well  for  tbe  times.  They  had  usually  either  two  or  fbur  chains,  composed  of  links  ttom  7  to  10  feel 
long,  formed  by  bending  about  1^-inoh  square  bars  of  iron,  and  welding  their  ends  together.  At 
each  link-end,  was  a  vertical  suspender  rod  of  2  ins  by  ]4  Inch  iron :  which,  at  its  lower  end,  wai 
bent  and  welded  into  a  stirrup  tot  upholding  one  end  of  a  transverse  floor  beam.  On  these  beamt 
rested  longitudinal  Joists  supporting  the  floor  plank.  Finley  nsed  defleetlons  as  great  as  i,  or  even 
%  of  the  span ;  and  his  piers  were  frequently  single  wooden  posts;  the  two  at  each  end  being  braced 
toKetber  at  top.  Snch  were  used  in  a  span  of  151  JkjJ  ft  clear.  acro.ss  Will's  Creek,  Alleghany  Co,  Penn. 
It  had  two  chains.  The  defl  was  %  of  the  fipan.  The  double  links  of  IH  loch  sq  iron,  were  10  feel 
long.  The  center  link  was  horizontal,  and  at  the  level  of  the  floor;  and  at  its  ends  were  stlrruped 
the  two  oentral  transverse  girders.  From  the  ends  of  this  central  link,  the  chains  were  carried  U 
9traight  linea  to  tbe  tops  of  the  single  posts,  25  ft  high,  which  served  as  piers  or  towers.  The  back* 
nta.vs  were  carried  away  straight,  at  the  same  angle  an  the  cables ;  and  each  end  was  eonflned  to  four 
buried  atones  of  about  J<  a  cub  yard  each.  The  floor  was  only  wide  enough  for  a  single  line  of  ve- 
hicles. All  the  transverse  girders  were  10  ft  spart;  and  supported  longitudinal  joints,  to  which  th« 
floor  was  spiked.  There  were  no  restrictions  as  to  travel ;  but  lines  of  carts  and  wagons  In  close  siio* 
cession,  and  heavily  loaded  with  coal,  stone.  Iron.  Ac.  crossed  it  almost  dally :  together  with'  drovei 
of  cattle  in  full  run.  The.sllght  hand-railing  of  iron  was  hingtd.  so  a*  not  to  h«  hent  hy  the  undu- 
latioiiK  of  the  bridge.  Six-horse  wagons  were  freqnentiv  driven  across  in  a  rapid  trot,  it  was  boiU 
In  1820;  and  an  observant  engineer  friend,  who  in  1838  took  the  sketch  and  measurements  upon 
which  this  description  Is  ba<ed.  informed  the  writer  that  the  Iron  was  as  perfect,  and  as  sharp  on  all 
Its  edges,  as  on  the  day  It  was  bnllt.  The  irrni  was  the  old-fashioned  ohareoal.  of  ftall  80  tons  per  sq 
ineh  ultimate  strength.  The  united  omss.seotlon  of  the  two  doable  links  was  7.56  sq  ios;  which,  at 
80  tons  per  sq  inch,  gives  327  tons  for  their  ultimate  strength ;  or  say  76  tons,  with  a  safetr  of  8.  Now, 
with  a  defl  of  %  span,  the  tension  on  the  cables  (see  Ubie)  Is  but  .9  of  tbe  suspended  toUl  wV 

The  two  chains  in  plsoe  would  therefore  sustain,  with  a  saflsty  of  8,  a  qaiet  suspended  load  of  76  X 
.9  =  68  tons  •  and  as  the  span  itself  did  not  welith  more  than  15  tons,  we  have  53  tons  fbr  the  safe  ex* 
trnncous  weight,  omitting  all' consideration  of  wind  and  momentum.  This  Is  equal  tn  .86  ton  per  fl 
of  span ;  equal  to  .7  ton  for  a  bridge  wide  enough  for  two  vehicles  to  pass.    ThlS  |»rliniti¥« 


y  Google 


SUSPENSION  BRIDGES.  626 

iridse  iroiild  therefore  safel  j-  siistaiii  a  ipreMer  l9n4  per  foot 
nn  off  s|»Aik.  tliaii*^ie  Fi*«y  bnrtir. 

Tbeae  old  bridges  maaeoay  failed  by  the  rotting  of  the  end  poata;  or  were  carried  away  by  frevh- 
s ;  bot  we  have  neTer  heard  of  a  ftiilare  from  the  breaking  of  the  chains.  Many  of  them  were  built 
I  a  mnch  more  perfect  style  than  the  one  Just  described ;  and  on  the  most  osed  roads  In  the  Union. 
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PlerMi^s  lirell«bor«rf  made  by  the  Pierce  Artesian  an'!  0 1  Well  Snppty  Oo., 
80  Beaver  Street,  Now  York,  ii  an  excellent  tool  for  liorliiig^  Imto  soUm. 
clay,  Mind,  or  gravel,  evea  when  quite  indurated,  or  when  frozen.      It  will 


consistfl  of  two  sheet-iron  cylindrical  segments  SS,  called 
"pods,"  having  their  lower  or  cutting  edges  shod  with  steel. 
These  edges  project  (as  shown  in  Fig  1)  l>eyond  the  sides  of 
the  auger,  and  thus  make  the  hole  larger  than  it,  so  that  it 
cannot  bind  or  stick.  The  two  cutting  edges  are  equidistant 
-    from  the  vert  cen  line  of  the  tool, and  this  insures  a  straight 
I   and  vert  bole.     At  a  the  auger  is  attached  to  the  lower  eud 
of  a  vert  boring  rod  compost  of  a  number  of  l^^-inch  square 
iron  bars,  or  2)^-incb  iron  tubes,  about  10  to  15  ft   long, 
jointed  together  at  their  ends  by  means  of  square  socket- 
joints.    At  the  top  of  this  boring-rod  is  a  swivel-hook,  by 
means  of  which  the  entire  apparatus  is  hung  to  the  end  of  a 
Fia  1.  Fio  2.     rope,  which  passes  over  a  pulley  at  the  top  of  a  derrick  or 

tripod,  and  down  to  a  drum  worked  by  a  windlass  and  gear- 
ing. By  means  of  this  drum  and  rope,  the  auger  and  boring-rod  (which  at  first  con- 
sists of  only  one  bar)  are  lifted,  and  suspended  over  the  intended  hole.  The  au^er 
is  then  lowered,  and  rotated  hor  by  two  men  or  one  horse,  working  at  the  ends  of 
levers  which  grip  the  boring-rod  a  few  ft  above  the  ground.  The  swivel  at  the  top 
of  the  boring-rod  permits  this  rotation  to  take  place  without  twisting  the  rope. 
The  shape  of  the  auger  is  such  that  its  rotation  feeds  or  screws  it  into  the  ground ; 
and  the  man  at  the  windlass  has,  during  the  boring,  merely  to  keep  the  rope  tight, 
so  as  to  prevent  the  auger  from  boring  too  fast,  and  becoming  clogged.  In  about  8 
revolutions  the  auger  fills  with  earth.  By  means  of  the  windlass  it  is  then  raised 
to  about  2  ft  above  the  ground ;  and  by  unkeying  and  removing  the  band  6  the  auger 
is  opened  like  a  pair  of  tongs,  and  the  earth  emptied  into  a  M'ooden  box  which  has 
in  the  meantime  l)een  placed  over  the  hule.  The  box  is  then  removed  and  emptied, 
and  the  boring  proceeds  as  before.  When  the  boring  has  reached  a  depth  of  about 
10  ft,  a  second  bar  must  be  added  to  the  top  of  the  rod.  For  this  purpose  the  rod 
and  auger  are  raised  a  few  inches;  h  slight  frame-work  of  boards  is  placed  on  tho 
ground,  close  to  the  boring-rod  and  surrounding  it;  and  a  flange  is  clasped  tightly 
to  the  rod  just  above,  and  close  to,  the  framework.  The  framework  and  flange  now 
support  the  rod  and  auger;  the  swivel-hook  and  rope  are  removed,  and  attached  to 
the  upper  end  of  the  second  bar,  which  is  then  raised,  and  its  lower  end  is  fastened 
into  the  socket-joint  upon  the  top  o(  the  first  one.  The  rope  is  then  drawn  tight: 
the  flange  removed ;  the  auger  lowered  to  the  bottom  of  the  hole ;  and  the  boring 
resumed.  Additional  lengths  of  lK>ring-rod  are  attached  in  the  same  way  from  time 
to  time,  as  required  by  the  descent  of  the  auger. 

The  iiorers  are  made  from  6  to  18  ins  diam,  or  larger  to  special  order.  If  desired, 
the  boring  may  be  made  from  2-1  to  36  ins  diam  by  attaching  a  reamer  to  the  auger. 
This  anger  will  bore  to  a  depth  of  100  ft  or  more  at  the  rate  of  from  6  to  20  ft  per 
hour.  It  removes  stones  as  large  as  half  the  diam  of  the  hole.  In  dry  soils  a  bucket- 
ful of  water  is  poured  into  the  hole  each  time  the  auger  is  raised. 
The  Pierce  well-borer  may  be  advantageously  used  in  boring  the  holes  for  sand- 

Rlles,  p650,  and  at  times,  instead  of  drlvlnip  wooden  piles,  it  may 
I  better  to  plant  them  (butt  down  if  preferred)  in  holes  bored  by  this  auger;  ram- 
ming the  earth  well  around  them  afterwards.  This  will  save  adjacent  buildings 
from  the  jarring  and  ii^jury  done  by  a  pile  driver. 

If  sand,  mad,  or  lo<»se  yrairel  Is  readied  In  boring  with  this  tool, 
the  hole  is  reamed  out  4  ins  larger,  and  a  tablnfc  of  inch  boards  is  inserted  into 
the  hole,  and  driven  into  and  through  the  sand  or  gravel,  which  is  then  removed 
from  within  the  tubing  by  means  of  thesand-pHnip  furnished  with  each  machine. 
This  consists  of  a  hollow  iron  cylinder,  aliout  o  ins  diam  X  30  ins  long,  with  a  valve 
at  its  foot,  opening  upward.  It  is  lowered  to  the  bottom  of  the  hole;  covered  with 
water  to  a  depth  or  2  to  4  ft,  and  churned  quickly  up  and  down  4  to  6  ins,  by  hand, 
20  or  30  times,  during  which  the  sand  fills  the  pump,  which  is  then  drawn  up  and 
emptied.  From  10  to  20  ft  in  depth  of  sand,  mud,  Ac,  per  hour  can  thus  be  taken 
from  a  6  to  18-inch  hole.  This  pump  is  also  used  for  removing  broken  earth,  Ac, 
from  a  hole  bored  in  compact  earth  by  the  Pierce  borer  first  described. 

The  cost  of  a  Pierce  auger,  with  derrick,  boring-rods,  rope,  sand-pump,  Ac,  Ac, 
complete,  is  (18S8)  about  $175.  The  aiii^er  weighs  from  150  to  200  llts, accord- 
ing to  size.     Boring-rod  \\^  ins  sq,  SU.  lbs  per  ft.    Derrick,  160  lbs. 

Pieree's  Kand-borer,  Figs  3  and  4,  like  the  sand-pump  just  described,  is 
used  inside  of  tubing,  and  for  the  same  purpose.  The  hollow  iron  cylinder  C,  10  ids 
diam  X  30  ins  long,  slides  vertically  on  the  rod,  but  the  screw  is  fast  to  the  rod. 
^bile  boring,  the  sand  below  and  around  the  cyl  keeps  it  iu  the  position  shown  io 
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Fig  3.  Six  revolutions  of  tiie  rod  and  screw  fill  tlie  cyl  witli  sand.  The  rod  Is  tlien 
liftci.  Tliis  first  draws  the  screw  up  into  the  cyl,  as  in  Fig  4;  and  a  valve  at  the 
foot  of  the  screw  closes  the  bottom  of  the  cyl,  and  prevents  the  sand 
from  falling  out  when  the  borer  is  lifteti  from  the  hole.  The  rod  is 
hollow,  and  open  at  top  and  bottom.  This  allows  passage  of  the  air, 
and  thus  prevents  resistance  from  suction  in  withdrawing  the  borer. 
This  tool  is  rotated  and  withdrawn  in  the  same  way  as  the  earth  borer  ^1 
first  described.    Price  (1888),  $32. 

The  Pierce  Co  also  furnish  a  steel  prospectlnc:  ansrer,  from 
2  to  4  ins  diam,  and  2  ft  long,  for  boring  holes  from  2^  to  6  ins  diam, 
and  to  depths  of  10  tti  60  ft,  into  clay,  sand,  or  fine  g^ravel,  of 
all  of  which  it  brings  up  samples.  It  is  turned  by  wrenches,  and  by 
man  or  horse  power,  as  is  the  well-bnrer;  but  requires  no  derrick,  as 
it  can  be  withdrawn  by  hand.  Price  (1888),  of  auger  alone,  about 
$15toS30. 

Tlie  boring  tool  shown  in  Tert  section  by  Fie  6,  iios  3,4. 
and  in  hor  cross  section  by  Fig  5,  is  very  useful  for  boring  snal- 
low  holes  by  hand  throug^h  surface  soils,  clay,  and  gravel,  and 
bringing  up  samples.  The  borer  proper  consists  of  a  cylinder  of 
spring  steel,  3  or  4  ins  diiini,  and  4  or  5  ins  high,  with  sides  \^ 
inch  thick,  having  a  vert  slit  (see  cross  section)  throughout  ite 
height,  and  beveled  to  a  cutting  edge  all  around  its  foot,  a« 
shown  in  the  vert  section.  At  its  top  it  is  riveted,  as  shown,  oi 
welded,  to  the  inverted-w-shaped  forging,  which,  by  meatis  of  the 
socket  at  its  tt^,  is  screwed  to  a  length  of  g»8-pipe  which  serves 
as  a  handle,  and  to  which  other  pieces  are  joined  by  sockets  as 
boring  proceeds. 

The  boring  is  done  by  two  men,  who  grasp  the  handle,  and, 
holding  the  tool  vert,  drive  it  into  the  ground  by  repeatedlj 
lifting  it  and  forcibly  bringing  it  down  upon  the  same  spot.  As 
the  tool  strikes  the  ground,  the  beveled  shape  of  its  cutting  edge 
causes  it  to  open  slightly,  and  when  the  downward  pres  is  re- 
lieved in  lifting  it.  it  springs  back  and  grasps  the  earth  whicli 
has  entered  it.  It  soon  fills;  and  the  men,  finding  that  it  ceases 
to  penetrate  readily,  lift  it  to  ti^  surface  and  empty  it.  TIk 
character  of  its  contents  from  dinercnt  depths,  measured  alou^ 
the  handle,  is  noted  from  time  to  time. 

In  six  days  of  8  hours  each,  three  men  (one  . 
resting  at  intervals)  using  one  such  auger 
between  them,  bored  20  holes, averaging  9J^ 
ft  each,  in  lotim,  gravel,  clay,  and  dec^im- 
posed  mica  schist,  at  a  cost  of  22  cts  per  foot. 
Wages  of  each  man,  $2  per  day. 

For  work  in  loam,  clay,  or  non-running 
eand,  an  efTeetiire  screw-angrei*  can 
be  made  by  any  good  blacksmith,  by  merely 
forraiug  a  one-iuch  sq  bar  of  iron  or  steel  jgiQ  5,  {<iq  5, 

into  corkscrew  shape  about  2  ft  long,  with 

6  complete  turns  6  ins  In  diam  ;  its  lower  end  sharpened  to  form  a  vertical  cutting 
edge,  which  should  pn^ect  say  .5  of  an  inch  beyond  the  spiral  of  the  screw,  in  order 
to  diminish  friction.  It  will  bring  up  full  samples.  Requires  a  derrick,  or  some 
other  simple  mode  of  lifting,  when  the  screw  is  full. 

Artesian  Well  Drillin^ir,  Deep  vert  holes  In  earth  and  rock,  6  and  8  ins 
in  diam, such  as  are  reqd  for  artesian  wells  for  waterand  oil, and  for  mining  explora- 
tions, are  drilled  by  repeatedly  lifting  and  dropping,  in  the  same  vert  line,  a  heavy 
Iron  bit,  Fig  l,p62U,  with  a  steel  cutting-edge.  The  bit  is  partly  revolved  horizon- 
t;illy  after  each  blow,  to  insure  roundness  of  hole.  The  length  of  the  cutting-edge 
of  the  bit  is  a  little  greater  than  the  diam  of  the  bit,  and  the  hole  is  thus  made  suf- 
ficiently large  to  prevent  the  bit  from  binding  in  it.     See  also  diamond  drill,  p  652. 

The  bit  is  the  lowest  one  of  a  series  of  iron  and  steel  bars,  &c.  Figs  p  629,  screwed 
together  at  their  ends,  and  called  a  ^*  string:  Of  tools."  The  string  of  tools 
varies  in  length  from  25  to  60  ft,  according  to  the  size  and  depth  of  the  hole,  and  the 
hardness  of  the  rock;  and  its  diam  throughout  (above  the  cutting-edge)  is  an  inch 
or  two  less  than  that  of  the  hole.  Its  weight  is  from  800  to  4000  lbs.  Its  upper 
member  is  always  a  "rope-socket,"  Fig  4  (without  a  swivel),  to  which  tlie  lower  end 
of  the  supporting  rope  cnbie  is  attached.  This  cable  passes  up  out  of  the  hole  to 
a  hor  lever,  which,  by  means  of  a  horse-power  or  steam-engine.  Is  kept  con- 
stantly moving  up  and  down  with  a  see-saw  motion.  The  string  of  tools,  with  the 
cutuug  edge  of  the  bit  at  its  lower  end,  is  thus  alternately  lifted  from  2  to  4  ft»  and 
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let  fall,  from  30  to  50  times  per  minnte,  and  so  drills  its  way  into  the  rork  or  earth. 
From  4  to  10  ft  in  depth  of  water  are  kept  in  the  hole,  to  facilitate  the  drilling  and 
the  removal  of  debris.  After  water  is  reached,  the  drilling  may  be  continued,  even 
if  the  hole  ia  full  of  water;  but  a  great  depth  of  water  of  course  diminishes  the  force 
of  the  blows  of  the  bit.  A  suitable  arrangement  must  be  provided  for  pftyiiiK 
out  the  rope  as  the  boring  tool  descends.  A  clamp  is  attached  to  the  cable ; 
and  the  man  in  charge,  by  turning  the  clamp,  twists  the  rope,  and  thus  turns 
the  bit  horixoutally  about  one-fifth  of  a  revolution  after  each  stroke,  until 
six  oi*  eight  complete  revolutions  have  been  made  in  one  direction.  He  then  re- 
Tei'ses  the  motion,  and  makes  un  equal  number  of  turns,  at  the  same  rate,  in  the 
-opposite  direction. 

After  drilling  a  few  feet,  the  string  of  tools  is  lifted  out  of  the  hole  by  meaus  of 
the  cable,  to  allow  the  removal  of  the  debris  which  has  accumulated  in  the 
hole.  This  is  done  by  means  of  a  sand-pump,  which  is  a  sheet-iron  cylinder, 
say  4  ins  diam,  and  4  to  6  ft  long,  provided,  at  its  foot,  with  a  valve  opening  upward. 
The  pump  is  lowered  to  the  bottom  of  the  hole,  and  filled  with  the  mixed  water  and 
debris  by  chnniing  it  up  and  down  a  number  of  times.  Sometimes,  in  addition  to 
the  valve,  the  pump  is  fitted  with  a  plunger,  which  is  at  the  foot  of  the  pump  when 
the  latter  is  let  down  to  the  bottom  of  the  hole.  The  plunger  is  then  drawn  up  iirto 
the  pump,  and  the  debris  follows  it.  In  either  case,  the  pump,  when  filled,  is  lifted 
out  of  the  hole  and  emptied;  the  string  of  tools  is  again  lowered  into  the  hole,  and 
the  drilling  resumed.  The  debris  must  be  removed  after  every  3  to  6  ft  of  drilling. 
Otherwise  it  would  interfere  too  greatly  with  the  action  of  the  bit. 

Wells  are  usually  drilled  from  6  to  8  Ins  dlam.  For  diams  less 
than  6  ins,  the  tools  are  so  slender  that  they  are  liable  to  be  broken  in  a  deep  hole. 

The  same  apparatus  is  used  for  drillings  throueh  the  eai*th  aboTe 
the  rock,  before  the  latter  is  reached.  This  is  called  "spudding."  In  this  case 
the  sides  of  the  hole  must  be  prevented  from  caving  in.  For  this  purpose  a  wrought- 
irori  pipe  of  such  ditim  as  to  fit  the  hole  closely,  and  ^  inch  thick,  is  inserted  into 
the  hole,  and  is  driven  down  from  time  to  time  as  the  drilling  proceeds.  The  pipe 
is  driven  by  means  of  a  heavy  maul  of  oak,  or  other  hard  wood,  14  to  18  ins  square, 
and  10  to  16  ft  long.  This  maul  is  attached,  by  one  end,  to  the  lower  end  of  the 
same  cable  which,  during  drilling,  supports  the  string  of  tools.  It  is  thus  repeat- 
edly lifted,  and  dropped  upon  the  head  of  the  tube,  which  is  protected  by  a  cast-iron 
*•  driving-cap."  The  foot  of  t he  tube  is  shod  witb«  steel  cutting-edge  ring,  or  **  steel 
shoe."  When  the  tube  has  been  driven  as  far  as  it  will  readily  go,  the  maul  is  re- 
moved from  the  end  of  the  rope;  the  string  of  tools  substituted;  and  the  drilling 
resumed  within  the  pipe. 

The  pipe  is  put  together  in  lengths  of  from  8  to  18  ft,  and  the  drilling  and  pipe- 
driving  proceed  alternately  until  the  rock  is  reached,  and  the  foot  of  the  pipe  forced 
into  it  to  a  depth  of  a  few  ins,  or  far  enough  to  shut  off  quicksand  or  surface  water. 

If  quicksand  Is  encountered,  the  string  of  tools  is  removed,  and  the 
sand-pump  is  usied  inside  of  the  pipe. 

For  reantlngr  out,  or  eulariplngrf  holes,  or  for  stralfphtenlnip 
crooked  ones,  Ac,  special  tools,  such  as  reamers,  Ac,  are  substituted  in  place  of  the 
boring  bit. 

Special  care  must  be  taken  to  have  all  the  rubblufp  surfaces  thor- 
oughly lubricated.  The  pulley  in  the  mast-head,  and  the  pinion-wheels 
of  the  horse  power  (if  such  be  used)  should  be  well  oiled  every  two  or  three  houi-a. 

In  very  cOld  or  wet  weather,  a  shcKl  of  rougrh  boards,  or  a  cover- 
ing of  canvas,  about  8  ft  high,  should  be  erected,  to  protect  the  men;  and,  if  steam 
is  used,  2  or  3  boards  should  be  used  as  a  covering  for  the  belt,  which  will  slip  if  wet. 

The  following  description  is  based  upon  the  improved  machines  made  by  the 
Pierce  Artesian  and  Oil  Well  Supply  Co.,  80  Beaver  Street,  New  York,  who 
make  a  specialty  of  artesian  well  machinery,  and  of  steam  engines  and  hor8«- 
powers  for  its  operation.  They  also  slmk  -wells  to  any  required  depth,  in  anj 
country. 

For  holes  from  200  to  1000  ft  deep,  this  Co  fiirnish  portable  drill- 
ing machines,  to  be  worked  by  horse  or  steam  power.  In  these  machines,  the 
drill-rope,  extending  from  the  string  of  tools  up  out  of  the  hole,  passes  over  a  sheave 
at  the  top  of  a  wooden  nia^t;  down  to,  and  anmnd,  a  pulley  fast  to  the  working 
lever;  and  thence,  by  way  of  a  pulley  fixed  at  the  foot  of  the  mast,  to  a  drum  ui>on 
which  it  is  wound.  To  this  drum  a  friction  and  ratchet  wheel  is  attached,  for  pay- 
ing out  the  cable  as  the  tools  descend. 

The  mast  is  hlng^ed  six  feet  above  its  foot,  so  that  its  upper  part  may  be 
laid  hor  when  the  machine  is  to  be  moved.  When  at  work,  it  is  held  in  position  by 
two  timber  struts  or  braces,  bolted  to  it  near  its  top,  and  having  thefr  lower  ends 
festeued  to  the  ^^dri|i-Jack,"  which  is  a  light  and  strong  framework.  9  ft  long, 
o  ft  wide,  and  4  ft  high,  at  the  foot  of  the  mast,  containing  the  working  levw  which 
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raises  the  rope  aud  lets  It  nUI,  the  dnim  on  which  the  nipe  is  wound,  the  shnfl  and 

cam  which  work  the  lever,  At.    The  opei-ator  stnuds  at  the  foot  of  the  uia»t,  and. 

hy  uiean^  of  foot-  and  hand-levers  within  his  reach,  regnlates 

alltlie  movements  of  the  machine.    One  of  these  governs 

the  pawl  and  ratchet  wheel  regulating  the  paying  out  of  the 

cable.    By  letting  the  ratchet-wheel  of  the  drum  move  one 

notch,  the  bit  is  fed  down  (juarter  of  an  inch. 
Tlie  operator,  by  moving  a  slide  with  his  foot,  holds  the 

working  lever  down,  out  of  reach  of  the  cam,  thus  stoppluR 

the  up-and-down  motion  of  the  rope  and  tools.    By  means 

of  unother  lever  he  can  now  put  the  rope-druni  in  gear  with 

the  main  driving-shaft,  so  that  the  rope  is  wound  up  on  the 

drum,  and  the  tools  drawn  up  out  of  the  hole.     Another 

lerw  controls  the  separate  reel  on  which  the  light  rope,  car- 
rying the  Pand-pump,  is  wound.    AU  these  operations  are 

performed  by  the  same  power  (horse  or  steam,  as  the  case 

may  be),  which  works  on  without  stopping;   the  various 

changes  being  made  by  merely  throwing  the  different  parts 

into,  or  out  of,  gear  with  the  main  driving-shaft. 
One  of  these  portable  innchlneii  reqnires 

two  horses  or  a  small  steam-engine,  a  mau  to  attend  the 
same,  and  another  man  to  opemte  the  machine,  empty  the 
sand-pump,  change  the  tools,  4c,  It  can  be  transported  on 
a  farm  wagon  over  any  common  road.  Two  men  tan  unload 
It,  set  It  up,  and  commence  drilling,  in  two  hours;  and,  un- 
less  steam  is  preferred,  the  two. horses  used  for  its  transpor- 
Jition  furnish  the  motive  power.  The  machine  can  be  taken 
down  and  reloaded  in  the  wagon  in  two  hours. 
Figs  1  to  4  show  the  tools  useil  with  these  ma- 

1  •  i'*?'  *^®''  *^'®  different  sizes  of  machine  they  differ 
chiefly  m  their  dimensions  and  weights.  Fig  1  is  the 
ciruilng:  »it,  called  a  "  Z  "  bit  from  the  shape  of  its  cut- 
ting-edge.  This  edge  is  6  ins  long.  The  bit  is  30  to  86  ins 
Jong,  and  weighs  about  100  lbs.  Its  top  is  screwed  into  the 
fwt  of  the  ^'aaarer-stein,''  Fig  'A  which  is  of  3-inch 
round  iron,  12  it  long,  and  weighs  360  lbs.  Its  use  is  that 
0]  a  weight,  giving  additional  force  to  the  blows  of  the  bit. 
Its  top  is  screwed  into  the  foot  of  the  **  drill-Jars.'*  Fig 
y  and  to  the  top  of  these  is  screwed  the  '*  rope-soCket.'' 
yig4,  to  which  the  drilling  cable  is  attached;  If  the  bft, 
or  aniper-stem,  becomes  wedged  In  ihe  hole 

♦•  !"*^  *"«»«»»  the  operator  stops  the  churning  motion 
01  the  tools,  and  the  rope  is  let  out  about  12  ins.  Tliis  per- 
nms  the  upper  link  U  of  the  drill-J.irs,  Fig  3,  to  slide  down 
about  12  ins  in  the  slot  S  in  their  lower  link.  The  churn- 
|ng  |uotion  is  tlien  started  again,  and  the  upward  jerk  of 
nie  link  U  against  the  upper  end  of  the  slot  loosens  the 

M)Ols, 

These  machines  are  made  in  a  number  of  sizes,  to  drill 
Jnles  from  200  to  1000  feet  deep.  The  string  of  tools  w*»iirhs 
from  800  to  1800  lbs  :  and  th«  machine  complete  incIiidTog 
tools,  ro[»e,  mast,  etc.,  but  oxclusive  of  p,)wer,  from  1  00  to 
J;|00  lbs.  They  cost  from  $700  to  $1500  exclusive  of  power 
ibe  smaller  pizes  may  be  worked  by  horse  power.  A  horse 
power  weighs  about  800  lbs.,  and  costs  about  $75  Hceam 
engine,  1600  t>  3600  lbs.,  $150  to  $300.  ' 

For  wells  fi-om  1000  to  3000  feet  de«p,  a 
stationary  machine,  with  a  walking-beam,  U  used,  similar 
w)  tho-«e  employed  iu  the  oil  regions  of  Pennsylvania.  A 
Bqnare  pyramidal  derrick  is  erected,  74  feet  high,  20  foot 
f5T«  ^'  ^^*^*  *  '®**  nqnare  at  top.  Eiich  of  its  4  corner  legs 
8  of  2  inch  X  8  inch  and  2  inch  X  10  Inch  planks,  spiked 
together  so  as  to  form  a  10  iiuh  X  10  inch  angle-piece,  2 
mchM  thick.  Tie  legs  are  braced  together  by  horlKon^al 
jna  dugonal  timbers.  The  walking-beam  is  of  fmher  26  { 
leet  long,  12  Inches  wide,  and  26  inches  deep  at  the  middl« 
?I  jte  length,  where  it  is  pivoted  to  the  top  of  a  wooden  post  Fio  1. 
"» inches  square  and  12  feet  high,  called  a  "  Samson  pout." 

.AW8  post,  at  its  foot.  Is  dovetailed  into  the  main  sill  cf  the  machine,  which  is  18 
incijos  wide  X  24  Inches  deep. 
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The  motive  power  Is  a  15-hp  steam-engine,  which,  by  means  of  a  belt  and  pnll^, 
crank  and  pitman,  working  at  one  end  of  the  walking-beam,  gives  to  the  latter  its 
see-gaw  motion.  To  the  other  end  of  tlie  beam,  and  immediately  over  the  well,  is 
suiipended,  by  means  of  a  hook,  a  "temper-screw."  This  last  is  composed  of  two 
bars  of  iron,  abont  %  X  2  ins,  5  ft  long,  nnng  2  ins  apart,  fastened  together  at  their 
top  ends,  at  which  point  there  is  an  eye,  which  is  suspended  on  the  M-alking-beam 
hook.  At  the  bottom  of  the  two  bars  there  is  a  sleeve-nut,  and  between  the  two 
bars  and  passing  through  the  nut,  is  a  screw  5  ft  long,  at  the  bottom  of  which  there 
is  a  liMid,  which  carries  a  swivel,  set-screw,  and  a  pair  of  clamps.  These  grasp  the 
cable,  2  or  2^^  ins  diam,  which  carries  at  its  lower  end  the  stringy  of  tools. 
This,  for  a  2000-ft  hole,  consists  of  a  steel  bit, 3  or  4  ft  long,  weighing  200  to  400  lbs; 
an  auger-stem  of  4  or  5-inch  round  iron,  from  24  to  30  ft  long,  and  weighing  from 
1200  to  2100  lbs;  steel-lined  drlll-jars  8  ft  long,  weighing  600  to 700  lbs;  a  sinker-bar 
of  round  iron  of  same  diam  as  the  auger-stem,  12  to  Id  ft  long,  and  weighing  from  60O  _ 
to  1100  lbs ;  and  a  rope-socket,  2^  ft  long,  weighing  200  lbs.  Total  length  of  string 
of  tools,  50  to  00  ft,  total  weight,  3000  lbs  ;  or,  for  an  8-inch  hole  in  the  hardest  rock, 
4(Kj0  Iba.  The  sinker-bar  is  added  to  give  additional  wt,  and  thns  to  assist  in 
pulling  the  cable  down  through  the  water,  either  in  lowering  the  string  of  tools  or 
in  working  ihe  drHl-Jai-s.  The  shapes  of  the  other  tools  are  given  by  Figs  1  to  4. 
Rpeelal  tools  §.re  used  for  recovering  articles  that  may  be  accidentally  dropped 
into  the  hole. 

The  drilling;'  cable  is  woand  on  a  drum,  called  a  bull-wheel  shaft,  at  the 
foot  of,  and  inside  of,  the  derrick.  While  drilling  is  going  on,  it  passes  from  the 
bull-wheel  shaft  loosely  over  the  sheave  at  the  top  of  the  derrick,  and  down  to  the 
clamps  at  the  lower  end  of  the  temper-sere^  on  the  end  of  the  walking-beam.  As 
the  drilling  progresses,  the  temper  screw  is  turned  or  fed  out  by  the  man  in  charfre, 
who  also,  by  means  of  a  clamp,  twists  the  rope,  so  as  to  change  the  position  of  the 
bit  after  each  stroke. 

When  the  tools  are  to  be  lifted  out  of  the  hole,  the  CAble  is  disengaged  from  the 
clamps  on  the  temper-screw,  and  is  wound  upon  the  buli-wheel  shaft,  which,  for  this 
purpose,  is  thrown  into  gear  with  the  steam-engine;  the  pitman  Iteing  at  the  same 
time  removed  from  the  crank-pin,  so  that  the  walking-beam  Is  at  rest.  As  in  the 
portable  machines,  the  sand-pump  is  also  raised  by  the  same  power  which  does  the 
drilling. 

About  10000  ft  b  m  of  rongrll  Ininber  are  reqd  for  the  denick,  walk- 
ing-beam, sills,  Ac,  and  about  3000  ft  more  for  sheds  over  the  boiler,  engine,  and  belt. 

In  ordinary  hard  limestone  rock,  such  a  machine  will  drill  about  1}4J^ 
per  hoitr  under  the  most  favorable  circumstances.  Two  men  are  repaired ; 
one  to  attend  to  the  boiler,  sharpen  the  bits,  Ac,  and  one  to  operate  the  machine. 
The  cost  of  the  apparatus^  in  1888,  Is  from  $1800  to  $2500.  I^nmber 
for  the  derrick,  $:^50  to  $450  more.  The  cost  Of  drilling^.  In  1888,  in  lime- 
stone, is  about  $6  per  ft  run  for  6>iuch  holes;  $8  for  8-inch.  In  granite  and  tr^ 
rock,$l& 

For  qnautity  of  masonry  in  walls  of  wells,  see  p  158. 
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Drkdqing  is  generally  done  by  skilled  contractors,  who  own  the  requisite  machines, 
scows  or  lighten,  Ac ;  and  who  make  it  a  specialty.  It  is  necessary  to  specify  whether 
the  dredged  material  is  to  be  measured  in  place  before  it  is  loosened ;  or  aiter  being 
deposited  in  the  scow :  because  it  occupies  more  bulk  after  being  dredged.  It  was 
found,  in  the  extensive  dredgings  for  de^>«ntng  the  Kiver  8t  Lawrence  through  the 
Ladle  of  8t  Peter,  that  on  an  aimrag*  a  «ah  yd  of  totembly  stiff  mnd  in  place,  makes 
1.4  yds  in  the  scow ;  or  1  in  the  scow,  makes  .715  in  pltice.  Also  stipulate  whether  the 
removal  of  bowlders,  sunken  trees,  Ac,  is  to  constitute  an  extra.  These  often  require 
aawiug  and  blasting  under  water.  The  cost  per  cub  yd  for  dredging  varies  much 
with  the  depth  of  water :  the  quantity  and  character  of  the  material :  the  dist  to  which 
it  has  to  be  removed ;  whether  it  can  be  at  once  discharged  from  the  machine  by 
means  of  projecting  side-shoots  or  slides ;  or  must  be  discharged  into  scows,  to  be  re- 
moved to  a  short  dist  by  poling,  or  to  a  greater  dist  by  steam  tugs ;  whether  it  can  be 
(htyppfd  or  dumped  into  deep  water  by  means  of  flap  or  trap  doors  in  the  bottom  of 
the  hoppers  of  the  scows ;  or  must  be  shoudUd  from  the  scows  into  ttkatlow  water,  (at 
sny  4  to  8  cts  per  yd ;)  or  npon.  land,  (at  say  f^m  6  to  10  or  20  cts  for  the  shovelling 
alone,  or  shoTelliug  and  wheeling,  as  the  case  may  be;)  whether  much  time  must  be 
consumed  In  moving  the  machine  forward  frequently,  as  when  the  excavation  is 
narrow,  and  of  but  Tittle  depth;  as  in  deepening  a  canal,  Ac;  whether  many  bowl- 
ders and  sunken  trees  are  to  be  lifted  ;  whether  interruptions  may  occur  from  waves 
in  storms ;  whether  fuel  can  be  readily  obtained,  Ac,  Ac.  These  considerations  may 
make  the  cost  per  cub  yd  in  one  CHse  ftom  2  to  4  times  as  great  as  in  another.  The 
actual  cost  of  deepening  a  ship-channel  through  Lake  St  Peter,  to  18  ft,  ft-om  its  orig- 
inal depth  of  11  ft,  for  several  miles  through  moderately  stiff  mud,  was  14  cts  per 
cub  yd  in  place,  or  10  cts  in  the  scows ;  including  removing  the  materiul  by  steam 
tugs  to  a  dist  of  about  ^  a  mile,  and  dropping  it  into  deep  water.  This  includes  re- 
pairs of  plant  of  all  kinds,  but  no  profit.  It  was  a  favorable  case.  When  the  buckets 
work  in  deep  water  they  do  not  become  so  well  filled  as  when  the  water  is  shallower, 
because  they  have  a  more  vertical  movement,  and,  therefore,  do  not  scrape  along  as 
great  a  distance  of  the  bottom.  Henc«  one  reason  why  deep  dredging  costs  more 
per  yard ;  in  addition  to  having  to  be  lifted  through  a  greater  height.  Perhaps  the 
following  table  is  tolerably  approximate  for  large  works  in  ordinary  nmd,  sand,  or 
gravel ;  assuming  the  plant  to  have  been  paid  for  by  the  company ;  and  that  common 
tobor  costs  $1  per  day. 
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Table  of  aetHal  cost  of  dredfriiisr  on  a  lar^re  fieale;  inelad- 
InK  droppinip  the  material  into  seowci,  alonf;:»l<le :  or  into 
side^bootM,  on  board*  Contmon  labor  $1  per  day.  Repairs 
of  plant  are  included  ;  bnt  no  proJit  to  contractor.   (Original.] 


Depth 
io  Ft. 


■  than  10 
10  to  15 
15toi0 
SO  to  25 


CU  per  Yard, 
Id  plaoe. 


8.4 
9.8 

ii.a 

14.0 


Cta  per  Yard, 
ia  Boow. 


7 
8 
10 


Depth 
iu  Ft. 


S5toS0 
80  to  35 
15  to  40 


Cts  per  Yard,    Cta  per  Yard, 
in  place.  iu  s — 


18.2 
25.2 
15.0 


18 
18 
25 


For  towing  of  the  soowa  by  steam  tug*  to  a  dist  of  }i  mile,  and  dropping  the  mud  into  deep  water,  add 

4  oU  per  yard  iu  the  scow ;  for  }i  mile.  8  ott ;  for  ^  mile,  8  cts ;  for  1  mile,  10  cu.  Add  profit  to  con- 
tractor. On  a  small  scale  work  is  done  to  a  less  advantage ;  and  a  corresponding  increase  must  be  made 
in  these  prices.  Also,  if  the  contractor  himself  furnishes  the  dredgers  and  plant,  a  still  ftirtber  addi- 
tion must  be  made.  It  is  evident  that  the  subject  admiu  of  no  great  precision.  Small  jobs,  even  in 
fkvorable  material,  but  in  Inconvenient  positions,  may  readily  cost  two  or  three  times  as  much  per  yd 
as  the  above :  and  in  very  hard  material,  as  in  cemented  gravel  and  dav,  four  or  five  times  as  mnoik 
for  the  drtdging.    The  ooet  of  towing,  however,  will  remam  as  before,  if  wages  are  the  same. 

The  cost  of  dredgers,  tugs,  ftc,  will  vary  of  oonrse  with  their  capabilities,  strength  of  constrootloK, 
style  of  finish,  whetlier  having  aooommodatlons  for  the  men  to  live  on  board  or  not,  Ac.  When  fi^ 
use  in  salt  water,  the  bottoms  of  both  dredgers  and  scows  should  be  coppered,  to  protect  them  from  sea- 
worms  :  and  if  occasionally  exposed  to  high  waves,  both  should  be  extra  strong.  The  most  powerful 
machines  on  the  St  Lawrence  cost  about  S45000  each ;  and  removed  in  10  working  hours  on  an  average 
about  1800  cub  yds  in  plaoe.  or  2520  in  the  scows.  Good  machines,  capable,  under  similar  oiroumstanoea, 
of  doing  as  much,  may,  however,  be  built  for  about  $25000  to  tSOOOO.  To  remove  this  quantity  to  a 
dist  of  >^  to  1  mile,  would  reqaire  two  steam  tugs,  costing  about  tSOOO  to  $10000  each ;  and  4  to  6  scows. 
(some  to  be  loading  while  others  are  away,)  holding  from  SO  to  60  cub  yds  each ;  and  costing  from  $800 
to  $1500  each  at  the  shop.  Scows  with  two  hoppers  are  best.  Such  a  dredger  would  require  at  leaai 
8  or  10  men.  including  captain,  engineer,  fireman,  and  cook.  Each  tug  4  or  5  men;  and  each  scow  S 
meu.  The  engineer  should  be  a  blacksmith  ;  or  a  blacksmith  should  be  added.  In  oertain  eaeee  » 
phyKiolan.  clerk,  assistant  engineer,  Ac,  may  be  ne«ded. 

Dredgers  are  often  built  on  the  principle  of  the  Yankee  Excavator,  with  bnt  a  single  bucket  or  dip- 
per, of  from  1  to  2  cub  yds  capacity.  Hull  about  25  by  60  ft.  Draft  S  ft.  Cylinder  about  7  or  8  ins 
diam ;  15  to  18  inch  stroke ;  ordinary  working  pressare  M  to  80  Iks  per  sq  inch,  according  to  hardneaa 
of  material.  Cost  $8000  to  $l*J00O.  Will  raise  as  an  aV«rage  4ays'  work  (10  hours)  n^m  200  to  500 
yds  in  place,  or  280  to  700  in  the  scow,  according  to  the  depth,  nature  of  tlie  material,  Ao.    Reaoire 

5  or  7  men  in  all  aboard,  including  cook.  Burn  >^  to  1  ton  of  coal  daily.  Tolerably  large  bowlders, 
and  sunken  logs,  can  be  raised  by  the  dipper.* 

When  the  material  is  hard  and  compacted,  the  buckets  of  dredgers  should  be  armed  with  strong 
steel  teeth  projecting  from  their  cutting  edge.  On  arriviug  at  such  material,  every  alternate  bucket 
is  sometimes  unshipped.  By  arranging  the  bncketa  so  as  to  dredge  a  few  f^t  in  advance  of  the  hull, 
low  tongues  of  dry  land  may  be  ont  away ;  the  machine  thus  dSggiag  its  own  channel.  Tlie  dai^ 
work  in  such  eases  will  not  average  half  as  much  as  in  wet  aoil. 

On  small  operations,  dredseni  worked  by  two  or  more  liorsea, 
instead  of  by  steam,  will  answer  very  well  in  soft  material :  or  even  in  moderately  bard,  by  reducing 
the  slse  and  namber  of  the  buckets.  A  two-horse  maohine  will  rai.4e  from  50  to  100  yards  of  ordinary 
mnd  in  plaoe,  or  70  to  140  In  the  scow,  per  day,  at  from  12  to  15  ft  depth. 

Soft  material  in  small  quantity,  and  at  moderate  depth,  may  be  removed  by  th« 
slow  and  expenstve  mode  of  the  bacr-scoop,  or  ba||:-spoon. 

This  is  simply  a  bag  B,  made  at  canvas  or  leatlier,  and  havinf  Its 

mouth  aurrouuded  by  an  oval  iron  ring,  the  lower  part  of  which  ia 
sharpened  to  form  a  cutUog  edge.  It  has  a  fixed  handle  h.  and  a 
swivel  handle  i.    One  man  ponhes  the  bag  down  into  the  mud  by  *, 

_._.. ._ ..^  ..      — .._  .L 1  ^;  and  irhen  filled,  another 

If  the  bag  is  large,  a  wind- 
.  „  -  The  men  may  work  from  a  scow  or 
raft  properlf  anchored.  Or  a  long-handled  metal  spoon,  shaped  like 
a  deeply -dt Abed  hoe.  mav  be  used  by  only  one  man ;  or  a  larger  spoon 
may  be  gnlded  by  a  man.  and  dragged  forward  and  backward  by  a 
borse  walking  in  a  circle  on  the  scow,  Ae,  Ac. 

The  weigrbt  of  a  cnb  yd  of  wet  dredged  mud,  pure  sand,  or  gravel,  averages 
about  IJ/^  tons;  say  111  lbs  per  cub  ft;  muddy  gravel,  full  IJ^tons;  say  125  lbs  per 
cub  ft.  Fure  sand  or  gravel  dredges  easily;  also  beds  of  sheUs.  Wet  dredged  clay 
will  slide  down  a  shoot  inclined  at  from  5  to  1,  to  3  to  1,  according  to  its  freedom 
from  sjiud,  Ac;  but  wet  sand  or  gravel  will  not  slide  down  even  3  to  1,  without  a  free 
flow  of  water  to  aid  it;  otherwise  it  requires  much  pushing. 

*  The  writer  has  Keen  cases  in  which  a  efroular  1 

very  useful  addition  to  a  dredger.    It  should  be  worked  I 
depths.    It  woul  t  cost  but  about  $500. 

Tlie  American  Dred«rin«:  Co,  iro.  ss*  Waiam  st,  PUladm  «a«  drsdfcrs  «f 

many  patteraa ;  and  Qontraoi  for  dredging  on  any  so»l«. 


I  it  by  the'  ropn  c.  and  eraptMs  is. 
lass  may  be  used  for  raising  it._ 


If  for  logs  in  deep  water,  would  have  been  a 
I  by  steam;  and  be  a<yiiBtable  to  diObrcnt 
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A  TOLum  might  be  occupied  by  this  important  subject  Alone.  We  hare  gpace  for 
only  a  ft^w  general  bints ;  leaving  it  to  the  student  to  determine  how  Car  they  may 
be  applicable  in  any  given  case.  In  ordinary  cases,  as  in  culverts,  retaining  walls, 
Ac,  if  excavations,  or  wells,  Ac,  in  the  vicinity,  have  not  already  proved  that  the  soil 
is  reliable  to  a  considerable  depth,  it  will  uaually  be  a  suficieut  precaution,  after 
having  dng  and  levelled  off  the  foundation  pits  or  trenches  to  a  depth  of  3  to  6  ft.  to 
test  it  by  an  iron  rod,  or  a  pump^augw ;  or  to  sink  holes,  in  a  few  spots,  to  the  depth 
of  i  to  8  ft  farther;  (depeuding  upon  the  wei^tof  the  ivteoded  structure;)  to  asoer- 
tain  if  the  soil  continues  firm  to  that  distance.  If  it  does,  there  will  rarely  be  any 
risk  in  proceeding  at  once  wfth  the  masonry ;  because  a  stratum  of  firm  soil,  fW>m  4 
to  H  ft  thick,  will- be  safe  for  almost  any  ordinary  structure ;  even  though  it  should 
be  underlaid  by  a  much  softer  stratum.  If,  however,  the  firm  upper  stratum  is  ex- 
posed to  running  water,  as  in  the  case  of  a  bridge-pier  in  a  river,  care  must  be  taken 
to  preserve  it  from  gradually  washing  away;  or  from  becoming  loosened  and  broken 
up  by  violent  freshets ;  especially  if  they  bring  down  heavy  masses  of  ice,  trees,  and 
other  floating  matter.  These  are  sometimes  arrested  by  piers,  and  accumulate  so  as 
to  form  dams  extending  to  the  bottom  of  the  stream ;  thus  creating  an  increase  of 
Telocity,  and  of  scourMig  action,  that  is  very  dangerous  to  the  stability  both  of  the 
bottom  and  of  the  structure.  When  the  testing  has  to  be  made  to  a  considerable 
depth,  it  may  be  necessary  to  drive  down  a  tube  oi  either  wrought  or  cast  iron,  to 
prevent  the  soil  from  falling  into  the  unfinished  hole.  If  necessary,  this  tube  may 
be  in  short  lengths,  connected  by  screw  Joints,  for  convenience  of  driving ;  and  the 
earth  inside  of  it  may  be  removed  by  a  small  scoop  with  a  long  handle.f 

BorlnCS  In  eommon  soils  or  oUy  may  be  made  100  ft  deep  in  n.  dar  or  two  by  n. 
Mmmon  wood  anger  IH  ln«  diwn,  turned  by  two  to  fonr  men  with  S  n  levers.  This  will  bring  ap 
Mmples.    For  this  and  other  earth-boring  toola  «ee  p  CSS. 

In  starting  tiie  masonry,  the  largest  stones  should  of  course  be  placed  at  the  bot- 
tom of  the  pit,  so  as  to  equalise  the  pressure  as  much  as  possible;  and  care  shonld 
be  taken  to  bed  them  solidly  in  the  soil,  so  as  to  have  no  rocking  tendency.  Ilie 
next  few  courses  at  least  should  be  of  large  stones,  so  laid  as  to  break  joint  thoroughly 
witli  those  below.  The  trenches  should  be  refilled  with  earth  as  soon  as  the  ninsonry 
vrill  permit;  so  as  to  exclude  rain,  which  would  injure  the  mortar,  and  soften  the 
foundation.  It  is  well  to  ram  or  tread  the  earth  to  some  extent  as  it  is  being  deposited. 

If  the  tests  show  that  the  soil  (not  exposed  to  running  water)  is  too  soft  to  support 
the  masonry  then  the  pits  shonld  lie  made  considerably  wider  and  deeper:  and  after- 
ward be  filled  to  their  entire  width,  and  to  a  depth  of  from  3  to  6  or  more  ft,  (de- 
pending on  the  weight  to  l»e  sustained,)  with  rammed  or  rolled  layers  of  sand,  gravel, 
or  stone  broken  to  turnpike  siee ;  or  with  concrete  in  which  there  is  a  good  propor- 
tion of  cement.  On  this  deposit  the  masonry  may  be  started.  The  common  practice 
ill  such  cases,  of  laying  planks  or  wooden  platforms  in  the  foundations,  for  building 

•  Swhterranean  oaTenw  in  llmeatono  regions  are  a  frequent  Moroe  of  trouble,  again.t  which  it  la 
4IBcuJt  to  adopt  precaotione.  ♦ 
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upon,  i8  a  very  bad  one.  For  if  the  planks  are  not  constantly  kept  thoroughly  wet, 
they  will  decay  in  a  few  years ;  causing  cracks  and  settlements  in  the  masonry. 

Some  portions  of  the  circular  brick  aqueduct  for  supplying  Boston  with  water, 
gave  a  great  deal  of  trouble  where  its  trenches  passed  through  running  qnicksnnds, 
and  other  treacherous  soils.  Concrete  was  tried,  but  the  wet  quicksand  mixed  itself 
with  it,  and  killed  it.  Wooden  cradles,  Ac,  also  failed ;  and  the  difficulty  was  finally 
overcome  by  simply  depositing  in  the  trenches  about  two  feet  in  depth  of  strong 
gravel.*  Sand  or  gravel,  when  prevented  from  spreading  sidewayst^  forms  one  of  the 
best  of  foundations.  To  prevent  this  spreading,  the  area  to  be  built  on  may  be  sur- 
rounded by  a  wall;  or  by  squared  piles  driven  so  close  as  to  touch  each  other;  or  in 
less  important  cases,  by  short  Hheet  piles  only.  But  generally  it  is  sufficient  simply 
to  give  the  trenches  a  good  width ;  and  to  ram  the  sand  or  gravel  (which  are  all  the 
Ijotter  if  wet)  in  layers:  taking  care  to  compact  it  well  again&t  the  sides  of  the  trench 
also.  Under  heavy  loads,  some  settlement  will  of  course  take  place,  as  is  the  case 
in  all  fouudations  except  rock.  If  very  heavy,  adopt  piling,  Ac.  see  Grillaob,  p  641. 

Wlieii  ftn  unreliable  soil  overlies  a  flrm  one«  but  at  such  a  depth 

thai  the  excavation  of  the  trenohea  (which  then  most  evideatly  be  made  wider,  aa  well  aa  deeper,) 
becoroet*  too  troablesome,  and  expensive;  especially  when  (as  generailj  happens  in  that  case)  water 
Mrcolutes  rapidly  into  the  trenches  from  the  adjacent  strata,  we  maj  resort  to  piles.    See  p  641. 
When  making  deep  foundation  pits  in  damp  elay,  we  must  remember  that 

this  material,  being  soft,  has,  to  a  certain  degree,  a  tendency  to  press  in  every  direction,  like  water. 
This  eauseit  it  to  bulge  inward  at  the  sides ;  and  upward  at  the  bottom  The  excavations  for  toimels, 
or  for  vertical  shafts,  often  close  in  all  aronnd.  and  become  much  contracted  thereby  before  they  can 
be  lined :  therefore  they  should  be  dug  larger  than  would  otherwise  be  necessary.  The  bottoms  uf 
canal  and  railroad  excavations  in  moist  clay  are  frequently  pressed  upward  bv  the  weight  of  the  sides. 
l>ry  elay  rapidly  absorb-s  moisture  from  the  air,  and  swells,  produciDg  effects 

similar  to  the  foregoing.  Its  expansion  Is  attended  by  gi-eat  pressure :  so  that  retaining- walls  backed 
with  drv  rammed  clay  will  be  In  danger  of  bulging  if  the  clay  should  become  wet.    It  is  a  treacherous 

material  to  work  in.    For  concrete  tbnndaUons,  see  ps  680  <&c. 

As  to  tbe  ereAtest  load  that  may  safely  be  trusted  on  an  earth  founda- 
tion, Rankine  advises  not  to  exeeed  1  to  1.5  tons  per  sq  ft.  But  experience  proves  that  on  good  com- 
pact gravel,  sand,  or  loam,  at  a  depth  beyond  atmospheric  influences,  2  to  S  tons  are  safe,  or  even  4 
to  6  tons  if  a  few  ins  of  settlement  may  be  allowed,  as  is  often  the  ease  in  isolated  structures  without 
tremors.  Tears  may  elapse  before  this  settlement  ceases  entirely.  Pure  day,  especially  if  damp,  is 
more  compressible,  t^d  should  not  be  trusted  with  more  than  1  to  2.5  tona,  according  to  the  case.  All 
earth  foundations  must  yield  somewhat.  Equality  of  pressure  is  a  main 
point  to  aim  at.    Tremor  increases  settlements,  and  causes  them  to  continue 

for  a  longer  period,  eapeeially  in  weak  soils,  great  care  must  be  taken  not  to  overload  in  snob  oases, 
even  if  piled.  FmrndatlNW  in  sllty  BoUa  will  probably  settle,  in  years,  at  the  rate  of  from  3  to 
12  ins  per  ton  (up  to  'i  tons)  per  sq  ft  of  qvlet  load,  if  not  on  piles. 

Fig  2  shows  an  easy  mode  of  obtaining  a  foundation  in  certain  eases.  It  is  the 
^'plerre  perdne"  (lost  stone)  of  the  French;  in  English,  ^* random 
stone,"  or  rip-rap. 

It  is  merely  a  deposit  of  rough  angular  quarrr  stone  thrown  into  the  water:  the  largest  ones  being 
at  the  outside,  to  resist  disturbance  from  freshets,  ice.  floating  trees,  &c.  A  part  of  the  interior  may 
be  of  small  quarry  chips,  with  some  gravel,  sand,  day,  &o.  When  the  bottom  is  irregular  rook,  this 
proeess  saves  the  expense  of  levelling  it  off  to  receive  the  masonry.  For  2  or  3  feet  below  the  surface 
of  the  water,  the  stones  may  generally  be  disposed  by  hand  so  as  to  lie  doseand  firmly.  Small  spawls 
packed  between  the  larger  ones  will  make  the  work  smoother,  and  less  liableVo  be  displaced  by  violence. 
Cramps  or  chains  may  at  times  be  useful  for  connecting  several  of  the  large  stenM  together  for  greater 

Stability.    Rip-rap,  liowever,  is  apt  to  settle. 

ir  the  bottom  Is  so  yleldlnic  as  to  be  liable  to  wasli  away  in 

freshet«,  it  mi^,  in  addition,  be  protected,  as  in  Fig  :2,  by  a  covering  of  the  same  kind 

of  stones,  aH  at  c :  exteud- 
ing  all  aronnd  the  struc- 
ture. Or  the  main  pile 
of  stones  may  be  extend- 
ed as  per  dotted  line  at  <^ ; 
so  that  if  the  bottom 
should  wash  away,  as  per 
^>csN^^-.-  -  dotted  line  at  o,  the 
""*" — ■'  stones  d  will  fall  into 
the  cavity,  and  thus  pre- 
vent further  damage. 
Sheet-piles,  »  <,  may  be 
driven  as  an  additional  precaution.  For  greater  security,  the  bed  of  the  river  may 
be  dredged  or  scooped  under  the  entire  space  to  be  covered  by  the  main  deposit,  as 
per  dotted  lines  in  Fig  3,  to  as  great  a  depth  as  any  scouring  would  be  apt  to  reach; 

*  Smeaton  mentions  a  stone  bridge  built  upon  a  natursl  bed  of  (rravel  only  about  2  ft  thick,  over- 
lying deep  mud  so  soft  that  an  iron  bar  40  ft  long  sank  to  the  hesd  hy  iu  own  weight.  One  of  the 
piers,  however,  sank  while  the  arches  were  being  turned ;  and  wns  restored  by  Smeaton.  Although 
a  wrstched  precedent  for  bridge  building,  this  example  iUoatt-ates  the  bearing  power  of  a  Utiok  later 
M  weU-compaoted  gravel.  ♦ 
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Fig  3 


this  excavation  also  to  be  fined  wi^  stone.    Such  fonndaCIons  are  eTidentiy  best 
adapted  to  quiet  water.    Tlie  masonry  slionld  rest  on  a  strong  platform. 

Large  deposffai  of  utone,  ai  In  tbese 
two  figs,  trreaUv  inereaiie  the  Telocity, 
mBit  the  soouftng  aotion  of  the  stream 
aroand  them,  especially  In  freshet"* ;  un- 
less the  bottom  on  each  side  from  the  de- 
posit be  dredged  out  to  such  an  extent 
that  the  original  area  of  water  shall  not 
he  reduced.  If  the  bottom  Is  treacherous, 
this  lifaoald  be  done  befinre  depociting  the 
oATering  stones  c.  Fig  2.  Judgment  and 
experience  are  neoessarr  in  such  matters, 
ns  ia  all  others  connected  with  engineer- 
ing. Myere  study  will  not  guard  against 
eonstant  failures.  Theory  and  practice 
mnvt  guide  eaeh  other. 

Pig  S  is  another  simple  method;  and 
when  to  does  not  ereate  too  great  an  ob- 
struction to  the  narigation  of  the  stream,  or  to  the  escape  of  Its  waters  In  time  of  high  ft^bets,  Is  a 
very  efl^ctlTe  one.  Here  the  piles  are  first  driven  into  the  river  bottom,  for  the  support  of  the  pier; 
then  the  deposit  of  stone  is  thrown  In,  for  the  support  and  protection  of  the  piles;  preventing  them 
fW>in  bending  under  their  loads ;  and  shielding  them  from  blows  fVom  floating  bodies.  The  tops  of 
the  piles  being  cut  ofTto  a  lerel.  a  strong  platform  of  timber  Is  laid  on  top  of  them,  as  a  base  for  the 
masonry.  The  top  of  the  platform  should  not  be  less  than  about  12  or  18  ins  below  ordinary  low 
water,  to  prevent  decay.  Mitchell's  iron  screw  pile ;  or  hollow  plies  of  cast  iron,  may  be  used  in'atead 
of  wooden  ones.    See  pp  641  to  646. 

Figs  4  represent  a  convenient  metliod  of  establishing  a  foundation  in  water,  by 
means  of  a  timber  erib,  A  A^  witboat  a  bottom.  It  should  be  built  of 
squared  timbers,  notch- 
ed together  at  their 
crossings,  as  shown  at 
Fig  5;  each  notch  being 
^  of  the  depth  of  the 
stick.  By  this  means 
each  timber  is  support- 
ed throughout  its  entire 
length  by  the  one  below 
it;  and  resists  pulling 
in  both  directions.  Bolts 
also  are  driven  at  the 
intersections;  at  lenst 
in  the  sides  of  the  crib, 
to  prevent  one  portion 
from  being  floated  off 
from  the  other.  The 
crib  is  thus  divided  into 
square  or  rectangular 
cells,  from  2  to  4  or  5  ft 
on  a  side,  according  to 
the  requirements  of  the 
case.  The  partitions 
between  the  cells  are 
pift  together  in  the 
same  manner  as  those 
at  the  sides  of  the  cribs ; 
and  consequently,  like 
the  latter,  form  solid 
.wooden  walls. 

The  orib  may  be  ftrsmed  afloat,  at  any  convenient  spot ;  and  when  finished,  may  be  towed  to  lis 
final  place,  where  it  ia  carefully  moored  In  position,  and  then  sunk  by  throwing  stone  into  a  few 
cells  provided  with  platforms,  as  at  c  c,  for  that  purpose.  Tbese  platforms  should  be  placed  a  little 
above  the  lower  edge  of  the  cells,  so  as  not  to  prevent  the  orib  from  settling  slightly  into  the  soil,  and 
thus  coming  to  a  full  bearing  upon  the  bottom.  After  it  has  been  sunk,  all  the  cells  are  filled  with 
rough  stone.  A  stout  top  platform  may  bo  added  or  not,  as  the  case  may  be ;  also,  a  protection,  1 1,  of 
random  stone,  to  prevent  undermining  by  the  current.  If  the  sides  are  exposed  to  abrasion  from 
iee,  &e,  they  may  be  covered  in  whole  or  in  part  with  plank,  or  plate  iron  ;  and  the  angles  strength- 
ened by  Iron  straps,  ftc  In  deep  water,  a  foundation  may  be  made  partly  of  random  stone,  as  in 
Figs  2  and  8;  and  on  top  of  this  may  Im  sunk  a  crib,  with  its  top  about  2  It  under  low  water,  as  a  base 
for  the  masonry.    This  is  much  safer  than  random  stone  alone. 

On  oneven  rock  bottom  it  may  be  necessary  to  scribe  the  Iwttom  of  the 
crib  to  fit  the  rock ;  or  the  crib  may  first  be  sunk  by  means  of  a  loaded  platform  on  its  top,  or  by 
filling  some  of  its  cells,  until  its  lowest  timbers  are  within  a  short  distanoe  above  the  bottom.  Being 
there  kept  in  a  horizontal  position,  small  stones  may  be  thrown  inf«  the  cells,  and  allowed  to  find 
their  way  under  the  timbers  of  the  crib,  thus  forming  a  level  support  fur  it.  The  cells  may  then  bs 
filled ;  and  rip-rap  deposited  outside  around  the  crib  to  prevent  the  small  stones  from  being  displaced 
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A  crib  with  only  i»n  outside  row  of  cells  for  .sinking  it  may  be 

boilt  i  and  the  interior  cbamber  tnaj  be  filled  wttb  concrete  under  water.  The  masonry  may  then 
rest  on  the  concrete  alone.  If  the  crib  rests  u|ion  a  foundation  of  broken  stone,  the  upper  interstices 
of  this  stoue  shoold  first  be  levelled  off  by  small  stone  or  coarse  gravel  to  receive  tbe  couorete  of  tbe 
Inner  chamber. 

Or  a  crib  like  Fifp.  4  may  be  stink,  and  piles  be  driven  in  the  cells,  which 

may  afterirard  be  filled  with  broken  stone  or  concrete.  The  masonrr  may  then  rest  on  tbe  piles  onlv. 
which  in  turn  will  be  defended  i>y  the  crib.  If  tbe  bottom  is  liable  to  scour,  place  sbeet-pilea  or 
rip-rap  around  the  base  of  tbe  crib. 

By  all  means  avoid  a  crib  like  e.  Tig  5W,  much  higher  at  one  part 
than  at  another,  if  the  superglrncturf.  a  is  to  rest  on  th^.  timber  of  the  cHb  instead  of  on 

{tiles,  or  on  concrete  independent  of  the  timber :  for  the  high  part  of  the  erib  will  compress  more  under 
ts  load  than  the  low  part ,  and  will  thus  cause  the  superstructure  to  lean  or  to  eraok. 

A  crib  either  straight  sided  or  circular,  with  only  an  outer  row  of  cells  for  pnd- 
dliUK  may  be  used  as  a  cofferdam  (see  cofferdams,  p637).    The  joints 

between  the  outer  timlwrs  should  b«  well  caulked ;  and  care  be  taken,  by  means  of  outside  pile-planka, 
gravel,  Ac,  to  prevent  water  from  entering  beneath  it. 

Tiie  cast-iron  Bridge  across  the  Sciinylfcill  at  Ciiestniit  St, 

n....-     «...    a._. -,.•-...   "^uaas.  Engineer,  affords  a  striking  example  of  crib 

I  on  a  crib,  an  oblong  octagon  in  plan  ;  31  by  87  feet  at  baae  ;  24 

form)  'J9  ft  high.    Its  timbers  are  of  yellow  pine,  hewn  12  ins 

he  lower  timbers  were  carefully  cut  or  scribed  to  conform  to  tbe 

ook  upon  which  it  rests.    These  were  asoertained  Cafter  the  8  ft 

r)  in  tbe  usual  manner  of  mooring  above  the  site  a  large  Soatiaic 

era  corresponding  in  position  with  all  those  of  tbe  lower  eourae 

ual  and  trunsverAe.    Soundings  were  then  taken  close  together 

iit  of  the  cellM  are  abont  3  bj  i  ft  on  a  side,  in  the  clear.    A  few 

r  the  second  course  ttom  the  bouem,  for  reoeiviog  stone  for  sink* 

the  bottom. 

The  crib  wns  built  in  the  water ;  and  was  kept  floating,  during  its  oonstnictiod,  with  its  uofinisbed 

top  continually  just  above  water,  by  gradually  loading  it  with  more  stone  as  new  timbers  were  added. 

The  stone  required  for  this  purpose  alone  was  300  tons.    When  the  crib  was  towed  into  position,  and 

moored,  150  tons  more  were  added  for  sinking  |t.     All  the  cells  were  afterward  filled  wiUi  rough  dry 

stone,  aud  coarse  gravel  screenings :  making  a  total  of  1666  tons.    A  platform  of  1'/  by  12  ineh  squared 

timber  covered  the  whole;  its  top  being  2H  ft  below  low  water.    The  pier  alone,  which  stands  on  this 

crib,  weighs  3255  tons:  and  duriug  its  construction  it  compressed  the  crib  6^  ins.    Tbe  weight  of 

superstructure  resting  on  the  pier,  may  be  rougbly  taken  at  1000  tons  mora. 

An  ordinary  caisson  is  m  ;h- 

out  a  lid ;  and  with  sides  which  may  at  plea  oa 

land,  and  then  launched.    The  masonry  m  lile 

afloat;  and  tbe  whole  being  then  towed  int  Lbe 

river,  to  rest  upon  a  foundation  previoush  by 

merely  levelling  off  the  natural  surface,  &c.  tier 


oh 
ere 

ioh 


the 


from  the  bottom;  there  being  no  other  conflre- 
tion  between  the  two.  These  books  and  eyes 
are  usually  placed  outside  of  tbe  caisron :  iho 
screw  nuts  n  being  sustnined  bv  the  proj(«tiiig 
ends  of  cross  pieces,  as  tt,  Fig  9.  lbe  im- 
proper position  given  them  in  oar  Fig  was 
merely  for  convenience  of  illustrating  the  prin- 
ciple. It  will  sometimes  be  necessary  to  nave 
one  side  detschable  from  tbe  othewa,  in  order  to  float  tbe  caisson  away  clear  from  the  floished  pier; 
unless  it  be  floated  away  before  the  masonry  has  been  built  so  high  as  to  render  tbe  precaution  use- 
less. Fig  6  shows  one 'of  many  ways  of  constructing  a  caisson;  with  sides  consisting  of  nprigbt 
corner-postH,  I ;  cap  pieces  S,  un  top  ;  and  sills  g  at  bottom,  resting  on  tbe  bottom  platform  F  P  w.- 
Interniediate  uprights  T,  framed  into  the  caps  and  sills;  the  whole  being  covered  ootside  by  one  or 
two  thicknesses  of  planking  R,  which,  as  well  as  the  platform,  should  be  well  calked,  to  prevent 
leaking.  Tarpaulin  also  may  he  nailed  outside  to  assist  in  this.  The  greatest  trouble  f^m  leaking 
is  whore  the  sides  join  tbe  platform.  On  top  of  tbe  platform  is  firmly  spiked  a  timber  o  o,  extending 
all  around  it  Just  inside  of  tbe  inner  lower  edge  of  tbe  sides  of  the  caisson.  Its  use  ia  to  prevent 
the  sides  from  being  forced  inward  by  the  pressure  of  the  water  .outside.  The  details  of  eoostruotion 
will  of  course  vary  with  the  requirements  of  the  case.  In  deep  caissons,  inside  cross-braees  or  stmts 
from  side  to  side,  as  at  c  c,  Fig  7,  will  be  required  to  prevent  the  sides  from  being  forced  inward  bv 
the  pressure  of  the  water,  as  the  vessel  gradually  sinks  while  the  masonry  is  being  built  within  it. 
As  the  masonry  is  carried  up.  the  stmts  are  removed ;  and  short  ones,  extending  from  tbe  sides  of 
the  calasoo  to  the  masonry,  are  inserted  in  their  place.  When  the  caisson  is  shallow,  onlv  the  upper 
"iourse  of  braces  will  he  required,  they  also  support  a  pl:itform  for  the  workmen  and  their  materials, 
nt^?  *^""**"2* '"  '*'■'**'■  "°'  ^  ^^  '°  '•»«  ^'^y  <^^  '•»«  masons,  the  outer  planking  of  the  sides  may, 
m.  «''*dually  built  up  as  the  masonry  progres^s  It  may  sometimes  be  expedient  to  bulM 
masonry  hollow  ut  first,  with  thin  transverse  walls  inside  to  stiffen  it  if  necessary  ;  and  too 
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Klete  tb«  Isterior  after  sinking  the  eninoo.  Indeed,  matonry  or  brtekwork,  tn  oement,  may  thai  be 
uiU  boUow  lU  first,  restiug  on  the  platform ;  the  masonry  itself  forming  tbe  sides  of  the  caisson. 
Or  the  sides  may  consist  of  a  water-tight  casing  of  iron,  or  wood,  of  tbe  shape  of  tiM  intended  pier, 
to.  This  casing  being  oonflaed  to  the  platform,  becomes,  in  fact,  a  mould,  in  which  the  pier  n^  be 
formod,  and  snnk  at  tlie  same  time  by  Ailing  it  with  hydraulic  concrete.  For 
eonerete  fonndations,  see  p  680  Ac 

On  rook  bottom  the  under  timbers  of  the  platform  may  be  cnt  to  suit  the  irregularities 
as  already  stated  under  "  Cribs."  Or  the  bottom  may  bo  levelled  up  by  first  depositing  large  stones 
around  the  area  upon  which  tbe  caisson  is  to  rest ;  and  then  filling  between  these  with  smaller  stones 
tLUtl  grarel;  testing  the  depth  by  sounding.  Or  a  level  bed  of  cement  concrete  may,  with  care,  be 
deposited  in  the  water.  If  there  are  deep  narrow  oreirices  in  the  rock,  tlirongb  which  tbe  concrete 
may  escape,  they  may  be  first  covered  with  tarpaulin.  Dirtng  >iell8  may  often  be  used  to  advantage, 
ill  all  such  operations.  But  in  the  case  of  very  trregnlar  rook,  it  will  often  be  better  to  resort  to  cof- 
fer-dams. Tbe  draft  of  a  caisson  (the  depth  of  water  which  it  draws)  whether  empty  or  loaded,  can 
be  foand  by  page  236.  Valrea  fbr  the  admission  of  water  for  sinking  the  caisson  are 

usually  introduoed.  If,  After  sinking,  it  should  be  neoevsary  to  again  raise  tbe  whole,  it  is  oniT 
necessary  to  close  tbe  valves,  and  pump  out  the  water.  Guide  piles  may  be  driven  and  braced  along* 
side  of  the  caisson,  to  insure  its  sinking  vertically,  and  at  the  proper  spot.  Or  it  may  be  lowered  by 
■crews  supported  by  strong  temporary  framework. 


Assuming  the  npiights  I,  T,  Ac.  Fig  6,  to  be  sufflciently  braced,  m  at  ee.  Fig  7,  tha  following  table 
rill  show  tbe  thickness  of  planking  necessary  for  difTerent  distances  apsrt  of  the  nprl^^ts,  (in  the 
clear,)  to  Insure  a  safety  of  six  against  the  pressure  of  the  water  at  different  depths;  and  at  the 


same  time  not  to  bend  inward  nnder  said  pressure,  more  than  -r}^  P^^t  of  the  distance  to  which 
ther  stretch  from  upright  to  upright;  or  at  the  rate  of  ^  inch  in  10  ft  stretch  ;  H  inch  in  6  ft,  &o. 
Bach  a  table  may  be  of  use  in  other  maUera. 

Table  of  UiiclcneM  of  white  pine  plank  ife«|nlred  not  to  bend 
more  tban  j\^  part  of  Its  elear  borlxontal  streteb,  under 
€Ufferent  beads*  of  water.   (Original.) 


1 

HTSADS  rer  feet. 

Stretch 

luPt. 

40 

so      1       20      1       10 

1/ 

ThlefcB«ss  Id  Inches. 

8H 

2H 

2K 

1^ 

*H 

s« 

2« 

2^ 

•« 

?H 

■t^ 

S^ 

10 

11M 

10 

8« 

7 

5^ 

1*2 

l»« 

nU. 

lOH 

8X 

6^ 

15 

IBH 

16 

13 

10>i 

8^ 

ao 

22H 

20 

nn 

14 

11 

CoflTer-dams  are  enclosures  from  which  the  water  may  be  pnmped  out,  so  as 
to  allow  the  work  to  be  done  in  the  open  air.  Their  construction  of  course  varies 
greatly.  In  still  shallow  water,  a  mere  well-built  bank  of  clay  and  gravel;  or  of 
bags  partly  filled  with  those  materials  when  there  is  much  current,  will  answer 
every  purpose ;  or  (dependi  ng  on  the  depth )  a  single  or  double  row  of  sheet-piles ;  or  of 
squared  piles  of  larger  dimensions,  driven  toucliing  each  other;  their  lower  ends  a 
few  feet  in  the  soil ;  and  their  upper  ones  a  little  above  high  water,  and  protected 
outside  by  heaps  of  gravelly  soil  or  puddle,  (as  at  P  in  Fig  7,)  to  prevent  leaking. 
The  sheet-piles  may  be  of  wood;  or  of  cast  iron,  of  a  strong  form. 

The  saffieiency  of  a  mere  bank  of  well-packed  earth  in  still 
water,  is  shown  by  the  embankments  or  levees,  thrown  up  in  all  countries,  to  pre- 
vent  rivers  from  overflowing  adjacent  low  lands.  The  general  average  of  the  levees 
along  700  miles  of  the  Mississippi,  is  about  6  ft  high ;  only  3  ft  wide  on  top ;  side- 
slopes  ly^  to  1.  In  floods  the  river  rises  to  within  a  foot  or  less  of  their  tops ;  and 
frequently  bursts  through  them, doing  immense  damage.  They  are  entirely  too  slight. 

The  method  of  a  single  row  of  12  by  12  inch  squared  piles,  driven  in  contact  with 
each  other,  (close  pil^s^  And  simply  backed  by  an  outer  deposit  of  impervious  soil, 
is  very  effective;  and  with  the  addition  of  interior  cross-braces  or  struts,  like  cc,  Fig 
7,  to  prevent  cruHhiiig  inward  by  the  outside  pressure  of  the  water  and  puddle  when 
pumpcNcl  out,  has  l)een  successfully  employed  in  from  20  to  25  ft  depth  of  water,  in 
which  there  was  not  sufilcient  current  to  wash  away  the  puddle.  The  cross-braces 
are  inserted  successively,  as  the  water  is  being  pumped  out;  beginning,  of  course, 
with  the  upper  ones.  The  ends  of  these  braces  mav  abut  on  longitudinal  timbers, 
bolted  to  the  piles  for  the  purpose.  Another  method  is  a  nironie  crib,  com- 
posed of  uprights  framed  into  caps  and  sills ;  and  covered  outside  with  squared 
timbers  or  plank,  laid  touching  each  other,  and  well  calked ;  as  in  the  caisson.  Fig 
6 :  but  without  a  bottom.  Between  the  opposite  pairs  of  uprights  are  strong  Interior 
struts,  wtec,  Fig  7,  reaching  from  side  to  side,  to  prevent  crushing  inward.    Tbe 
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upper  series  of  these  usually  snpportii  a  platform  for  the  workmen,  windlMses*  ko, 
The  (.rib  having  been  built  on  iHud,  is  launched,  taken  to  its  final  place,  and  sunk  hj 
piling  stones  on  a  temporary  platform  resting  ou  the  cross-struts ;  the  bottom  of  the 
stream  having  been  previously  levelled  off,  if  necessary,  for  its  reception. 

To  prevent  leaking  ander  the  bottom  of  tbe  orib,  sheet-piles  xamj  be  driven  sround  it,  their  bemds 
extending  a  few  feet  above  it*  boUom ;  or  a  small  deposit  of  oatside  puddle  may  be  placed  around  it, 
as  whown  at  tbe  stone  deposiu  1 1,  Fig  4.  Or  a  broad  flap  of  tarpaulin  may  be  closely  nailed  around 
and  a  little  above  the  lower  edge  of  the  orib ;  so  arranged  that  it  may  be  spread  out  loosely  on  tbe 
river  iMttom.  to  a  width  of  a  few  feet  all  around  the  outside  of  the  crib ;  and  the  puddle  may  be  placed 
upon  it.  Such  a  tarpaulin  is  also  very  useful  in  case  the  river  bottom  is  somewhat  irregular,  and 
cannot  be  levelled  off  without  too  great  expense ;  in  which  case  the  orib  cannot  come  to  a  full  bearing 
upon  it:  and  consequently  the  water  would  leak  or  flow  beneath  fl-eely.  It  is  especially  adapted  to 
uneven  rook  :  where  8heec>pileB  oaunot  be  driven.  An  artificial  stratum  of  impervious  soil  may,  how- 
ever, be  deposited  on  bare  rock :  in  whtoh  case  tbe  sinking  of  the  crib,  and  the  subsequent  operations 
will  be  the  same  as  on  a  natural  stratam.  These  expedients  are  evidently,  more  or  less  applicable  in 
other  oaies,  where,  to  avoid  repetition,  they  are  not  specially  mentioned. 


Ktf»7 


Plan. at  one  end. 


Tig  7  is  another  erlb  eikflTer-dain ;  in  which  the  sides,  instead  of  being 
phinked  longitudinally,  as  in  the  last  instance,  are  sheathed  with  vortical  sheet-piles 
*,  driven  after  the  crib  is  sunk.  It  is  much  inferior  to  the  last,  owing  to  its  greater 
liability  to  leak.  In  one  of  this  description.  Pig  7,  successfully  used  in  16  ft  water, 
the  dimensions  of  the  crib  were  34  ft  by  8()  ft.  Along  each  long  side  were  7  uprights  t,  t, 
19  ft  long,  12  ins  square,  \2%  ft  apart.  Into  each  opposite  pair  of  these  were  notched, 
and  held  by  dog-irons,  6  cross-braces  c  c,  of  12  ins  square.  The  distance  between  the 
two  upper  ones  was  3  ft  in  the  clear ;  gradually  diminishing  to  18  ins  between  the 
two  lower  ones,  on  account  of  the  increased  pressure  of  the  water  in  descending.  On 
the  outside  of  the  uprights,  and  opposite  the  ends  of  the  braces,  were  bolted  longl* 


SECTION.  PLAN. 

tudinal  timbers  to  support  the  outside  pressure  against  the  3-lnch  sheet-piling  f«. 
Other  longitudinal  pieces  o  o,  confine  the  heads  of  the  sheet-piles  to  the  top  of  the 
crib  after  they  are  driven.  The  feet  of  the  sheet-piles  were  cut  to  an  angle,  as  at  m ; 
to  make  them  draw  close  to  each  other  at  bottom  in  driving. 

The  sheet-pilos  will  drive  in  a  far  more  regular  and  satisfactory  manner,  with  the 
'arrangement  shown  in  Figs  S.    Here  o  o  are  the  uprights ;  c  c  are  pairs  of  longitudinal 
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pieces,  notched  and  bolted  to  the  uprights,  near  both  their  tops  and  Ihpir  feet ;  and 
at  as  man  V  intermediate  points  as  may  l>e  desired.  The  sheet-piles  I,  are  inserted 
bet  weeu  these ;  and  of  course  are  guided  during  their  descent  much  more  perfectly 
than  in  Fig  7.    The  crib  at  (op  of  p  936  may  be  used  as  a  cofferdam. 

When  the  current  is  too  strong  to  permit  the  use  of  outside  puddle,  P,  Fig  7,  thfl 
principle  of  coffer-dam  nhown  in  Fig  9,  is  generally  used ;  in  which  both  sides  of  the 
pnddie  are  protected  from  washing  away.  The  space  to  Im  enclosed  by  the  dam  is  sur 
rcHinded  by  two  rows  of  firmly-driven  main  piles  p  p,  on  which  the  strength  chiefly 
depends.  They  may  be  ronnd.  In  deciding  npou  their  number,  it  must  be  rem^m' 
bered  that  they  may  have  to  resist  floating  ice,  or  accidental  blows  from  vessels,  Ac 
'With  reference  to  tliis,  extra  /enc2er-piles  may  be  di-iven.  A  little  below  the  tops  of 
the  main  piles  are  bolted  two  outside  longitudinal  pieces  to  to,  called  waleg;  and  oppo- 
site to  them  two  inner  ones,  as  in  the  flg.  The  outer  ones  serve  to  support  cross- 
'tinibei-8  t  <,  which  unite  each  pair  of  opposite  piles,  and  steady  them ;  and  prevent 
their  spreading  apart  by  the  pressure  of  the  puddle  P.  The  inner  ones  act  as  guides 
for  the  sheet  piles  s  <,  while  being  driven ;  after  which  the  heads  of  the  sheet-piles 
are  spiked  to  them.  In  de«p  water  these  sheet-piles  must  be  very  stout,  say  12  ins 
square ;  to  resist  the  pressure  of  the  compacted  puddle. 

A  ignnffWHy  m,  is  often  laid  on  top  of  the  cross-pieces  1 1,  for  the  use  of  the 
workmen  in  wheeling  materials,  Ac.  The  puddle  P  is  deposited  in  the  wnter  in  the 
space,  or  boxing,  between  the  sheet-piles.  It  should  be  put  in  in  layers,  and  com- 
pacted as  well  as  can  be  done  without  causing  the  sheet-piles  to  bulge,  and  thus  open 
their  Joints.  The  bottom  of  the  puddle-ditch  should  be  deepened,  as  in  the  fig,  in 
case  it  consists,  as  it  often  does,  of  loose  porous  material  which  would  allow  water  to 
leak  in  beneath  it  and  the  sheet-piles.  This  leaking  under  the  dam  is  frequently  a 
source  of  much  trouble  and  expent;e.  Water  will  find  its  way  readily  throneh  almost 
any  depth  and  distance  of  clean  coarse  gravelly  and  pebbly  bottom,  unmixed  with 
earth.  Sand  is  also  troublesome ;  and  if  a  sti-atum  of  either  should  present  itself  ex- 
tending to  a  great  depth,  it  will  generally  be  expedient  to  resort  to  either  simple 
cribs,  Fig  4;  or  to  caissons;  with  or  without  piles  in  either  case,  according  to  cir- 
cumstHnces.  But  if  such  open  gravel,  or  any  other  permeable  or  shifting  material, 
as  soft  mud,  quicksand,  Ac,  is  present  in  a  stratum  but  a  few  feet  in  thickness,  and 
underlaid  by  stiff  clay,  or  other  safe  material,  leaking  may  be  prevented,  or  at  least 
much  reduced,  by  driving  the  sheeting-piles  2  or  3  ft  into  this  last ;  and  by  deepening 
the  puddle-trench  to  the  same  extent.  It  may  sometimes  be  better,  Hud  more  con- 
veiiient,  to  dredge  away  the  bad  material  entirely  from  all  the  space  to  be  enclosed 
by  the  dain,  and  for  a  short  distance  beyond,  before  commencing  the  construction  of 
the  latter.  If  the  dam.  Fig  9,  is  (as  it  should  be)  well  provided  with  cross-braces, 
like  e  c.  Fig  7,  extending  across  the  enclosed  area,  the  thickness  or  width  o  o  of  the 
paddle,  need  not  be  more  than  4  or  6  feet  for  shallow  depths ;  or  than  5  to  10  ft  for  great 
ones:  because  its  use  is  then  merely  to  prevent  leaking.  But  if  there  are  no  braces, 
it  must  be  made  wider,  so  as  to  resist  upttetting  bodilv;  and  then,  with  good  puddle, 
o  o  may,  as  a  rule  of  thumb,  be  ^  of  the  vertical  depth  o  /  below  high  water;  except 
when  this  gives  less  than  4  ft;  in  which  case  make  it  4  ft;  unless  more  should  be 
required  for  the  use  of  the  workmen,  for  depositing  materials,  Ac.  Or  if  the  excavation 
for  the  masonry  is  sunk  deeper  than  the  puddle,  the  dam  must  be  wider ;  else  it  may 
be  upset  into  the  excavated  pit. 
Tlie  ex^avAtMl  noil  may  be 

niMd  In  buokeu  by  wUidlaisM,  or  br  band.  In  FLAtI 

■aooeiMlve  stages.    The  pomps  may  oe  worked  Hi^^^H^HHii 

by  band,  or  by  ateam,  as  the  caj<e  may  reqatre; 
a«  alM>  tbe  windlasses  geoemlly  needed  for 
lowering  mortar,  stooe,  Ac.  More  or  less  leak- 
ing may  always  be  anticipated,  notwithstandlDg 
•rery  preeaation. 

Wbere  a  ooffbr-dam  is  exposed  to  a  Ttolent  m    mi    hh  iniuipi^ "'" 'T  IW  li'       ill 

enrrent,  and  great  danger  from  lee,  Ac,  the  ex-  HBgS||g^^^|^auaigattB|^B  m  t.tlSlU 

pensive  mode  sbown  in  Pigs  10  may  beeeme  ^^^^^^^^^^^^^^^^M       J 

neeassary.  Tbe  two  blaok  rectangles  o  e,  repre- 
sent two  lines  of  rough  oribs  filled  with  vtone. 
and  sunk  in  position;  one  row  being  enclosed 
by  the  other ;  with  a  spsee  sereral  feet  wide  be- 
tween them.  Sheet- piles  p  p  are  then  driven 
amand  the  oppoMite  faces  of  the  two  rows  of 
cribs :  and  tbe  pnddie  is  deposited  within  the  boxing  thns  provided  for  it,  as  shown  in  the  Bg. 

Where  the  enrrent  is  not  strong  enough  to  wa«h  away  grarel  backing,  we  may.  on  rock  especially, 
enclose  the  spsee  to  be  bnilt  on,  by  a  single  qnadmngle  of  oribs  sunk  by  fitone;  and  after  sdopting 
preoantions  to  preTent  the  gravel  f^m  being  pressed  in  beneath  tbe  oribs,  apply  tbe  backing.* 

Figs  10^^  show  the  plan,  outside  view,  and  transverse  section,  to  a  scale  of  20  ft  to 
an  inch,  of  a  coffer  dam  on  rock,  in  8  to  9  ft  water,  used  successftilly  on  the  SchuylkiH 
Navigation. 

*  A  pare  clean  eoarse  gravel  is  entirely  nnllt  fbr  soch  pvrposes.  A  oonsiderable  proportion  oC 
earth  Is  esaential  tor  preventing  leaks. 
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CnflTei'-d  ADI  on  r<H!k.  Uprlgbm  h,  about  l  ft  square,  and  10  ft  apart  from  eeaur  toeeatcr 

alo&if  ihe  sided  uf  the  dam ;  aud  10  ft  in  the  clear,  transrersel;  of  the  dam,  support  two  lioea  of  hori- 
lontil  fltriugers,  ii;  ioiiide  of  which  are  the  two  lines  of  sheeting-pile.^,  a  s,  enclosing  between  tbem 
a  width  of  1  ft  of  gravel  paddle.  Two  fiat  Iron  bars  (( t,  of  ths  transverse  section)  tie  together  ««eh 
pair  of  uprights  b  6.  These  bars  are  14  iuob  thick,  by  2>^  ius  deep,  and  9  ft  long.  Their  booked  end* 
lit  into  eye-bolts  c,  which  pass  through  the  uprights  b ;  outside  of  which  thej  are  fastened  bj  k.^»,k, 
'see  detail  sketch.)  B^ween  the  keys  and  b,  were  washers.  At  the  comers  of  the  dam  (see  plan) 
were  adilitional  tie-bars,  as  shown.  A  small  band  of  straw,  as  seen  aty,  wrapped  around  the  tie- 
bars  Just  inside  of  the  sheet-piles  ;  and  kept  in  place  bj  the  puddle ;  eflbetuallj  prevented  the  leaking 
which  generallj  proves  so  troublesome  in  such  oases.  Tbe  stout  oblique  braces,  o  Oy  were  mer^lj 
spiked  to  tbe  outside  faces  of  tbe  uprights  6.  Thej  are  not  shown  in  tbe  transverse  section.  This  dam 
was  built  on  shore;  in  sectious  30  to  40  ft  long.  These  were  floated  into  place,  and  weighted  down, 
shpet-piled,  and  paddled  with  gravel.  The  dam  had  sluices  by  which  water  was  admitted  when 
necessary  Ibr  preventing  the  outside  head  from  exceeding  9  ft.  The  lengths  of  the  nprighta  6  b  were 
flrat  found  bj  oaref  ol  Mundings. 


Valuable  hints  for  coffer-dams  may  be  taken  from  i^at  is  said  under  "  Dams,**  pp 
282  etc,  where  Fig  1  affords  ns^ui  suggestions  for  coffer-dams  also,  on  rock  in  shiOlow 
water. 

Tbe  moortny  of  laripe  caissons  or  cribs,  preparatory  to  sinking 
tbam,  is  sometimes  troublesome,  especially  in  strong  currents.  It  may  be  neces- 
sary to  drive  clumps  of  piles;  or  to  temporarily  sink  rough  cribs  filled  with  stone, 
to  which  to  attach  the  long  gnide-ropes  by  which  the  manoeuvring  into  position,  Ac, 
is  done.  Frequently  dams  are  left  standing  after  the  work  is  done ;  if  not  in  the  way 
of  navigation,  or  otherwise  objectionable ;  inasmuch  as  the  materials  are  rarely  worth 
the  expense  of  removal.  But  if  removed,  the  piles  should  not  be  drawn  out  of  th« 
ground ;  but  be  cti*  ojf  close  to  river  bottom ;  for  if  drawn,  the  water  entering  their 
holes  may  soften  the  soil  under  the  masonry.  It  is  often  expedient  to  drive  two 
rows  of  piles  from  the  dam  to  the  shore,  for  supporting  a  gangway  for  the  workmen; 
or  even  for  horses  and  carts ;  or  for  a  railway  for  the  easy  deUvery  of  large  stones;  &c. 

CoflTer-dams  ntt^y  he  snnb  tbrooffh  a  soft)  to  a  firm  soil,  in 
shape  of  a  box  of  cribwork,  either  rectangular  or  circular,  and  without  a  bottom. 
This  being  stronglv  put  together,  and  provided  with  proper  temporary  internal 
bracing,  (to  be  gradually  removed  as  the  masonry  is  built  up,)  is  floated  into  place; 
and  after  being  loaded  so  as  to  rest  on  the  soft  bottom,  is  sunk  by  dredging  out  the 
soft  material  from  insido.  Additional  loading  will  sometimes  be  required  for  over- 
comlDff  the  friction  of  the  soil  against  the  outside ;  or  it  may  even  become  BeoeaMurv 
to  dredge  away  soma  of  tbe  outer  material  also.  On  rock  it  may  at  times  be 
expedient  to  drill  holes  in  deep  water,  for  receiving  the  ends  of  piles,  or  of  iron  mds, 
Ac.  This  may  be  done  by  means  of  long  drill-rods,  working  in  an  iron  tube  or  pipe 
sunk  as  a  guide  to  the  rod;  with  its  lower  end  over  the  spot  to  be  Imrod.  Or  adivioff- 
bell  may  be  used.  Or  a  cylinder  of  staves  4  to  12  inches  thick,  long  enough  to 
reach  above  the  surface,  and  having  a  broad  tarpaulin  flap  or  apron  around  its  lower 
edge,  to  be  covered  with  gravel  to  prevent  leaking:  maybe  sunk,  and  the  water 
pranped  out,  to  allow  a  workman  to  descend,  and  work  in  the  open  air. 

Piles.  When  driven  in  close  contact. as  in  Fig  11,  for  preventing  leakage;  for 
confining  puddle  in  a  coffer-dam :  or  for  enclosing  a  piece  of  soft  or  sandy  ground,  to 
prevent  its  spreading  when  loaded ;  or  if  the  outside  soil  should  wash  away  ttom 

Cost  of  piles  delivered  at  wharf,  Pbilada.  1888.  Hemlock,  5  to6cts  per  foot  lineal.  Bsj 
yellow  pine,  up  to  35  ft,  6  cts,  Southern  yellow  pine,  10  eta. 
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•round  them,  Ac,  they  are  called  sheet-piles.    Generally  theae  are  thinner  than 
they  are  wide ;  but  fre- 
quently they  are  square;  "t 
and  as  large  wa  bearing                   I — | — , — ^          ^^^^^^^rn 
piles;  and  are  then  called                   I    I     1    ■          ^S^^^^aw^^s  J"- 
elose  piles.  To  make 
them    drive    tight    to- 
gether   at    foot,    they 
are  cut  obliquely  as  at 


Ilia 
LLiJ 


/.    Occasionally,  when     \^W      L  L    I    ■ 
driven    down   to   rock      S>J        ^''Tr^^ 


down  to  rock 
through  soft  soil,  their 
feet  are  in  addition  cut 

to  an  edge,  as  at  t,  so  aa  in*     a^ 

to     become    somewhat  JiiC|J.l. 

bm  ised  when  they  reach 
the  rock,  and  thus  fit  closer  to  its  surfiwe.  Their  heads  are  kept  in  line  while  dnr- 
i^Sy  I'y  means  of  either  one  or  two  lougitudinal  pieces  a  and  o,  called  waleM  or 
stringers.  These  wales  are  supported  by  gavgf.-piles,  or  guide-piles^  previously  driven 
in  the  required  line  of  the  work,  and  sevend  ft  apart,  lor  this  purpose,  bee  Figs  8. 

A  dos'l'VB  d«  of  round  iron,  may  alao  be  tued  for  keeping 
the  edges  of  the  pile*  elose  at  top  to  those  previously  driren,  both 
faring  and  after  the  driving.  Its  sharp  ends,  e  c,  being  driven  into 
the  tops  of  the  wales  wv>,  (tbowu  iu  plan,)  it  holds  the  descending 
pile  o  firmly  in  place.  Kt.n,d,p,  Fig  11,  are  other  modes  oocasionallj 
used  for  keeping  the  piles  in  proper  line.  At p,  the  letters  «  «  denote 
•mall  pieces  of  iron  well  screwed  to  the  piles,  a  little  above  their  feet, 
to  act  as  guides ;  verj  rarely  used.  At  m  aro  shown  wooden  tongaes 
1 1,  sometimes  driven  down  between  the  piles  after  they  themselves 

hare  been  driven;  to  assist  In  preventing  leaks.     In  some  ease*  xi>     ^t% 

•heet-piles  are  employed  without  being  driven.    A  trench  is  Brst  l!'tC]  J^ 

dag  to  their  full  depth  for  receiving  them :  and  the  piles  are  slmplv  '' 

^aoed  in  these,  which  are  then  refilled.  Closer  Jointe  can  be  secured  in  tbte  manner  than  by  driving. 

When  piles  arc  intended  to  sustain  loads  on  their  tops,  whether  driven  all  their 
length  into  the  ground,  or  only  partly  so,  as  iu  Fig  3.  they  are  called  beMrlng: 
piles.  They  are  generally  round ;  from  9  to  18  ins  dinm  at  top ;  and  should  be 
straight,  but  the  bark  need  not  be  removed.  White  pine,  spruce,  or  even  hem- 
lock, answer  very  well  in  soft  soils ;  good  yellow  pine  for  firmer  ones ;  and  hard 
oaks,  elm,  beach,  <fec,  for  the  more  compact  ones.  They  are  usually  driven  from  about 
2]4  to  4  ft  apart  each  way,  from  center  to  center,  depending  on  the  character  of  the 
sou,  and  the  weight  to  be  sustained.  A  tread-wlieel  is  more  economical  than 
the  winch  for  raising  the  hammer,  when  this  is  done  by  men.  Morin  found  that 
the  work  performed  by  men  working  8  hours  per  day,  was  8900  foot-poundb  per  man, 
per  minute  by  the  tread-wheel;  and  only  2600  by  a  winch. 

After  piles  baTe  been  driTen,  and  their  heads  careftilly  sawed  off  to 

a  level,  if  not  under  water,  the  Rpnoes  between  them  are  in  imporUnt  oases  filled  up  level  with  their 
tops  with  well  rammed  gravel,  stone  spawls,  or  concrete,  in  order 
to  impart  some  sostiOniog  poWer  te  the  soli  between  the  piiee.  Two 
oourses  of  stoat  timbers,  Cfrom  8  to  12  ins  sqaare.  according  to  the 
weight  to  be  carried)  are  then  bolted  or  treenaiied  to  the  tops  of  the 
__.    _  piles  and  to  each  other,  as  shown  in  the  Pig.  forming  what  is  called 

'-   'I      inf  a  icrillase.    On  top  of  these  is  bolted  a  floor  or  plat- 

form of  thick  plank  for  the  support  of  the  masonry ;  or  the  timbers 
of  the  upper  course  of  the  grillage  may  be  laid  close  together  to  form  the  floor.  The  space  below  the 
floor  shonid also,  in  important  cases,  be  well  packed  with  gravel,  spawls,  or  concrete. 
If  under  water,  the  piles  are  sawed  off  by  a  diver,  or  by  a  circular  saw  driven 
by  the  engine  of  the  pile-driver,  and  the  grillage  is  omitted.  Instead  of  it  the  masonry  or  concrete 
may  be  built  in  the  open  air  in  a  caisson,  which  gradually  sinks  as  it  becomes  filled  ;  or  on  a 

strong  platform  which  is  lowered  upon  the  piles  by  screws  as  the  work  progresses.  Or  a  strong 

eaissou  may  first  be  suuk  entirely  under  water,  and  then  be  filled  with  oonerete,  up  to  near 

low  water;  (he  oaissoo  beiug  allowed  to  remain.  Or  the  caisson  may  form  a  cofferdam,  to  be  flrit 
sunk,  and  then  pumped  oat.  If  the  ground  is  liable  to  wash  away  from  around  the  piles,  as  iu  the 
ease  of  bridge  piers,  Ao,  defend  it  by  aheel-pUee,  or  rip- rap,  or  both. 

The  eosft  of  a  fleatinir  steam  pile  driver,  in  PhiUda,  scow  u  ft  by  so  ft, 

draft  18  las,  with  one  engine  for  driving,  and  one  (to  save  time)  for  getting  another  pile  ready  ;  with 
one  ton  hammer,  is  about  $6000;  and  tSOO  more  will  add  a  circular  ^aw.  &c,  for  suwiug  off  piles  at  any 
read  depth.  Requires  engineman,  cook,  and  4  or  5  others.  Will  bum  about  half  a  ton  of  coal  per  dsr. 
Dnving  20  ft  into  gravel,  and  sawing  off.  will  average  flrom  16  to  20  piles  per  day  of  10  hours.  In 
mud  about  twice  aa  many.    On  land  about  half  as  many  as  in  water. 

Tbe  STOnpOWder  pile  driver  invented  by  Mr.  Thomas  Shaw,  the  well-known 
mechanioal  engineer  of  Fhilada.  is  a  very  meritorious  machine.  The  hamuier  is  worked  by  wmail 
oertridges  of  powder,  placed  one  by  one  In"  a  receptacle  on  top  of  the  pile :  and  exploded  by  tbe  ham- 
mer itself.  It  can  readily  make  SO  to  40  blows  of  6  to  10  ft.  per  minute ;  and,  since  tbe  hammer  does 
not  come  into  actual  contact  with  tffe  piles,  it  does  not  Injure  their  heads  at  all ;  thus  dispenMog 
with  Iron  hoops.  Ac.  for  preserving  them.     When  only  a  slight  blow  is  required,  a  smaller  cartriofee 
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is  used.    To  drive  a  pile  20  ft  Into  imid  aveinget  about  one-third  of  a  pound  of 
powder ;  into  gravel,  4  times  as  much.    This  machine  does  not  assist  in  rai8in«r  the 

Eile,  and  placing  it  in  position,  as  is  done  by  ordinary  steam  pile  drivers;  the  latter, 
owever,  average  but  from  6  to  14  brows  per  minute. 

Ptleift  have  been  driven  by  exploding  small  charges  of  dynamite 
laid  upon  their  heads,  which  are  protected  by  iron  plates. 

Steam-hammer  pile  drivers,  operating  on  the  principle  of  that  devised 
by  Nasmy  th  about  185U,  are  economical  in  driving  to  great  depths  iu  difficult 
soils  where  there  are  say  200  or  more  piles  in  clusters  or  rows,  so  that  the  machiue 
can  I'eadily  be  moved  from  pile  to  pile. 

The  steam  eylinder  is  upright,  and  is  confined  lietween  the  upper  ends  of  two 
vertical  and  parallel  I  or  channel  beams  about  6  to  12  ft  long  aud  IS  ins  apart, 
the  lower  ends  of  which  confine  between  them  a  hollow  conical  ^^  bonnet  cast« 
fng^,"  which  fits  over  the  head  of  the  pile.  This  casting  is  open  at  top,  and  through 
it  the  hammer,  which  is  fastened  to  the  foot  of  the  piston-rod,*  strikes  the  head  of 
the  pile.  Each  of  the  vertical  beams  encloses  one  of  the  two  upright  guide-timl»ers, 
or  *' leaders,"  of  the  pile  driver,  between  which  the  driving  apparatus,  above  de- 
scribed, is  free  to  slide  up  or  down  as  a  whole. 

When  a  pile  has  beeu  placed  in  position,  ready  for  driving,  the  bonnet  casting  is 
placed  upon  its  head,  thus  bringing  the  weight  of  the  beams, cylinder,  hammer,aod 
casting  upon  the  pile.  This  weight  n^sts  upon  the  pile  throughout  the  driving,  the 
apparatus  sliding  down  between  the  letulers  as  the  pile  descends. 

The  steiini  is  conveyed  from  the  boiler  to  the  cyl  by  a  flexible  pipe.  When  it  is 
admitted  to  the  cyl,  the  hammer  is  lifted  about  30  or  40  ins,  and  upon  its  escape  the 
hammer  falls,  striking  the  head  of  the  pile.  About  60  blows  are  delivered  per  min- 
ute. The  hammer  is  provided  with  a  trip-piece  which  automatically  lidmits  steam 
to  the  cylinder  after  each  blow,  aud  opeus  a  valve  for  its  escape  at  the  end  of  the 
up-stroke.  By  altering  the  adjustment  of  this  trip-piece,  the  length  of  stroke  (and 
thus  the  force  of  the  blows)  can  be  increased  or  diminished.  The  ndniissioD  and 
escape  of  steam,  to  aud  from  the  cyl,  can  also  be  controlled  directly  by  the  attendant. 
The  number  of  blows  per  minute  is  increased  or  diminished  by  regulating  the  sup- 


ply of  steam. 


In  making  the  up-stroke,  the  steam,  pressing  against  the  lower  cyl  bead,  of  course 
presses  downward  on  the  pile  and  aids  its  descent. 

Tbe  chief  advantaice  of  these  machines  lies  in  the  great  rapidity 
with  which  the  blows  follow  one  another,  allowing  no  time  lor  the  disturbed  earth, 
sand,  Ac,  to  recompact  itself  around  the  sides,  and  under  the  foot,  of  the  pile.  This 
enables  the  machines  to  do  work  which  cannot  be  done  with  ordinary  pile  drivers. 
They  have  driven  Norway  pine  piles  42  ft  into  sand.  They  are  less  liable  than 
others  to  split  aud  brooui  tlie  pile,  so  that  these  may  be  of  softer  and  cheaper  wood. 
The  bonnet  casting  keeps  the  head  of  the  pile  constantly  in  place,  so  that  the  piles 
do  not  "dodge"  or  get  out  of  line.  Their  heads  have,  iu  some  cases,  been  set  on  fire 
by  the  rapidly  succeeding  blows. 

These  machines  consume  from  1  to  2  tons  of  coal  in  10  hours,  and 
require  a  crew  of  5  men.  They  work  with  a  boiler  pressure  of  from 
50  to  75  lbs  per  sq  inch. 

They  are  made  by  R.  J.  <fc  A.  B.  Cram,  80  Griswold  St,  Detroit,  Mich,  and 
by  Vulcan  Iron  Woiics,  86  N.  Clinton  St,  Chicago,  III. 

The  largest  (No.  1)  Tulcan  machine  has  a  hammer  welfrhini^  about  3<W) 
lbs;  stroke*  36  ins;  diam  of  cyl,  12  ins;  space  between  leaders,  193^  ins. 
Cost  (1888)  including  hose,  fittings,  &c,  but  exclusive  of  hoisting  engines  and  boiler, 
about  $1076  on  cars  at  works. 

The  Vulcan  Works  make  a  railroad  car<,  ftirnlshed  with  a  plie-drivlnur 
machine^  and  2  hor  engines,  with  boiler,  for  raising  the  luunmei's.  £itber  tbe 
Nasmyth.  or  the  ordinary,  hammer  may  be  used.  The  car  can  be  made  self-pro- 
pelling when  desired.  It  is  larger  than  an  ordinary  platform  car,  and  Is  provided 
with  lateral  supports  to  enable  it  to  drive  piles  to  the  right  or  loft  of  the  rond-bed. 
The  leaders  are  hinged,  so  that  they  can  be  laid  horizontally  uj^on  the  car  when  not 
in  use. 

*  In  the  Cram  machine  the  hammer  is  faatflued  to  tiie  k)wer  end  of  tbe  oRriiiifller, 
instead  of  to  that  of  the  piston-rod.  The  cylinder  rises  and  falls  with  the  hammer, 
and  its  weight  is  thus  utilized  in  increasing  the  force  of  the  blows.  St«am  is  sup- 
plied to  the  cylinder  through  the  piston-rod,  which  is  made  hollow  for  this  purpose. 
The  piston-rod  is  fixed  in  place  between  the  vertical  beams  by  means' of  a  croea-head 
at  its  top.    The  piston  is  fastened  to  the  foot  of  the  piston-rod. 
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Rales  for  tbe  Snstalningr  Power  of  Piles. 

They  differ  verv  muoh.  No  rule  can  apply  correctly  to  all  conditions.  The  ground  itself  between 
tbe  piled,  iu  niOiiC  cases,  sapporta  a  part  of  tbe  load  ; 'although  the  whole  of  it  is  usually  assigucd  to 
the  piles.  Agafti,  in  very  clarey  »oil3,  there  is  greater  linbility  to  sluk  somewhat  with  the  lapse  of 
time,  ID  consequence  of  the  aduiis)«ioii  of  water  between  the  pile  and  the  clay ;  thus  diminishing  the 
fViocioa  between  them.  The  Ie<8  Arm  the  soil,  the  more  will  the  piles  be  affected  by  tremors  ;  which 
also  tend  in  time  to  cause  sinking  In  some  cases  this  sinking  will  not  be  that  of  the  piles  settling 
deeper  into  the  earth  around  them  ;  but  that  of  the  entire  compacted  mas«  of  piles  and  earth  Into 
which  they  were  driven,  settling  down  into  the  less  dense  mass  below  them.  Piles  are  sometimes 
bliitued  for  seUlemeuts  which  are  really  dae  to  the  crushing  (flatways)  of  the  timbers  which  rest 
immediately  i^ion  their  heads.    See  p  4S6. 

lu  the  fine  JLonden  bridir^  across  the  Thames,  each  pile  under  some  of  the 
piers  sustains  the  very  heavy  load  of  80  tons.  They  are  driven  bat  20  feet  into  the 
stifif,  blue  London  clay  ;  and  are  placed  nearly  4  ft  apart  from  center  to  center ;  which 
is  too  much  for  such  piers  and  arches.  At  3  ft  apart  scant,  they  would  have  had  but 
45  tons  to  sustain.  They  are  1  ft  in  diam  at  the  middle  of  their  length.  Ugly  set- 
tlements, some  of  them  to  the  extent  of  about  a  ft,  have  occurred  under  these  piers. 
BlACfefriars  bridgr^,  in  the  same  vicinity,  exhibits  the  same  defect.  By  some 
this  is  ascribed  in  both  cases  to  the  gradual  admission  of  water  between  theclav  and 
the  piles,  perhaps  by  capillary  action  of  the  piles  themselves ;  or  perhap  by  direct 
leaking.  It  may,  however,  be  owing  in  part  to  the  crushing  of  the  platforms  on 
topT  of  the  piles;  or  to  a  bodily  settlement  of  the  entire  mass  of  piled  clay,  into 
the  unpiled  clay  beneath,  under  the  immense  load  that  rests  upon  it.  This  here 
amounts  to  5  V^ tons  per  sq  foot  of  area  covered  by  a  pier ;  and  is  probably  too  much 
to  trust  upon  damp  clay,  when  even  the  slight.est  sinking  is  prejudicial. 

Miy  J.  Sanders,  U.  S.  Engs,  experimented  largely  at  Fort  Delaware  in  river 
mud ;  and  gave  the  following  in  tlie  Jour.  Franklin  Inst,  Nov  1851.  For  the  safe 
load  for  a  common  wooden  pile,  driven  until  it  sinks  tJirough  only  small  and 
nearly  equal  distances,  under  successive  blows,  divide  the  height  of  the  fall  in  ins, 
by  the  small  sinking  at  each  blow  in  ins.  Mult  the  quot  by  the  weight  of  the 
hammer,  ram,  or  monkey,  in  tons  or  pounds,  as  the  case  may  be.  Divide  the 
prod  by  8.    Ue  does  not  state  any  specific  coefficient  of  safety. 

EzflOMl^e.  At  the  Oheatniit  8t  Brtdce*  Philada,  the  greatest  weight  on  any  pile  is  16  tons. 
Mr  KueasH  had  the  piles  driven  an  til  they  sank  9i>  or  .75  of  an  inch  under  each  blow  trota  a  1200  lb 
hammer,  fatliog  SO  ft.    Was  he  safe  in  doing  lo  r    Here  we  hare  the  fall  in  ins  =  20  X 12 = 840.   And 

-=^  =  S-iO ;  and  820  X  1200  =  884000  Its ;  and  — g —  =  48000  lbs,  r:  21.4  tons  safe  load  by  MaJ  San- 
ders' rule.    The  soil  was  river  mad. 

Om  vwa  mle  is  as  follows.    Malt  together  the  eube  rt  of  the  fall  in  ft ;  the  wt  of  hammer  in  lbs ; 

and  Che  decimal  .028.    Divide  the  prod  by  the  last  sinking  in  ins.  4-  !•    The  quotient  will  be  the 

exta'Cf  I«ad  that  will  be  just  at  the  point  of  cansing  more  sinking.    For  tbe  safe  lead  take  from 

ene  twelfth  to  one  half  of  this,  according  to  ciroumstanoes.    Or,  as  a  formula. 

Cube  rt  of  ^  Wt  of  hammer  ^  q.,» 

Extreme  load  _  fall  in  feet  ^     in  poands      ^  '"    • 

in  tons         ~         I,ut  sinking  in  inches  +  1 

JBxaBkpl«>  The  same  as  the  foregoing  at  Chestnnt  St  Bridge.  Here  tbe  cube  rt  of  20  ft  fall  is 
2.714  ft.     Hence  we  have 

Extreme  toad  =  2^14  X  1200  X  .023  ^  _74.»  ^ 
in  tons  .75  +  1  1.76 

'ers*  rule  makes  the  safiB 

•p6U. 

ntance  if  a  $»/ety  of  2  b« 
lidse*  France,  Ferronet's 
last  16  blows ;  or  say  .016 
>r  a  safety  of  2 ;  while  San- 
i  actual  sinking  at  the  last 
nfinity. 

Mai  mud.  by  a  1500  0)  ham- 
tain  at  least  20  tons  each, 
extreme  load ;  or  16.6  for  a 
,  2  is  not  safety  enough  for 
,  bodily,  for  years. 
!n  from  30  to  40  ft  in  sand 
ed  so  badly  under  tbe  hard 
ren  until  ther  sank  but  .06 
a  eaeh.    Our  role  gives  47 

as  was  (and  always  is,  in 
ty  compressed  or  partially 
T)  only  an  inch  under  ISiO 
td,  than  when  they  had  re- 
n  useless. 

;  into  soft  river  mud,  by  a 
b  hours  after  it  was  driven 
ction  of  an  inch.    Uur  rule 

.-  Digitized  by  VjW^  VIC 


644  FOUNDATIONS. 

id  re"  6.4  tonn  as  the  extreme  load.  Uuder  9  toos  it  Mok  .75  of  an  inch ;  and  onder  15  tons.  5  ft.  Br 
Mnj  Snndero*  rule  Its  safe  load  would  be  2.14  lon«. 

A  U.  S.  <}«Tt  Mai  plle«  aboat  1 2  ins  xq.  driren  39  ft  throngh  larerii  or  silt.  nand.  and  claj,  ham- 
mer tflO  Dm,  fall  5  ft,  last  sinking  .375  of  an  inch,  bore  20.6  tons ;  bat  sank  slowlj  under  27.9  toaa. 
Our  rule  gives  26  tons  extreme  load. 

Fr«ne]|  easUiAers  oonnider  a  pile  safe  for  a  load  of  25  tons,  when  It  is  driren  to  the  refniial  nf 
1844  IbM,  falling  4  ft ;  our  rule  gires  24.2  tons  for  safety  2.  They  estimate  the  refbsal  by  its  not  sink- 
ing more  than  .4  of  an  inoh  under  30  blows.  In  many  iroporUnt  bridges  &o  ther  drire  antil  there  ia 
no  sinking  under  an  800  lb  hammer,  falling  5  ft.  Our  rule  here  gires  S1.5  tons  extreme  load :  or  15.7 
for  Hafety  2. 

A«  to  the  prmer  load  Ibr  safetj*  we  think  that  not  utore  than  one-half  the  extr«mc  load  given 
by  our  rule  should  be  taken  for  piles  thurougfUif  driven  in  Jirm  soils :  nor  more  than  one-sixth  when 
in  lirer  rand  or  marsh  ;  assuming,  as  we  have  hitherto  done,  tbM%  tlieir  fieM  do  net  rest  upon  rook. 

irilaMe  to  tresan,  take  only  kalfthesa  loads.  ^     ^'' 

Pflec  immj  be  auide  afaaj  rea«lre4  atae  as  regards  either  length  or  oron  seotlen,  by  beit* 
Ing  and  flsbing  togtsher  sldewiae  aad  ieagthwise,  a  namber  of  squared  timbers. 

Plleii  with  hlaat  ea^SJ*  At  South  Street  Bridge,  Phila,  1200  stont  piles  of  XoTm  Seotia  sprvee 
with  bluul  ends  were  driren  io  to  85  ft,  partly  in  stmnr  sravel.  by  a  coromon  steam  pile  drirer,  at  a 
total  cost  (piles  and  driving)  of  $7  to  $8  each.  At  Wilailastoa  Harbor,  Cal,  Ifr.  C.  B.  Sean>, 
U.  S.  Army.  (Jour.  Am.  Soc.  C.  E.,  Dec  1876)  found  that  iu  firm  compact  net  SHud,  after  the  6r!it  few 
blows  the  piles  would  not  penetrate  more  than  .5  to  1.5  ins  at  a  blow,  no  matter  how  far  the  2400  ft 
hammer  fell.  The  uapoiuted  one*  of  which  there  were  manr  thousands,  drove  quite  as  readily  to  nrer- 
age  depths  of  15  ft  in  this  sand  as  the  pointed  ones,  and  wfth  mneh  less  tendencv  to  cant.  As  a  high 
fsll  hnd  no  farther  effect  than  to  batter  the  heads  tie  reduced  it  to  10  ft.  whieb  drore  an  arerage  of 
iihoiit  .72  inch  to  a  blow.  To  insure  straight  driving,  the  ends  must  be  at  right  angles  to  the  length. 
lastead  afdrlTlas  piles  to  moderate  depths  ft  msr  st  times  he  better  to  mereU  plant  them  h«tt 
down  in  holes  bored  by  an  anger  like  Pleree's  Well  Borer.  See  p  6at.  This' will  aroid  shaking 
adjacent  buildings.    See  "  In  Mobile  Bay."  p  646. 

The  alttatate  Metitoa  of  piles  eren  with  the  bark  on,  and  driven  aboot  S  ft  apart  fb»m  c»a 
to  cen  probably  nerer  much  exceeds  about  1  ton  per  sq  ft  even  when  well  driven  Into  dense  moist 
sand  or  loamy  gravel ;  nor  more  than  .5  to  .75  of  a  ton  in  common  soils  and  clays ;  or  than  .1  to  .2 
of  n  tot)  In  silt  or  wet  rivpr  nind  dependine  on  the  depth  and  (lensity. 

The  fHetioa  of  east  iraa  eyllnders  seems  to  be  about  .3  that  oT  pUea. 

Tlier«  In  n  mrent  diflReiwaee  In  the  peBetrablli^  of  differeBt 

sands.  Thus,  in  the  Lary  bridge,  no  speoial  difttoulty  was  fenud  in  driring  piles  35  ft  into  deep  wet 
sand  ;  while,  in  other  wet  localities,  piles  of  very  tevgh  wood,  well  shod  with  imn.  eannot  be  driren 
6  ft  into  sand,  without  being  battered  to  pieces.  The  same  difference  has  been  found  in  the  ca^eof 
screw-piles.  At  the  Brandy  wine  light-hoase  these  could  not  be  forced  more  than  lU  ft  into  the  eleaa 
wet  sand.  StilT  wet  clay  (and  clean  gravels)  also  differ  veiy  much  io  this  respect.  Generally  they 
are  penetrable  to  any  required  depth^with  comparative  ease ;  but  we  bare  seen  stout  hemlock  piles 
battered  to  pieces  in  driving  6  ft  through  wet  gravel ;  and  Mr.  Rendel  found  that  at  Plym«>ath  be 
"oould  not  by  any  force  drire  screw-piles  more  than  about  5  ft  into  the  day,  which  is  not  aa  stiff  as 
the  London  clay,"  on  which  the  forementioued  new  London  and  Blaekfriars  bridges  were  founded; 
and  into  which  eren  ordinary  wooden  piles  were  driven  20  ft  without  special  difilonltj. 

A  mixture  ef  mud  with  nie  sand  er  grarel  fboilitatei  drlvins  very  moofa ;  bat  before  begtaning  an 
exteu.Hive  system  of  piling,  a  few  experinienial  oues  sliouul  be  driven,  to  remove  doubt  asi  to  the 
trouble  and  expense  that  may  be  anticipated.  Here  boring  will  often  be  hut  a  poor  substitute  for  this. 

As  a  geneml  rule,  a  heary  hammer  ivitb  a  low  fall,  drives  more  pleasantly  than  a  light  one  with  a 
high  fall.  Where  a  hammer  of  ^  ton  (1500  B>s)  falling  25  ft,  iu  a  very  strong  ground,  shattered  tbe 
piles;  one  of  2  tons,  (4500  lbs,)  with  7  ft  full,  drore  them  saiisfactorilr.  More  blows  can  be  made  in 
tbe  same  time  with  a  low  fall;  and  this  gives  less  time  for  the  soil  to  compact  itself  around  the  piles 
between  the  blows.  At  times  a  pile  may  resist  the  hammer  after  sinking  some  distance ;  bat  suit 
again  after  a  short  rest;  or  it  may  refuse  a  heavy  hammer,  and  start  nnder  a  lighter  one.  It  auiy 
drire  slowly  at  Drst,  and  more  rapidly  afterward,  from  causes  th%t  may  be  difficult  to  discover.  Tta 
driring  of  one  sometimes  causes  adjacent  ones  prerionsly  driven,  to  spring  upward  several  feet,  A 
pile  is  in  the  most  favorable  position  when  its  foot  rests  upon  reek,  after  Its  entire  length  has  been 
driven  through  a  firm  soil,  which  affords  perfeet  protection  against  iu  bending  like  an  overloaded 
column;  and  at  the  same  time  creates  great  friction  against  Iu  sides ;  thus  assisting  moeh  insas- 
tainfng  the  load,  and  thereby  relieving  the  pressure  npon  the  foot.  A  pile  may  rest  upon  rock,  and 
yet  be  very  weak ;  for  if  driven  through  very  soft  soil,  all  the  pressure  is  borne  by  the  sharp  point; 
and  the  pile  becomes  merely  a  column  in  a  worse  oondiiinn  than  a  pillar  with  one  rounded  end.  8es 
Fig  1 .  page  439,  Strength  of  Iron  Pillars.  In  such  soil  Ahe  piles  need  very  little  sharpening ;  indeed, 
had  better  lie  driren  without  any ;  or  even  buU  end  down. 

The  driving  of  a  pile  in  soft  gronnd  or  mud  will  generally  onnae  an  adjaeenl  one  previonaly  driven, 
to  lean  outwards  unless  means  be  taken  to  prevent  it. 

In  piling  an  area  of  firm  soil  it  is  best  to  be^in  at  its  center  and  work  outwards;  otherwise  the  soil 
may  become  so  consolidated  that  tbe  central  ones  can  scarcely  be  driren  ut  all. 

Elastic  reaction  ef  flie  soil  has  been  known  to  cttitae  entire  piled  areas 
to  rise,  together  witb  ttie  piles,  before  they  were  built  npon. 

In  very  firm  Boil,  especially  if  stony ;  or 
even  in  suft  soil,  if  the  piles  are  }K>inted,  and 
are  to  Iw  driven  to  rock;  their  feet  shotild 
be  protected  liy  sboefi  of  either  wrought 
iron,  as  at  a,  jt,  and  />,  Figs  13 ;  spiked  to  tiie 
pile  by  means  of  the  iron  straps  w,  forged 
to  them ;  or  of  cast  iron,  as  at  e,  tvliere  the 
shoo  is  a  solid  inverted  cone,  the  wide  flat 
base  of  ^hich  affords  a  good  bearing  for  the 


ipon. 

1.11  i| 
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flat  bottom  of  the  pile  point.    The  dotted  Mm    ^^W-*^      PPq 

hne  i8  a  stout  wronght-iron  spike,  well  se-  ^^  »     *~ia «.1  Z 
cnred  in  the  cone,  which  is  cast  around  it :  ^^  '■'* 

uiis  boldu  the  shoe  to  the  pile.    Regular 
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mtmsht-iron  »how  will  generallj  weigh  18  to  SO  Iba ;  bat  tfaeet  iron  may  be  aaed  when  the  soil  i»  bat 
moder»telj  compact;  plate  iroo  wbeu  more  su ;  and  solid  iron  or  steel  point*,  from  2  to  4  ins  square 
at  the  butt,  aud  4  to  8  ins  lung,  wheu  very  compact  aud  stony.  If  oleM  may  be 
drilled  In  rock  for  receiving  the  poiut«j  of  piles,  and  thus  pi-eventing  tlieni 
from  slipping;  by  first  drlTiog  down  a  tube,  as  a  guido  to  the  drill,  after  the  earth  is  cleaned  out  of 
the  tulw.  To  preserve  the  lieadH  to  some  extent  from  splitting  under  the 
blowA  of  the  hammer,  they  are  usnally  surrounded  bj  a  hoop  h,  Fig  d;  from  H  tol  inch  tbiok  ;  and 
IH  to  S  in.H  wide.  These  are,  however,  sometimes  but  imperfect  aids ;  for  in  hard  driving  ihe  head 
will  cru!4h,  split,  and  bulge  out  on  all  sides,  frequeuily  for  many  feet  below  the  hoop:-  moreover,  the 
hoops  uften  Hplit  open.  The  heads,  therefore,  often  have  to  l>e  sawed,  or  pared  off  fiereral  times 
before  the  pile  i*  completely  driven ;  and  allowance  mu!«t  be  made  for  this  loss  in  ordering  piles  for 
any  given  wort;  especially  in  hard  soil.  Oapt  Tnrnbull,  U  S  Top  Kng,  states  that  at  the  Potomac 
aquedact,  his  pllebeads  were  preserved  from  iojary  by  the  simple  expedient  of  dishing  them  out  to  a 
depth  of  about  an  inch,  and  covering  them  b^  a  loose  plate  of  sheet  iron ;  as  shown  in  section  at  e, 
Kiga  1.3.  A  very  slight  degree  of  brooming  or  crushing  of  the  head,  materially  dimiuiiihes  the  force 
of  the  ram.  Pflei  m«v  be  driven  thmnghsninll  loose  rubble  without  much  labor.  Shaw's  driver 
does  not  Injure  the  heads.    Piles  which  font  on  sloping  rock  may  slide  when  loaded. 

To  drive  i%  pile  liead  beto^w  water  a  wooden  punch,  or  follower,  as 

atp,  Figs  13,  may  be  used.  The  foot  of  this  punch  fiu  into  the  upper  part  of  a  easting  //.  round  nr 
square,  according  to  the  shape  of  the  pile ;  and  having  a  traoiiverse  partition  o  o.  The  lower  part 
or  the  ca.4ting  is  fitted  to  the  head  of  the  pile  t;  and  the  hammer  falls  on  top  of  the  punch.  Wheu 
drlriug  piles  vertically  in  very  noft  soil,  to  support  retaining-walls,  or  other  structures  exposed  to 
horizontal  or  inclined  Torceii.  care  must  be  talceu  that  these  forces  do  not  push  over  the  piles  them- 
selres  ;  for  in  suoh  soihi  piles  are  adapted  to  resist  vertical  forces  only,  unless  they  be  driren  at  an 
inclination  corresponding  to  the  oblique  force. 

A  brolcen  pile  iii>»y  be  drawn  out,  or  at  least  he  started,  if  not  very 
flrmly  driven,  by  attaching  ihjowh  to  it  at  low  water,  depending  on  tho  rising  tide  to  loosen  it.  Or  a 
long  timber  may  be  u^ed.as  a  lever,  with  the  tiead  of  an  Hdijaceut  pile  for  iu  fulcrum.  Or  a  crab 
worlted  by  the  engine  of  the  pile  driver.  In  very  difficult  cases  the  method  devised  by  Mr  J.  Monroe, 
C  B,  may  be  used.  A  i  inch  ga.i  pipe  15  ft  long,  shod  with  a  solid  steel  point,  and  having  an  outer 
s^ulder  for  sustaining  a  circular  punch,  was  thereby  driven  close  to  aud  2  or  .H  ft  deeper  than  two 

Eilea  driven  12  ft,  in  37  ft  water,  and  broken  off  by  ice.    Pour  pounds  of  powder  wer*  then  deposited 
1  the  lower  end  of  the  pipe,  and  exploded,  lifting  the  piles  completely  out  of  place.    It  will  often  be 
beat  to  let  a  broken  pile  remain,  and  to  drive  another  close  to  it.    Hay  be  drawn  by  hydraulic  pvese. 
lee  adberes  to  piles  with  a  force  of  about  3U  to  40  Ihe  per  sq  Inch,  uud  in 
rising  water  may  Hft  them  out  of  place  if  not  sufficiently  driven. 

Iron  pile!!  and  eyiinders.  Oast  iron  iu  varions  shapes  has  been  much 
need  In  Europe  for  sheet  piles :  especially  when  intended  to  remain  as  a  facing  for  the  protection  of 
oonorete  work,  filled  in  behind  and'  against  them.*  Cast-iron  cylinders,  open  at  both  endA,  may  be 
used  as  bearing  piles;  aud  may  be  cleaned  out,  and  filled  with  concrete,  If  required.  The  friction  in 
driving  is  greater  than  in  solid  piles,  Inasmuch  as  it  takes  place  along  both  the  inner  and  the  outer 
surfaces.  This  may  be  diminished  by  gradually  extracting  the  inside  soil  as  they  go  down.  Thev 
r«qaire  much  care,  and  a  lighter  hammer,  or  less  fall  than  wooden  ones,  to  prevent  breaking:  to 
which  end  a  piece  of  wood  should  be  interposed  between  the  hammer  and  the  pile :  or  the  ram  may  be 
of  wood.  But  it  is  better  to  u^e  them  in  the  shape  of  Hcrew  cylinders,  which, 
moreover,  gives  them  the  advantage  of  a  broad  base,  as  in  the  fMluwiog. 

BrnnePN  protress.  He  experimented  with  an  open  cast-iron  cylinder,  H  ft 
oater  diam  ;  1^  ins  thick ;  in  lengths  of  10  ft,  connected  together  by  internal  socket  and  Joggle  Joints, 
secured  by  pins,  and  run  with  lead.  It  had  a  sharp-edged  hoop  or  cutter  at  bottom :  and  a  little 
above  tbii«.  one  turn  of  a  screw,  with  a  pitch  of  7  ius,  and  projecting  one  foot  all  aro.und  the  outside 
of  the  cylinder.  By  means  of  c^pttan  burn  and  wiuohe.^,  he  tore  wed  this  down  thraugh  stiff  clay  and 
sand,  58  feet  to  rock,  on  the  bank  of  a  river.  In  de.-<cendiug  this  distance  the  cylinder  made  142 
rerolutious ;  sinking  on  an  average  about  5  ins  at  each.  The  time  occupied  in  actually  screwing  was 
48>^  hours;  er  about  1^  ft  per  hour.  There  were,  however,  many  long  intervals  of  rest  for  clean- 
ing away  the  soil  iu  tlie  inside.  After  resting,  there  was  no  great  difficulty  in  restarting.  The  next 
flg  will  give  an  idea  of  the  arrangement  of  the  screw. 

Tiie  H€!rew-pile  of  Alex.  Mitcliell.  Belfast,  consists  usualiy  of  a  rolled  iron 
shaft  A,  Figs  1-1,  from  3  to  8  ins  diam;  and  having  at  its  foot  a  cast-iron  screw 

5  S  S.  with  a  blade  of  from  18  ins  to  5  ft  diam.  The  Mcrews  nsed  for  light- houses, 
exposed  to  moderate  seas,  or  heavy  ice-flelds,  are  ordinarily  about  3  ft  diam,  have 
1^  turns  or  threads,  and  weigh  abont  60^  lbs.    The  round  I'f^lled  shafts  arefr«m 

6  to  8  ins  diam.  They  are  screwed  down  from  10  to  20  ft  into  clay,  sand,  or  coral,  by 
aitont  HO  to  40  men,  pushing  with  6  to  8  capstan  bars,  the  ends  of  which  describe  a 
circle  of  about  30  to  40  ft  diam.  For  this  purpose  a  plHtform  on  piles  has  frequently 
to  be  prepared.  In  quiet  water,  thi»  may  be  supported  on  scows ;  or  a  raft  well 
moored  may  l>e  nsed  when  the  driving  is  easy;  or  the  deck  of  a  large  scow  with  a 
well-hole  in  the  center  for  the  pile  to  pass  through.  Rotjghly  made  temporary 
cribs,  filled  with  stone  and  sunk,  might  support  a  platform  in  some  positions.  The 
platform  must  evidently  foe  able  to  resist  revolving  hoi izon tally  under  the  great 
poshing  force  of  the  men  at  the  capstan  bars;  aud  on  this  account  it  is  di£Bcult 
to  drive  screws  to  a  sufficient  depth,  in  clean  com}Mtct  sand,  by  means  of  a  floating 
platform.    The  feet  of  the  piles  must  be  ftrinly  secured  to  the  screws,  to  prevent 

*  Cast  iron,  intended  to  resist  sea-crater,  slwmld  be  close-grained, 

hard,  white  metal.  In  snch.  the  small  quantity  of  contained  carbon  is  chemically  combined  with  the 
metal ;  but  in  the  darker  or  mottled  irons  it  is  mechanically  oombiued,  and  such  iron  soon  becomes 
•oft,  ('•omewhat  like  plumbago,)  when  exposed  to  sea-water.  Hard  white  iron  has  been  proved  to 
resist  for  at  least  40  years  without  any  deteriot  ation :  whether  constantly  under  water,  or  alternately 
wet  and  dry.  Copper  and  bronze  are  but  slightly  and  soperflcially  affected  by  sea-water ;  but  destruc- 
tive galvanio  action  takes  place  if  diff  metals  are  in  oonuct.    Bee  p  218. 
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their  being  lifted  out  of  them  by  the  upward  force  of  waves  against  the  saper* 
ttrurtur*?.  At  y  p.  Figs  14,  is  shown  a  mode  of  splicing  or  uniting  the  different 
lengths  or  sections  of  a  pile.  The  point  of  junction  is  at  « ;  r  r  is  a  stout  iron  ring 
furged  on  to  the  lower  pile  p,  ^r 

abuut  a  foot  or  18  ins  below  its  •' 

top  ('.  A  strong  cylindrical  cast- 
ing n  n,  enclosing  the  ends  of 
the  sections,  rests  on  this  ring, 
Hiid  is  pinned  through  the  piles, 
ns  at  tt.  On  this. casting  are 
also  cast  projections  ccc,  for  at- 

tHChingrods<;^,  andl>eamsf',ftc,  » 

necessary  for  brachig  the  struc- 
ture from  pile  to  pile.  The  time 
actually  required  for  driving  a 
screM'  is  from  2  to  10  hours,  in 
favorable  circumstances. 

At  the  Brandywloe  ligbtlioaie,  on 
a  Rand- bank  of  rerj  pure  sand,  cov- 
ered 6  or  8  ft  at  low  water,  and  (Wtm 
11  to  13  ft  at  high,  tbe.f  could  not  be 
forced  down,  from  a  fixed  platform, 

for  more  than  10  ft  At  other  place*  20  ft  in  nod  Is  reached  without  muob  trouble,  where  tbe  urnit 
contains  a  good  deal  of  mud,  but  it^  bMirlaK  p»wer  is  then  less.  This  (ultimate)  ranges  between 
about  I  and  6  tons  per  sq  ft  according  to  puritj,  depth,  compactness,  4o,  of  the  sand.  la  important 
cases  tbe  bearing  power  should  be  tested. 

Mitchell's  piles  have  been  screwed  about  40  feet  into  a  mixture  of  clay  and  sand,  with  screws 
i  ft  diam.  They  pass  through  small  broken  stone  and  ooral  rock  without  much  difficulty  ;  and  will 
push  aside  bowlders  of  moderate  nice.  Ordlnarilj,  clay  or  sand  will  present  no  great  obstruction ; 
but  ocoaslonally  either  of  them  will  do  so.  Perfectly  pure  clean  sand,  As  a  general  rule,  gives  most 
diflOculty.  At  tbe  Brandywiue  shoal  the  driving  was  aided  by  a  spur  and  pinion  placed  as  low  as  tbe 
water  permitted  ;  and  the  levers  were  worked  by  30  men.  The  danger  of  twisting  off  the  shaft  is 
the  limit  for  screwing  them.  They  are  much  used  for  the  anchoring  of  chains  for  mooring  buoys,  Ae. 
On  land,  small  screws,  with  short  hollow  shafts,  make  good  durable  supports  for  depot  pillars,  oranes. 
wooden  telegraph  poles,  station  signals  in  marine  surveying,  4e,  4c.  They  can  reaiUlj  be  unscrewed 
for  removal.  Horses  or  oxen  may  be  used  in  driving  large  screws.  Tbe  Brandywine  ligbt-houM 
■Mnds  on  9  screw-piles,  which  are  ■nrroonded  by  30  others  of  5  ins  diam,  aa  fenders.  Tbey  have  to 
resist  not  only  moderate  seas,  but  immense  fields  of  floating  ice,  miles  in  extent.  An  nnfioisbed 
stmeture  was  destroyed  by  ice,  which  at  times  injures  tbe  t>raelvg  of  tbe  aunding  one. 

Test  boriniTA  tttaould  be  made  to  ensure  that  the  screws  do  not  stop  jnst 
above  a  very  weak  stratum  which  may  endanger  their  bearing  power.       So  with  any  piles. 

By  meaiiA  of  a  Jet  of  water  forcibly  impelled  through  a  tube  by  a  force 

[tunip.  the  most  obstinate  sands  (but  not  stiff  clay  or  cemented  gravel)  will  be  loosened,  and  the  siak- 
ng  of  screw- piles,  or  wooden  ones,  or  even  the  largest  cylinders,  be  greatly  fkoiliuted.  In  a  gorem- 
ment  pier  at  Cape  Heiilopen  in  very  compact  sand,  in  which  6  out  of  7 
■orewM  previously  broke  before  reaching  10  ft,  the  use  of  the  jet  was  fotind  to  remove  more  than 
three-fourths  of  the  resistance.*  Tbe  pile  j>  to  be  sunk  having  first  been  plaoed  in  poeition  aa  ia  Vig 
15,  the  lower  open  ends  (  f  of  a  bent  iron  tube  ( «  (  of  one  and  a 

Suarter  in«  bore  were  stood  upon  the  upper  face  of  the  screw  disk,  and 
bere  held  firmly  by  S  or  i  men  while  the  pile  was  being  screwed  down 
by  the  oapsun  e,  which  was  worked  by  a  leading  rope  r.  From  tbe 
bend  «  of  tbe  pipe,  a  hose  h,  2  ins  diam.  led  to  the  force  pump,  tlie 
^linder  of  which  was  5  ins  bore,  and  9  ins  stroke,  and  worked  aboat 
90  full  strokes  per  minute,  by  a  mule  walking  on  a  tread  wheel  on  a 
floating  platform  /.  There  was  now  no  trouble  in  screwing  the  piles  to 
any  required  depth.  Previous  trials  by  play  ing  tbe  jet  beneath  the  disk 
gave  unsatisfactory  resulta. 

In  Mobile  Bay  several  thousands  of  wooden  piles, 
fh>m  18  tn  46  ins  diam,  were  sunk  from  10  to  20  fi'inio  obstinate  sand, 
at  the  average  sinking  rate  of  about  1  ft  per  second,  entirely  by  means 
of  Jets.  The  jet  wss  propelled  by  a  city  steam  Are  engine,  on  a  steam- 
bont,  through  its  own  hose,  with  a  one  and  a  quarter  inch  noule. 
During  tbe  dement  the  nocsle  n  n  was  held  loosely  In  iu  place  near 
tbe  foot  of  the  pile,  by  two  staples  «  «  and  by  a  string  <  reaching  to  the 
surface.  The  piles  were  suspended  by  their'  heads  from  shears,  by  the 
tackle  of  which  their  descent  was  regulated.  The  sand  settled  firmly 
around  the  piles  in  a  few  minutes  after  they  were  snnk.t 

At  TennaA  River,  Alabama,  for  iron  cylinders  6  ft  diam 
(enclosing  piles,  see  p  651),  in  deep  light  shifting  sand,  tbe  Jet  was  forced  bv  a  snail 
rotary  pump  of  200  to  800  revolutions  per  minute,  through  a  oanvas  hose  S  ina  diam, 
into  a  central  oonieal  oast  iron  vessel  10  ins  diam.  from  which  radiated  12  n»  pipes  1 
inch  diam,  and  about  SO  ins  long.  At  the  outer  end  of  each  of  these  radii  was  an 
elbow  to  which  waa  attached  a  long  vertical  pipe  reat^hing  down  into  the  e3'linder, 
and  made  in  10  ft  lengths  with  screw  ends  for  prolonging  them  as  th<?  cylinder  weal 
down.  This  apparatus  was  raised  and  lowered  by  a  light  block  and  Hue;  and  by  it 
alone  esch  cylinder  was  sunk  about  16  ft  into  the  light  sand  in  a  few  honrs.l 

•  Report  See  of  War  1872.  t  John  W.  Glenn.  C  E,  Van  Nostraod,  June  1874. 

I  Gabriel  Jordan,  C  E ;  Tract  Am  Soc  C  R,  Feb  1874. 
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At  the  I^eTan  Ttadnct,  Mr  JaniMi  Bmnlee,  England,  In  n  lieht 

Mundj  marl  nf  great  depth,  lank  hollow  oast  iron  eylindem  of  10  Ins  outer  diam,  to  a  depth  of  20  ft, 
by  means  of  a  Jet  pipe  2  ins  diam  passiiog  down  inside  of  the  cjlinder,  and  through  a  hole  in  its  base, 
wbicn  was  a  cast  iron  diffl('80  ins  diam,  and  1  inch  thiclc,  strengthened  by  outside  flanges.  The  eon- 
neoting  flsnges  of  the  cylinder  sections  are  ouuide,  tbos  impeding  the  descent,  as  did  also  the  broad 
bottom  disk ;  still  8  or  4  hoars  usually  sufficed  for  the  sinjcing  of  each,  to  SO'ft  depth.  Actual  trial 
abowed  that  their  safe  sustaining  power  was  about  5  tons  per  sq  ft  of  bottom  disk. 

At  IiO«k  Ken  vladnct  each  pier  consists  of  two  cylinders,  open  at  both 
ends;  of  ca^t  iron,  8  ft  in  diam;  1^  ins  thick;  in  lengths  of  6  ft,  weighing  4  tous 
each ;  and  bolted  tog^ether  bj'  inside  flanges,  with  iron  cement  between  them.  The 
cylinders  stand  8  ft  apart  in  the  clear;  aud  are  in  36  ft  Mrater.  **  A  strong  staging 
was  erected ;  and  4  guide-piles  driven  for  each  cylinder.  The  several  lengths  being 
previously  bolted  together,  these  were  lowered  into  their  places.  Each  cylinder  sank 
by  its  own  weight  one  or  two  ft  through  the  top  mud,  and  then  settled  upon  the  sand 
and  gravel  which  form  the  substratum  for  a  great  depth.  Into  this  last  they  were 
sunk  about  8  or  9  ft  tiarther,  by  excavating  the  inside  earth  under  water,  by  means 
of  an  inverted  conical  Bcrew-pt%ii,  or  dredger,  of  J^  inch  plate  iron.  This  was 
2  ft  greatest  diam,  and  I  ft  deep ;  aud  to  its  bottom  was  attached  a  screw  about  1  ft 
long,  for  assisting  in  screwing  it  down  into  the  soil.  Its  sides  had  openings  for  the 
entrance  of  the  soil ;  and  leather  flaps,  opening  inward,  to  prevent  its  escape.  From 
opposite  sides  of  the  pan,  3  rods  of  %  inch  diam  projected  upward  4  feet,  and  were 
there  forged  together,  and  connected  oy  an  eye-and-bolt  joint  to  a  lonp  rod  or  shaft, 
at  the  upper  end  of  which  was  a  four-armed  cross-handle,  by  whicn  the  pan  was 
screwed  down  by  4  men  on  the  staging.** 

"  When  a  pan  was  full,  a  slide  whieh  passed  orer  the  joint  at  the  bottom  was  Hfted ;  and  the  pan 
was  raised  by  a  tackle.  This  pan  raised  about  1  cub  ft  at  a  time.  A  aualler  one  of  only  1  ft  diam, 
aud  1  ft  deep,  raising  about  ^  cub  ft,  was  used  when  the  matei^al  was  very  hard.  By  this  means 
the  cylinders  wore  sank  at  the  rate  of  from  2  to  18  ins  per  day.  The  slow  rate  of  3  in«  was  caused 
by  stones,  some  of  them  of  50  lbs.  Tbe^e  were  first  loosened  by  a  screw-pick,  which  was  a  bur  of 
iron  3  ft  long,  with  circular  arms  13  Ins  long  projecting  from  the  sides.  After  being  loosened  by  this, 
the  stones  were  raised  by  the  pan.  The  expense  of  all  this  apparatus  was  very  trifling ;  and  the  ex- 
cavation was  done  easily  and  cheaply.  After  the  excavation  was  ilnisbed,  aud  the  cylinder  Hunk, 
before  pumping  out  the  water,  concrete  (gravel  2,  hydraulic  cement  1  measure)  was  filled  in  to  the 
depth  of  12  feet,  by  means  of  a  large  pan  with  a  movable  bottom ;  aud  about  12  days  were  left  it  ts 
harden.  The  water  was  then  pumped  out,  aud  the  masonry  built  in  open  air.  In  some  of  the  cvlin- 
den.  however,  the  water  rose  so  fast,  notwithstaudiug  the  12  ft  of  concrete,  that  the  pumps  could  not 
keep  them  clear ;  and  6  ft  more  of  concrete  had  to  be  added  in  those.  Finally  random-stone,  or  rough 
dry  rubble,  was  thrown  in  around  the  outsides  of  the  cylinders,  to  preserve  tbem  from  blows  aud 
nndermining."  *    ThjB  masonry  extends  20  ft  above  the  cylinders,  and  above  water. 

The  vacuum  and  plenum  processes.  We  can  barely  allude  to 
the  general  principles  of  these  two  modes  of  sinking  large  hollow  iron  cyiinders.  In 
the  Taennm  proeess  of  Dr.  Lawrence  Holker  Potts,  of  London,  the  cylinder 
e.  Fig  16,  while  being  sunk,  is  closed  air-tight  at  top,  by  a 
trap  door,  opening  upward  A  flexible  pipe\p,  of  India- 
rubber,  long  enough  to  adapt  itself  to  the  sinkiug  of  the 
cylinder,  and  provided  with  a  stopcock  x;  leads  from  the 
cylinder  to  a  vessel  tj;  which  may  be  placed  on  a  raft,  or  a 
scow,  or  on  land,  as  may  suit  circumstances.  The  cylinder 
being  first  stood  up  in  position,  as  in  the  fig,  the  water  is 
pumped  out,  aud  the  interior  soil  removed  if  the  cylinder 
has  sunk  some  distance  by  its  own  weight.  The  cock 
s  is  then  closed,  and  the  air  is  drawn  out  from  the  vessel  v 
by  an  air-pump.  The  cock  is  then  opened,  and  most  of  the  air  in  the  cylinder  rushes 
into  the  void  vessel  v;  thus  leaving  tlie  cylinder  comparatively  empty,  and  therefore 
less  capable  of  resisting  the  downward  pressure  of  the  external  air  upon  its  top. 
This  pressure,  as  is  well  known,  amounts  to  nearly  16  Sm  on  every  sq  inch ;  or  nearly 
1  ton  per  sq  ft  of  area  of  the  top.  Consequently  the  cylinder  is  forced  downward  in 
the  bed  of  the  river,  by  this  amount  of  pressure,  in  addition  to  its  own  weight.  At 
the  same  time,  the  pressure  of  the  air  upon  tke  surfitce  of  the  water  is  transmitted 
through  the  water  to  the  soil  around  the  open  foot  of  the  cylinder;  so  that  if  this 
soil  be  soft  or  semi-fluid,  It  will  be  pressed  up  into  the  nearly  void  cylinder,  in  which 
is  no  downward  pressure  to  resist  it.  The  descent  varies  from  a  few  inches,  to  4  or  6 
ft  each  time.  The  process  is  then  repeated,  by  admitting  air  again  into  the  cylin- 
der, opening  the  trf^>-door,  removing  tlie  water  and  soil,  as  before,  Ac.  i\dditional 
lengths  of  cylinder  may  be  bolted  on,  by  means  of  interior  flanges. 
It  is  adapted  only  to  soft  soils, and  to  wet  sandy  ones ;  but  is  not  sufiicient- 

ly  powerful  in  very  compact  ones ;  oor  does  it  answer  where  obstruotioos  from  bowlders,  logs,  4ic.  occur ; 

VHoUow  Ir«n  Piles  either  cast  or  wroucht  with  itnlid  pointed  feet,  to  be  driven  by  the  hammer 
falliug  tuaidc  o(  tbeni  aud  striking  agnlust  the  top  of  the  solid  fiwt.  are  s  recent  device  of  great  use  fn 
many  eaaeii.  They  are  made  in  sections  of  which  eonngh  can  be 'gradually  united  to  resch  any 
required  depth.  Thev  avoid  th'*  dnnger  of  bending  which  attends  striking  the  t4>p.  The  iron  feet  are 
swelled  outwardly  a  little  to  diminish  earth-fricUon  against  the  pile  above  them. 
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ire*  gMQ  tOMiter  Uie  c^Uader  t*  its  «M>t ;  whioli  llier  Mnnoi  io  In  f  he  mieftcd 
air.    The  pipep  should  tw  of  sufficieut  diitm  to  allow  ilie  air  to  leave  the  cjriiuder  rapidly,  so  that  Uie 


the  rvmoval  of  irlileh  require*  « 


The  pipep 


>r  pressure  maj  aci  up«u  the  top  as  suddenlj  as  possible. 
..t  the  OoodwiB  Sands  Ughihouse.  England,  hollow  oyUiiders  iH  ft  in  diam.  were  sank  34  ft  into 
sand  b>-  this  process  iu  abuot  6  hours ;  where  a  steel  bar  oould  be  driven  oaly  8  ft  by  a  sledge- ham- 
mer Others,  12  ius  iu  diuui.  have  been  suuk  16  ft  into  sand  within  less  thau  an  hour.  In  this  last 
instance  the  air-punip  had  iwo  barrels,  <H  ius  diam,  16  inch  stroke,  worked  by  4  men. 
was  of  lead,  and  only  }4  iueh  diam. 

Tbe  plennm  pr€»cefifi.  invented  by  Mr  Triger, 
of  France,  consisUi  in  forcing  air  into  the  c.vlinder 
C  G,  Fig  17,  to  snch  an  extent  as  to  force  out  the 
water,  compelling  it  to  escape  beneath  the  open  foot, 
into  tbe  surrounding  water.  The  interior  of  the  cylin- 
der being  thus  left  dry  to  the  bottom,  men  pass  down  it 
to  lu<«en  and  remove  the  soil  ataud  below  its  base.  When 
this  is  done,  they  leave ;  the  compressed  air  is  allowed  to 
escape ;  iind  the  cylinder,  being  no  longer  sustained  by 
the  upward  pressure  of  the  compressed  air  beneath  its 
top,  sillies  into  the  cavity,  or  the  loosened  material  at  its 
foot.  Fig  17  shows  the  simple  arrangement  by  which 
workmen  are  enabled  to  enter  or  leave  the  cylinder, 
without  allowing  the  compressed  air  to  escape;  as  well 
as  the  genera)  principle  of  the  entire  process. 

L  L  is  a  separate  small  chamber,  the  alr-l«ok«  which  is 
remnred  when  a  new  length  of  pipe  is  to  be  added ;  and  afterward 
replaced  and  Brmly  bolted  on.  This  chamber  has  a  small  air-tight 
door  d,  hr  which  it  can  be  entered  from  without :  and  another,  o, 
opening  into  the  cylinder.    The  Aups,  (,  h.  of  both  doors,  open  in- 

ward,  or  toward  the  cylinder.    This  ehaml>er  also  has  two  stopcocks;  one,  a.  In  Its  floor,  t 

eating  with  the  oylinder ;  and  one  «.  above,  oommonieating  with  the  open  air.  At  s  is  a  bent  tube, 
also  with  acock,  which  passes  air-tight  through  the  side  and  the  bottom  of  the  air-lock.  Tbrougta 
it  tbe  compresHcd  air  is  forced  into  the  cylinder,  by  an  air  foroe  pnmp  or  condenser :  and  throngh  it 
the  same  air  Is  allowed  to  escape  at  a  later  period.  A  siphon  is  shown  at  n  •»«.  A  drum  w  Is  used 
for  hoisting  the  excavated  material  from  the  bottom,  to  the  air-lock :  its  axle  i  (  passes  air-tight  through 
stufBng-boxes  in  the  sides  of  the  lock ;  the  hoisting  being  dene  by  men  outsioe.  This  Is'the  geneni 
arrangement  employed  by  Mr  W.  J.  McAlpine,  CB,  of  New  York,  at  Harlem  bridge;  and  from  his 
description  of  it,  oars  bus  been  condensed.  The  cylinders  were  there  H  ft  diam,  1)4  Ins  tblek,  and  in 
lengths  of  9  ft.  bolted  together  through  inside  flanges  /,  as  the  sinking  went  on.  The  air-lock  Is  S  ft 
diam,  by  nearly  6  ft  high :  with  sides  of  boiler  iron ;  and  top  and  bottom  of  east  iron. 

Now  suppose  the  cylinder  GG  to  be  letdown,  and  steadied  in  position,  as  in  the  flg;-nod  the  air- 
lock L  h  to  t>e  adjusted  on  top  of  it.  The  next  process  is  to  force  in  air  through  the  curved  tabe  •; 
the  flap  (  of  the  lower  door  o.  and  the  cock  a,  being  previously  closed.  As  the  compressed  air  accu- 
mulates in  the  cylinder,  it  forces  out  the  water ;  which  evcnpes  partly  beneath  the  iMttem  of  tbe  cyl- 
inder, and  partly  by  rising  through  the  siphon  nn,  and  flowing  out  at  g.  Tlie  door  e  being  already 
closed,  nnd  thst  at  'd  open,  the  air  in  the  air-look  is  in  tbe  same  coiidition  as  that  outside;  so  thft 
workmen  can  enter  It  readily.  Having  done  so,  they  dose  the  door  d,  and  the  cock  «;  and  open  tbe 
cock  a,  through  which  condensed  air  f^ra  the  cylinder  rushes  upward,  soon  filling  the  air-lock. 
When  this  is  done,  the  flap  t  Is  opened,  and  tbe  men  descend  tbrongh  the  door  o  by  a  ladder,  or  by  s 
bucket  lowered  by  the  drum  w,  to  the  bottom.  Here  they  loosen  and  excavate  the  material  as  derp 
as  they  can ;  and',  filling  it  into  a  bucket  or  bag,  they  signal  to  those  outfide,  who  raise  it  to  the  sir- 
lock.  When  done,  they  ascend  to  the  air-lock,  close  the  door  o.  siid  the  cock  a;  and  open  the  cock  «. 
through  which  the  condensed  sir  in  the  lock  soon  escapes,  leaving  the  internal  air  tbe  same  as  thst 
ooUide.  Tbe  door  d  is  then  opened,  the  buckets  of  enrth  are  removed,  and  the  men  go  out.  FIbsIIt 
the  cock  at  s  Is  opened,  the  condensed  air  in  the  cylinder  escapes  through  it  to  tbe  outside  air.  sad 
the  CTlinder  sinks  by  its  own  weight  into  the  cavity  and  loosened  soil  prepared  for  it  at  its  base,  and 
which  is  now  forced  up  into  the  oylinder  by  the  rash  of  the  returning  water.  The  process  is  then 
repeated.  The  sinking  will  often  vary  from  0  to  10  or  more  feet  at  one  operation.  Until  depths  of 
40  or  50  ft.  most  men  can  endure  the  pressure  of  the  condensed  air ;  but  as  the  depth  iooreases  this 
becomes  more  difttcuit,  aud  positively  dangerous  to  lids.  Cast-iron  cylinders  15  ft  diam ;  and  graat 
oaiaaoos,  Fig  IS,  have  been  thos  sunk ;  but  at  timua  at-  great  expense  and  trouble. 

The  cylinder  shenld  be  ffntded  in  its  descent  by  a  strong  frame,  whidi 
may  be  supported  by  piles.  Otberwiae  it  will  be  apt  to  tilt,  and  thus  give  great  trouble  to  setik  it 
upon  its  exact  place.    Have  be«n  autk  in  deep  water  by  divers  undermioiug  inside. 

Tbe  plenum  pr<»ceSA  as  applied  at  the  South  St  bridge,  PbilndA 
by  Mr.  John  W.  Murphy,  contraoting  engiueer.  diflbra  materially  from  that  deseribod  above  :  sad 
moreover  <leserves  notice  on  aooount  of  tbe  great  simplicity  and  eflleaey  of  bia  plant.  Tbis  consisted 
partly  of  two  canal  boats,  decked,  each  100  ft  long,  by  IIH  ft  wide,  aud  8  ft  depth  of  hold.  They 
were  anchored  parallel  to  each  other,  15  ft  apart.  Supported  by  the  boats,  and  over  the  space  between 
them,  was  a  strong  four-legged  shears  about  dS  ft  high ;  at  the  top  of  whieh  was  attached  tackle  fnr 
handling  tho  cast  iron  cylinders.  In  the  liold  of  one  of  the  boats  was  a  Burlelirii 
Compressor  having  two  pistons  of  10  ins  diam,  aud  9  ins  stroke ;  together  with 
its  liollcr.  On  thedeck  of  the  same  boat  8t<ioda  vertical  air-«j%nk  or  rofrnlator, 
31  ft  long,  by  2  ft  diam.  made  of  quarter  inch  boiler  iron.  Tbis  served  to  maintain  a  supply  of  com 
pressed  air  in  the  submerged  cylinder  in  case  of  an  accidental  stopping  of  the  compresiior;  which 
otherwise  would  probably  be  fatal  to  the  laborers  in  tbe  cylinder.  The  oonden^vd  sir  flowed  (Wira 
this  uirtank  to  the  air-lock  af  thu  cyliudcr  through  a  hose'  4  iiudiam.  made  of  gum  elnstio  and  esa- 
vas,  and  so  long,  nnd  so  placed.'  as  to  extend  icsHf  as  the  oylinder  went  down,  thus  maintaining  ths 
eommunieatlon  at  all  times.  Rntirely  across  both  boats,  and  aoroas  the  interval  between  them,  ex 
tenuea  two  heavy  wooden  clamps,  each  '6  ft  wide  by  18  ius  liigh ;  each  cuiupoeeii 
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of  tbree  pleoea  of  12  X  IS  loota  tim>«r  wtrongty  bolted  together.  At  tbe  eeutern  oT  tbcne  olampa  the 
two  tuner  vt^tlcal  niilea  which  faced  eiioh  other  were  hollowed  out  to  the  depth  of  a  foot  by  concavi- 
tt«H  eorrespondlug  to  the  curve  of  the  cyliudert.  The  di!«tanoe  apart  of  the  clampn  wan  regulated  b/ 
two  BtroDK  Iron  rodx.  having  Hcrevs  and  nat<t  at  their  endit  for  that  purpose.  Thus  when  a  seotion 
nf  a  cylinder  wan  hoisted  by  nieanii  of  the  shear*  into  it«  position  over  the  space  between  the  two 
bo.-it-'*^  the  two  concavities  of  the  clamp-*  were  brought  into  contact  with  it.  and  the  nuts  being  then 
wrewed  np,  the  cylinder  was  firmly  held  In  place  by  the  clamps.  The  shears  oould  then  he  used  to 
rai^e  another  section  of  the  cylinder  to  Us  place  upon  the  first  one.  that  the  two  might  be  bolted  to- 
gether. By  re|ieating  this  prooess  the  height  of  the  cylinder  would  soon  booonie  too  great  to  allow 
the  shexrs  to  place  another  section  upon  it ;  in  which  case  the  nuts  of  the  screws  were  slightly 
loosened,  and  the  evlinder  was  allowed  to  slip  dowu  slowlv  into  tbe  water  until  its  top  was  but  a 
little  above  the  surface.  The  screws  were  then  again  tightened,  and  tbe  cylinder  agidn  held  fast 
until  other  sections  were  added  and  bolted  to  It.  When  there  was  danger  that  the  upward  pressure 
of  the  condensed  air  might  lift  a  cylinder,  the  clamps  were  raised  by  tbe  shcarH  clear  of  the  boats; 
then  tightened  to  the  cylinder,  and  a  pLitforra  of  planks  laid  upon  them,  and  loaded  with  stone. 

The  Air*lock  was  so  arraiiKeti  a^  not  to  I'eqnire  to  be  remftved  when  a  n<<w  mh;* 
tion  was  to  be  bolted  on.  This  was  effected  as  follows.  Seotions  of  the  cylinder  were  bolted  together 
in  the  manner  just  described,  until  its  foot  rested  on  the  bottom,  with  iu  top  a  few  feet  above  high 
water.  A  heavy  cai«t  iron  dlapltraipni  }\^  inches  thick,  to  form  tite  floor  of  the 
•!r>lock,  was  then  pla«ed  oo  top.  Then  was  added  another  16  ft  high  seetion  of  the  cylinder,  to  form 
the  chamber  of  tbe  air-lock.  These  were  bolted  together ;  and  then  another  diaphragm  was  added 
at  top  to  form  the  roof  of  the  air-lock.  These  diaphragms  were  fumlshed  with  openings,  and  with 
doors  and  valves  corresponding  with  those  shown  in  Fig  17.  and  remained  permanently  in  the 

cylinders  when  the  work  was  finished.  If  the  depth  of  soil  to  be  passed  tbroogh  before  reaching 
rock  is  so  great  as  to  require  other  sections  of  eriindc'r  to  be  bolted  on  above  the  top  of  the  air-lock. 
tbia  mav  Im  done  to  aav  extent,  inasmnch  as  it  \n  immaterial  whether  the  air-lock  is  under  water  or 

not.    To  keep  the  CTlinder  both  air-  and  water-tls^lit  the  faces  of 

the  flanges  before  heiog  bolted  together  were  smeared  with  a  mi.tture  of  red  and  white  lead  and  cot- 
ton fiber. 

At  tbe  Son  til  St  brldye  the  cylindori^  were  4,  6,  nnd  8  ft  dfam ;  in  lonfrths 
or  sections  10  ft  long  They  were  all  l^t  inch  thick.  Inside  flanges  i^  ins  wide,  lyi  thick,  with  bolt- 
boles  lyi  inch  diani,  by  5  ins  apart  from  center  to  center.  The  bottom  edgo  has  no  flange.  A  10  ft 
section  of  an  8  ft  evllnier  weighs  14400  lbs;  of  a  6  ft  one,  lOflOO;  of  a  4  ft  one.  8800.  An  8  ft  dia- 
phragm. ZtKX)  fts ;  ft  ft,  1600;  4  ft,  78S.  The  rock  undtn-  the  soil  was  quite  nneveh  in  places ;  but  was 
levelled  off  as  the  cylinders  went  down.    These  were  then  bolted  to  it  by  cast  iron  brackets. 

Th<^  work  went  on«  day  and  niipht,  summer  and  winter:  with  no  inter- 
ruptluu  from  the  tides,  floods,  or  floating  ice:  and  the  thirteen  columns  were  sunk,  filled  with  coo* 
Crete,  and  completed  in  11  months  ;  much  of  which  was  consumed  in  levelling  off  the  rock,  and  bolt- 
ing the  t>rackets.    The  want  of  guides  caused  much  tilting,  trouble,  and  delay. 

Rise  and  fall  of  tide  about  7  ft.  Greatest  depth  of  Mil,  gravel.  Ac,  passed  throagh.  80  ft :  least.  6 
ft.  Depth  of  water  .nbout  23  ft.  Thu  work  was  under  charge  of  John  Anderson,  a  very  skillful  and 
eneffcetic  superintendent  of  sucli  matters.  Tbe  entire  neat  eottt  of  the  cylin- 
ders in  place,  and  filled  with  hydraulic  concrete,  was  approximately  9d2  per  f<iot  uf  total  length 
for  the  8  ft  ones  ;  Sft4  for  the  6  ft ;  and  S-iO  for  thu  4  ft  diums.  There  were  three  gangs  of  workmen ; 
and  each  gang  worked  4  hours  at  a  time.  See  a  full  and  verj  iusiructtve  description  with  engrav- 
ings, by  D.  M.  Suuffer.  Superintending  Engineer  for  the  city,  in  tbe  Journal  of  the  Franklin  lust, 
Not.,  1872.  From  it  the  above  few  items  are  taken.  Mr.  Anderson's  firm  (Anderson  &  Barr,  Tribune 
Building.  N.  T.)  have  since  suooessftiUy  sunk  a  number  of  such  cylinders,  including  (1884-6)  four  of 
wrougbt-iron,  8  ft  diam,  66  ft  long,  at  an  angle  of  45^  with  the  bor,  intended  as  struts  to  prevent  the 
movement  o(  one  of  the  abat  piers  of  Chestnut  St  bridge,  Philm. 

Oast  iron  cylinders  nave  eracked  tbrong^b,aronnd  their  entire  ciictim- 
ference.  in  many  parts  of  the  U.  A.  in  very  cold  weather;  owing  to  the  ditf  of  contraction  of  the 
iron,  and  of  the  concrete  filling.    Ignorant  ose  of  them  may  be  attended  by  great  danger. 


Tlie  shaded  part  of  Fig  18  shows  a  transverse  section  of  the  eaitMOn  of  yeli«»w- 
pine  timber  and  c«meat,  for  the  Brooklyn  tower  of  Eaitt  River  (N  Y) 

suspension  bridge,  of  1600  ft  clear  span.  It  is  168  ft  long  at  bottom,  and  102  ft  wide. 
A  longitudinal  section  resembles  the  transverse  one,  except  in  being  longer,  and  in 
showing  more  shafts  J.  Of  these  there  are  6,  arranged  in  pairs,  for  expedition  and  as 
a  precaution  against  accident.  Namely,  two  water-shafts  J.  each  7  ft  by  6*^  ft  acrosn, 
for  removing  by  buckets  and  hoisting  apparatus,  the  material  excavated  beneath  the 

caisson ;  together  with  such 
water  as  may  accumulate  at 
o  o;  two  air-shafts  of  21  ins 
diam,  through  which  air  is 
forced  from  above,  to  expel 
the  water  from  the  chamber 
G  S  S  D  below  the  caisson,  so 
as  to  allow  the  laborers  to 
work  there  at  undermining; 
the  expelled  water  escaping 
under  the  foot  C  D  of  the  cais- 
son, into  the  river :  and  two 
supply  shafts  of  42  ins  diam, 
for  admitting  laborers,  tools, 
kc.  The  several  shafts  of  course  have  air-chambers  on  top,  on  the  same  principle  as 
Fig  17,  to  prevent  the  escape  of  the  compressed  air  in  s  8. 
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660  FOUNDATIONS. 

The  ■b»ft*  mn  ot  }i  ioeb  boUer  Iron.  Tbe  fiDoC  C  D,  nine  timben  bigb,  U  oontioaoos,  extending 
entlrelj  aroond  tbe  oaiMon ;  lu  bottom  la  sbod  witb  cut  iron :  its  foar  oomera  are  strengtbened  bj 
wooden  kneea  SO  ft  long. 

Prom  tbe  bottom,  up  to  tbe  line  If ,  5.  14  ft.  tbe  eatason  is  built  of  borixontai  layer*  of  timben  one 
foot  square:  the  layers  crossiog  each  otber  at  right  auglei«:  and  tbe  timbers  of  each  layer  touching 
each  other  well  forced  and  bolted  together;  and  all  tbe  joiou  filled  with  pitch.  To  aid  in  preventing 
leakage,  the  nuts  and  heads  of  tbe  screws  bare  India-rubber  washers:  also  all  ouuide  seams,  as  well 
M  all  the  seams  of  the  layer  of  timbers  N,  N,  are  tboroaghly  calked:  and  a  layer  of  tin,  enclosed 
between  two  layers  of  felt,  is  placed  ouuide  of  each  outer  Joint ;  and  over  tbe  entire  top  of  tbe  layer 
next  below  N.  V. 

When  the  eaixson  was  built  up  to  N.  N.  on  land,  it  was  laonched,  floated  into  position,  and  anchored : 
after  which  were  added  for  sinking  it.  fifteen  courses  of  timbers  one  ft  square;  and  laid  one  ft  spart 
in  the  clear ;  with  the  intervals  filled  witb  concrete.  The  top  course  A  R  is  of  solid  timber,  to  serve 
as  a  floor  for  supporting  machinery,  4o.  It  was  sunk  some  feet  below  tbe  very  bottom  of  tbe 
rtver.  in  order  to  avoid  the  teredo. 

Cribs  are  sunk  outside  of  the  caisson,  to  form  temporary  wharves  for  boats  carrying  away  excavated 
material ;  and  for  vessels  bringing  stone,  Ac. 

When  tbe  caisson  was  sunk,  and  tbe  water  forced  out  from  the  chamber  or  space  CSS  D. workmen 
began  to  excavate  aniformly  the  enclosed  area  of  river  bottom,  so  as  to  allow  tbe  caisson  to  descend 
slowly  until  it  reached  a  Arm substratam.  The  space  C  S  S  D,  as  well  as  the  shafts,  was  then  filled  up 
solid^witb  concrete  masonry.  A  ooKir-dam  was  built  on  top  of  tbe  caisson  ;  and  in  it  tbe  regnlsr 
masonry  of  tbe  tower  was  started.  The  total  height  of  this  tower  inoluding  tbe  caisson,  is  about  300 
ft.    For  full  details  see  report,  1873,  of  W.  A.  BoebUng  the  cbfef  engineor. 

Hollow  cylinders,  or  otiier  forms  of  brickwork  or  ma- 

>y,  with  a  strong  curb  or  opeu  riug  oi'  timber  or  iruu  lieuuuili  liieoi,  ta»y  h« 


gradually  sunk  by  undermining  and  excavating  from  tbe  inside ;  and  form  very  stable  foundatious. 
Under  water  this  may  be  done  by  properly  shaped  scoops,  witb  or  without  the  aid  of  the  diving-bell, 
according  to  tbe  depth,  Ac.     On  land  it  will  often  be  the  most  economical  and  satisfactory  mode. 


especially  in  firm  soils.  The  descent  may  be  assisted  by  loading  them,  if,  as  sometimes  happens,  tbe 
friction  of  their  sides  against  the  earth  ouuide  prevenu  tbeir  sinking  by  their  own  weif  bt.  A  brick 
cylinder,  46  ft  outer  diam,  walls  .1  ft  thick,  has  been  sunk  40  ft  in  dry  sand  and  gravel,  without  any 
difficulty.  It  was  built  18  ft  high,  (on  a  wooden  curb  'il  ins  tbick,)  and  weighed  300  tons  t>efure  the 
sinking  was  beguu.  The  interior  earth  waa  excavated  slowly,  so  that  the  sinking  was  about  1  ft  per 
day ;  tbe  walls  being  built  up  as  it  sank.       Tunnel  shafU  are  at  umes  so  sunk. 

On  tbe  Rhine  Tor  a  coal  sliaft,  a  briclc  cylinder  25^^  feet  diam  was  first  tbas 
sunk  by  iu  own  weight  76  ft  through  sand  and  gravel ;  then  an  interior  one,  16  ft  diam.  was  sunk  in 
the  same  way  to  tbe  depth  of  256  ft  below  the  surface :  of  which  depth  all  tbe  180  ft  below  tbe  first 
cylinder  was  a  running  (quicksand.  At  256  ft  friction  rendered  the  cylinder  immovable.  Tbe  qniok 
sand  was  removed  by  bonug;  no  pumping  was  done ;  but  tbe  water  wsj  permitted  to  keep  thecyl  fttU. 

The  entire  foundation  for  a  large  pier  of  masonry  has  been  snnk  in  Oiis  manner,  in  a  single  mass; 
a  sufficient  uuniber  of  vertical  openings  being  left  in  it  for  the  workmen  to  descend,  or  for  tooU  to  be 
inserted  for  undermining.  This  is  generally  a  very  slow  and  tedious  operation,  especially  under 
water.  It  may  often  be  expedited  by  diving-bells  or  by  diving-dresses.  It  will  generally  be  better  to 
make  the  mass  wider  at  bottom  tban  above  it,  so  as  to  diminish  frictinn  against  the  ouuide  earth. 
On  land,  water  may  at  times  be  used  for  softening  the  bottom  earth.  Br  keeping  the  interior  of  such 
hollow  masonry  dry,  it  may  even  be  built  doumward  from  tbe  surface;  by  undermining  only  a  por- 
tion of  iu  circumference  at  a  time,  filling  said  portion  with  masonry,  and  then  removing  and  filling 
tbe  other  portion  ;  and  so  on  in  successive  stages  of  2  or  3  ft  downward  at  a  time.  This  mode  may  be 
adopted  also  when  friction  has  stopped  the  sinking  of  a  mass  by  lU  own  weight  when  undermined. 

Tbe  saiici  jpiimp  as  used  ut  the  St  Louis  bridge  will  often  l>e  of  sei^ice  in  rais- 
ing sand  from  cylinders  while  being  sunk  in  water.  Witb  a  pump  pipe  of  3.5  ius  bore,  and  a  water 
Jet  under  a  pressure  of  150  lbs  per  sq  inch,  20  cub  yds  of  sand  per  hour  were  raised  125  feet.  A  jet  of 
air  has  also  been  successfully  used  in  tbe  same  way,  as  at  the  Bast  River,  N  Y,  suspension  bridge,  &0. 

Fascines.  On  marshy  or  wet  quicksand  bottoms,  foundations  may  be  laid  by 
first  depositing  large  areas  of  layers  of  fascines,  or  stout  twigs  and  small  branclle^ 
strongly  tied  together  in  bundles  ftx>m  e  to  12  ft  long,  and  from  6  ins  to  2  ft  in  diam. 

The  layers  or  strata  of  bundles  should  cross  each  other.  A  kind  of  floating  raft  or  large  mattress 
is  first  made  of  these,  and  then  snnk  to  the  bottom  by  being  loaded  witb  earth,  gravel,  stones.  Ae. 
In  this  manner  the  abutmenU  and  piers  of  the  great  suspension  bridge  at  Kit* IT.  in  Russia,  with  spaas 
of  440  ft.  were  founded  in  1852,  on  a  shifting  quicksand.  There  the  fascine  mattresses  extend  100  fl 
beyond  the  bases  of  the  raasonrv  which  rests  upon  them. 

Fascines  may  be  used  in  the  same  way  for  sustaining  railway  embankmeuu,  4c,  over  marshy 
ground,  but  they  will  settle  considerably. 

Sand-piles.  We  have  already  alluded  to  the  use  of  sand  well  rammed  Id  layers 
into  trenches  or  foundatiou  pits;  but  it  may  also  be  used  in  soft  soils,  in  the  tAivpt 
of  piles.  A  short  stout  wooden  pile  is  first  driven  5  to  10  feet  or  more,  according  tc 
the  case.  It  Is  then  drawn  out,  and  the  hole  is  filled  with  wet  sand  well  rammed. 
The  pile  is  then  again  driven  in  another  place,  and  the  process  repeated.  The  inter- 
vals may  bo  from  I  to  3  ft  in  the  clear.  Platforms  may  lie  used  on  these  piles  as  on 
wooden  ones.  If  the  sand  is  not  put  in  wet,  it  will  be  in  danger  of  afterward  sink- 
ing from  rain  or  spring  water.  In  this  case,  as  with  fitscines,  it  is  well  to  test  the 
fouiKlation  by  mean^  of  trial  loads.  Some  settlement  must  inevitably  take  place 
until  all  the  parts  come  to  a  full  bearing:  but  it  will  be  comparative! y  trifling.  The 
same  occurs  in  every  large  work  to  some  extent;  us  iu  a  roof  or  arch  of  great  S|iaD, 
whetlier  of  wood,  iron,  or  masonry ;  so  also  with  all  tall  piers,  walls,  Ac,  &c  Sandy 
foundations  under  water  should  be  surrounded  by  stout  well-driven  sheet- piling,  to 
prevent  the  enclosed  sand  from  running  out  in  case  the  outer  sand  Is  washed  away; 
aud  should  also  be  defended  by  a  deposit  of  random-stone.      See  Sand-pilei.  p  626. 
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On  bad  bottoms  under  water,  small  arttflctal  Islands  of  good  soil  have 

been  deposited;  aod  the  maaonrjr  founded  upon  tbem.  Canal  locks  and  otber  atruetarea  may  at 
times  be  adrantageoasly  fonnded  in  tbia  way  in  marshy  loils.  If  necessary,  a  depth  of  sereral  feet 
of  the  bad  soil  may  be  dredged  ont  befhre  the  firmer  soil  Is  deposited ;  and  the  latter  may  be  weighted 
by  a  trial  load  to  test  its  stability. 

The  mode  of  laying  a  foundation  under  water,  by  building  the  masonry  upon  a  timber  platform 
above  water,  upheld  by  stronip  screws,  and  lowered  into  the  water  as  the  work 
Is  finished  in  the  open  air.  a  course  or  two  at  a  time,  has  of  late  been  much  employed  with  entire 
snooess,  in  large  bridge-piers  in  deep  water.  It  however  is  not  new.  It  was  suggested  more  than 
100  vears  ago  by  Belldor. 

Piles  are  driven  6  to  10  ft  apart  aronnd  the  space  to  beoocnpled  by  the  pier;  having  their.tops  oon> 
nected  by  heavy  timber  cap-pieoe.-«.  These  la&t  aphold  the  screws,  which  work  through  them.  The 
whole  Is  braced  against  lateral  motiou. 

A  CLUMP  OF  PILES  WELL  DRIVKN ;  and  then  enclosed  by  an  iron  cylinder  snnk  to  a 
fii-m  bearing,  and  filled  with  concrete,  is  an  excAlleut  foiiuUation.  The  piles  may 
(extend  to  tlie  top  of  the  cylinder,  and  thus  be  enclosed  in  the  concrete.  Such  an 
arraugement  has  been  patented  by  S.  B.  Gushing,  C.  K.,  Proyidence,  R.  I.  The  cyl- 
inder and  concrete  serve  to  protect  the  piles  from  sea-worms,  and  fruni  decay  above 
low  water ;  and  are  not  intended  to  support  the  load  above  them. 

Cost  of  a  dlTlngr  outfit,  with  two  dresses,  air-pump  and  tubes,  about  S750, 
or  S600  with  cheaper  pump.    Alfred  Hale  &  Co,  30  School  St,  Boston,  Mass. 

Two  men  can  work  the  air-pump  to  50  ft  depth. 


STONEWOEK. 


Where  work  is  done  on  a  large  Rcale,  bltisting  can  sometimes  be  done  at  from  10 
to  20  per  cent  less  cost  per  cubic  yard  by  means  of  machine  ilrllls  and 
dynamite^  than  by  iiaiitl  drills  and  is:nnpowdcr.  Ordinarily,  bow- 
ever,  tbe  cost  is  about  the  same,  and  tlie  advantage  of  the  newer 
methods  conflisft)  mther  in  economy  of  time,  convenience,  and  having  the  work  more 
entirely  under  control.  In  ordinary  railroad  work  in  average  hard  rock,  and  when 
common  labor  costs  $1  per  day  of  ten  hours,  the  cost  per  cubic  ywrd,  for  loosening, 
will  ordinarily  range  between  80  and  60  cts,  including  tools,  drilling,  powder,  &c\ 
average  45  cts. 

Holes  for  blastinfc,  drilled  by  hand,  are  generally  from  23^^  to  4  a 
deep:  and/rom  1}/^  to  2  ins  diuni.  Churn-drillin§^  is  much  more  expeditious 
and  econonii(ial  than  that  by  jumping^  mentioned  below.  The  churn-drill  is  merely 
a  round  iron  bar,  usually  about  1%  ins  diam,  and  6  to  8  ft  long;  with  a  Hteel  cutting 
edge,  or  bit,  (weighing  about  a  Ifo,  and  a  little  wider  than  the  diam  of  the  bar,)  welded 
to  its  lower  end.  A  man  lifts  it  a  few  inches;  or  rather  catches  it  an  it  rebounds, 
turns  it  partially  around:  and  lets  It  fall  again.  By  this  means  he  drills  from  5  to 
15  feet  of  hole,  nearly  2  ins  diam,  in  a  day  of  10  working  hours,  depending  on  the 
character  of  the  rock.  From  7  to  8  ft  of  holes  1%  ins  diam,  is  about  a  fair  d«y's 
work  in  hard  gneiss,  granite,  or  compact  siliceous  limestone ;  5  to  7  ft  in  tough  C'Ui- 
pact  hornblende ;  3  to  5  in  solid  quartz ;  8  to  9  in  ordinary  marble  or  limestone ;  9  to 
141  in  sandstone;  which,  however,  may  vary  within  all  these  limits.  Vfln^Q  the  hole 
is  more  than  about  4  ft  deep,  two  men  are  put  to  the  drill.  Artesian,  and  oil  wells, 
in  rock,  are  bored  ou  the  principle  of  the  churn-drill.    See  also  diamond  drill,  p  052. 

Tbe  Jumper,  as  now  nsed.  is  much  shorter  than  the  chum-drill.  One  man  (tbe  holder)  Mtting 
down,  Tirts  it  slightly,  and  turns  it  partly  aronnd,  during  the  iutervalii  between  the  blows  from  about 
8  to  12  lb  hammers,  wielded  by  two  other  laborers,  tbe  srWieers.  It  can  be  used  for  holes  of  smaller 
diameters  than  cau  be  made  by  the  chum-drill :  because  the  holder  can  more  readily  keep  tbe  cutting 
end  at  tbe  exact  spot  required  to  be  drilled.  It  is  also  better  in  conglomerate  rock  ;  the  hard  siliceous 
pebbles  of  which  deflect  tbe  oburn-dritl  from  iu  vertical  direction,  so  that  the  hole  becomes  crooked, 
and  the  tool  becomes  bound  in  it.  The  coal  conglomerates  are  by  no  means  hard  to  drill  with  a 
Jnmper.  The  Jumper  was  formerly  nsed  for  large  deep  holes  also,  before  the  superiority  of  the  cbnra- 
drill  became  established. 

Either  tool  requires  reshsrpening  at  about  each  6  to  18  inches  depth  of  hole;  and  the  wear  of  tbe 
steel  edge  requires  a  new  one  to  be  put  ou  erery  2  to  4  days.  M'iih  lion  jumpers,  the  top  also  be- 
comes battered  away  rapidly.  As  the  hole  becomes  deeper,  longer  drills  are  freqiientlv  used  than  at 
the  becinniog.  Tbe  smaller  the  diameter  of  the  hole,  the  greater  de|>th  can  be  drilled  in  a  given 
time;  and  tbe  depth  will  be  greater  in  proportion  than  the  decrease  of  diam.  Under  similar  oiroum- 
atanoes,  three  laborers  with  a  jumper  will  about  average  as  much  depth  as  one  with  a  ohurn-drill. 

The  hand-drill,  in  which  the  same  man  uses  both  the  hammer  and  the  short  drill,  iscbieBy  used 
for  shallow  boles  of  small  diam.  With  it  a  fair  workman  will  drill  about  as  many  feet  of  hole  from 
S  to  IS  ins  deep,  and  about  H  inch  diam,  a8  4>ue  with  a  churndrltl  can  do  in  holes  aboutS  ft  deep,  and 
i  ins  diam,  in  the  same  time.  Uuly  the  Jumper  or  the  hand  drill  can  be  used  for  boring  boles  whiob 
■re  lM>ri«mtal,  or  mooh  incUned. 
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Art.  1.  Ufachtne  Roek-drills  bore  much  more  rapidly  than  hand  drills; 
and  more  economically,  provided  the  vorlc  is  so  great  as  to  Justify  the  prelioiiiiary 
outfit.  They  drill  in  any  direction,  and  can  often  be  used  in  boriu<r  holes  so  locatmi 
that  they  could  not  be  bored  by  hand.  Tliey  are  worked  either  by  ateam  directly : 
or  by  air,  compressed  by  steam  or  water  power  into  a  tank  called  a  "  receiver,*'  and 
thence  led  to  the  drills  through  iron  pipes.  The  air  is  best  for  tunnels  and  shafts, 
because,  after  leaving  the  drills,  it  aids  ventilation. 

Art.  2.  Sacli  drills  are  of  two  kindst  rotatliiir  drllln  and 
nermfisloii  drill».  In  ^e  former,  the  drill-rod  is  a  long  tube,  revolving  sbont 
Its  axis.  The  end  of  this  tube,  hardened  so  as  to  form  an  annular  catting-«dge,  ia 
kept  in  contact  with  the  rock,  and,  by  its  rotation,  cnts  in  it  a  cylindrical  hole,  gen- 
enilly  with  a  solid  core  in  the  center.  The  core  occupies  the  core-barrel.  Art  8. 
The  drill-rod  is  fed  forward,  or  into  the  hole,  as  the  drilling  proceeds.  The  debris 
is  removed  from  the  hole  by  a  constant  stream  uf  water,  which  is  led  to  the  bottom 
of  the  hole  through  the  hollow  drill-rod,  and  which  curriett  the  debris  up  throagh 
the  narrow  space  between  the  outside  of  the  drill-rod  and  the  sides  of  the  hole. 

In  perciiASion  drills,  the  drill-rod  is  solid,  and  its  action  is  that  of  the 
chntn  drill,  p  651. 

Art.  3.  In  the  Brandt  (European)  rotary  drill,  the  cutting- edge  at  the 
end  of  the  tubular  drill-rod  is  armed  with  hardened  steel  teeth.  It  is  pressed  agai oat 
the  rock  under  enormous  hydraulic  presenre,  and  makes  but  from  6  to  8  revolutions 
per  minute. 

Art.  4.  The  Diamond  drill  ia  the  only  form  of  rotary  rock-drill  exten- 
sively used  in  America.  In  it,  the  boring-rod  consists  of  a  number  of  tube^  jointed 
rigidly  together  at  their  ends  by  hollow  interior  sleeves. 

Art.  5.  Tbo  borinMT-bit.  Fig  1,  is  called  a  ''core-bit.*'  Its  cutting-edge 
has  imbedded  in  it  a  number  of  diamonds  as  shown.  These  are  so  arranged  ta 
to  project  slightly  from  both  its  inner  and  outer  edges.  Annular  spaces  are  thus 
left  between  core  and  core-barrel,  and  between  the  latter  and  the  walls  of  the  hole. 
These  spaces  permit  the  ingi*e8s  and  egress  of  the  water  used  in  reyioving  the  debris 
from  the  hole,  and,  at  the  same  time,  prevent  the  core  from  binding  in  the  barrel, or 
the  latter  in  the  h«*le. 

TTig.l  T'ifir.S 
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Art.  6.  Just  above  the  "core-bit,"  the  " COre-.llfter,'^  Fig 2,  is  screwed  to 
the  barrel.  This  is  a  tube  about  8  ins  long  and  of  the  same  outer  diam  as  the 
barrel.  Inside  it  is  slightly  coned,  with  the  base  of  the  cone  upward,  and  far* 
nished  with  a  loose  split-ring,  R,  toothed  inside,  and  similarly  coned.  While  the 
drilling  is  going  on,  this  ring  encirrles  the  core  closely,  and  remains  loose  from  tlie 
outer  cylinder;  but  when  the  drilling  is  stopped,  and  the  drill -rod  begins  to  be 
raised,  the  ring  is  caught  and  raised  by  the  outer  cylinder:  and,  by  rnison  of  its 
beveled  shape,  is  pressed  hard  against  the  core  of  rock,  which  is  pulled  apart  close 
to  its  foot  by  the  power  which  lifts  the  drill-rod. 

Art.  7.  This  (>ower  is  supplied  by  a  rope-dmm^  fastened  to  the  top  of  the 
frame  which  supports  the  drill  and  worked  by  the  same  engine  which  rotates  the 
drill-rod.  The  rope  from  the  drum  passes  up  to  a  pulley  at  the  top  of  a  derrick. 
and  thence  down  to  the  upper  end  of  the  drill-rod.  The  considerable  height  of  the 
derrick  enables  from  40  to  50  feet  of  the  drdl-rod  to  be  removed  in  one  piece. 

Art.  8.  Above  the  "core-lifter  "  is  the"  core-iM»rrel.»»  This  is  a  wrought- 
iron  tube  from  8  to  16  ft  long.  It  is  spirally 

grooved  outside,  to  permit  the  ascent  of  the  water  and  debris  fVom  the  hole ;  and  it 
sometimes  set  with  diamonds  on  its  outer  surface,  to  prevent  wear.  The  bit,  lifter, 
and  barrel  are  of  uniforiii  outer  diani,  a  little  less  than  the  diam  of  the  hole.  The 
rncrbar  ™L  *^        drUl-rod  varies  from  about  1%  ins  for  2-inch  barrel  to  6>4  ins  for  l* 
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Art.  O.  Where  H  ia  not  defired  to  preMrre  the  core  Intact,  a  **l^rlnc* 
ll«M4l,'*  Fig  8,  may  be  need  inntead  of  the  **  core-bit,**  Fig  1.  Thie  In  a  solid  bit 
(except  tliat  it  ia  perfbrated  with  holee  which  fJIuw  the  water  to  pas*  out  from 
tlie  drill^od),and  in  ariued  with  diHiiionda.sonie'of  wliich  project  beyond  it*  circum* 
lerence. 

A rU  lO.  The  dril^-rod  r«vol vm«  at  A  ii|»ee«l  of  fi ou  200  to  400  reToliitioun 
per  minute.  The  en^rlne*  by  which  it  is  rotated,  consists  iiHiially  of  two  crlin* 
ders,  either  fixed  or  oecrllating,  operated  by  steam  or  compressed  air,  and  working 
at  right  angles  to  each  other.  By  means  of  cranks  thev  tarn  a  shaft,  which  com- 
mnnlcates  iu  motion,  throngli  berel  gt^aring,  to  the  drill-rod.  The  latter  is  DmI 
down,  as  the  hole  progresses,  either  by  other  iMTel  ip«Artnir  driren  by  the 
same  engine ;  or  by  being  attached  to  a  cross-head  which  connects  the  piston  rods  of 


,  from  8  to  16  ft  long,  which  show  the  precise  nature  and  stratification  of  the 
rttck  penetrated,  renders  it  very  TtUuable  in  teet-lioring,  prospecting  of  mines,  ttc. 
They  are  also  furnished  of  snfflcieat  sise  to  bore  holes  from  6  to  lo  ins  diam,  for 
artesian  wells.  The  roundness  of  the  hob>8  bored  enables  the  use  of  casing  of 
nearly  as  great  diam  as  that  of  the  hole;  and  their  straightnees  is  advantageoiis  in 
case  a  pnmp  has  to  be  used. 

Art.  12.  Iu  soft  rock  a  bit  may  drill  throngh  200  ft  or  more  withont  resetting. 
On  the  other  hand,  in  very  hard  rooks,  similar  drills  will  wear  out  in  10  It  or  less. 
In  1883-4.  a  diamond  drill  by  the  Aro*n  Diamond  Rock  Boring  Co,  weighing  com- 
plete  about  1400  ftw.  and  costing  about  $2800,  liorod,  iu  1428  hours  of  Hcttial  boriuK, 
M  hvien  of  2  ins  diam,  and  aggregating  9141  lineal  ft  Average  length  of  hole  172.5 
ft.  Averafpe  rate^  6.4  lin  ft  per  honr ;  greatest,  12.8.  A veraire  tatal  cost, 
aiboat  96  cts  per  lin  ft.  The  rock  was  principally  limestone,  with  some  quarts  and 
aandstoae.  The  holes  were  bored  ut  angles  varying  from  (P  to  45°  with  tlie  vertical. 

As  a  rough  average  we  may  »ay  that  in  ordinary  roelKS.  as  granite,  lime- 
stone, and  liat-cl  Biindstone,  thesft  drills  will  boredeup  ho1t«,2  to  3  ins  diam,  at  frona 
1  to  2  ft  per  hour,  and  at  a  cost  of  frosn  $1  to  1^2  ber  ft. 

Art.  13.  Thune  drills  are  made  of  many  widely  diwerent  aises^  and  with 
diflTerent  monntinfcs,  depending  upon  the  nature  of  the  work  to  be  done. 

Tliey  are  made  by  the  Penna  Diamond  Drill  Co,  PotUvilie,  Pa;  Amerirnu 
Diamond  Rock-Boring  Go,  oflloe  15  Cortlandt  St.  New  York ;  M.  C.  Bollock  Mfg  Co, 
Chicago,  III,  and  others.  These  companiea  usiuUly  contract  to  do  the  drilling  them- 
selves. They  also  sell  the  machines,  generally  under  restrictions  as  to  the  location 
and  extant  of  the  territory  In  wliicb  tkay  an  to  be  used.  Tlie  prices  depend, 
to  a  great  extent,  upon  the  nstare  of  these  mtrictious  The  card  prices  for  some 
of  the  leading  aises,  are  as  follows:  (Discoant,  18»8,  about  25  per  cent.) 


Diam 
of  bole. 

Greatest 

length  or 

liole. 

Weight 

of 
maebine. 

•^r- 

in*. 

2 
4 

ft. 

250 

500 

2000 

2000 

lbs. 

400 
1000 
3500 
0200 

t 

1500 
2000 
4«'00 
6000 

Art.  14.  In  perenssion  driilinfr  machines,  the  drill-bar  is  driven 
forcibly  Hgainst  tlie  rock  by  the  pressure  of  sleam  or  of  compressed 

air,  acting  upon  a  piston,  P,  Fig  4,  moving  in  a  cylinder,  CC,  Figs  4  and  6;  and 
makes  about  800  stroKes  per  minnte.  The  rotation  of  the  drill-bar  is  accomplished 
antonmtically,  as  explained  in  Art  27. 

Art.  15.  Tiie  cylinder,  C  C.  is  free  to  slide  longitudinally  in  the  fixed 
fmme  or  shell,  8  S,  Fig  5,  to  which  it  is  attached,  and  vhich,  in  turn,  is  fixed  to  the 
tripod  or  other  stand  fsee  Arts  18  and  19)  upon  which  the  machine  is  supported. 

Art.  16.  Tbe  drill-rod,  R,  corresponding  to  the  churn  drill,  p  651.  is 
fHst<*ned,  by  an  appropriate  chuck,  K,  to  the  end  of  the  piston-rod,  0.  The  drilling 
is  begun  with  a  short  drill-iod,  and  with  the  cylinder  as  far  from  the  hole  as  the 
length  of  the  shell,  S,  will  ))ermit.  As  the  bit  penetrates  the  rock,  the  cylinder  ia 
fed  fiirw.ird,*  either  antornHtically  or  by  hand  (see  Art  28),  as  far  as  the  length  of 

«  nr  forward,  or  dowaward,  we  mean  toward  ihe  hole  which  la  being  drilled.    By 
ward,  «»r  upward,  from  the  hole. 
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the  8h«U  permits.  The  drilling  it  then  stopped,  by  shnttiiig  off  the  stmtu  *  and  the 
cylinder  is  run  back,  by  reversing  the  motion  of  the  feeding  apparatuo.  The  short 
drill-bar  is  then  removed,  and,  if  t|ie  drilling  is  to  be  continued,  a  longer  one  is  8ot>> 
Btituted  in  its  place,  and  the  process  repeateil. 

Art.  17-  Inasmuch  as  the  act  of  drilling  wears  the  edges  of  the  bit,  thus  redoo 
ing  its  diam  somewhat,  the  bole  will  of  eourse  be  taperlngr*  or  of 
slightly  less  diam  at  bottom  tliau  at  top.  Tlie  second  bit  must  therefore  be  of 
slightly  leas  diam  than  the  first;  say  from  ^  to  ^  inch  lees;  the  third  must  be  leM 
than  the  second,  and  so  on.  On  the  other  hand,  iu  long  holes,  the  drill-bar  will 
soldom  lie  in  a  perfectly  straight  line,  so  that  the  bit,  instead  of  striking  always  in 
tliu  same  spot,  will  describe  a  circle,  and  thus  enlarge  the  hole. 

Art.  IS.  The  shell,  S,in  which  the  cylinder  tdides,  is  provided  with  an  arrange^ 
ment  by  which  it  may  be  clamped,  either  to  a  tripod^  as  in  Fig  d,  or  to  a  long 
bar  or  eolamn,  along  which  it  may  slide.  The  column,  if  hor,  may  rest  npon 
two  pairs  of  legs;  or  it  may  be  braced,  iu  any  position,  against  the  opposite  sitlts  of 
a  narrow  out.  or  Hgitinst  the  floor  and  ceiling  of  a  tnniiel-heading,  Ac,  in  which  case 
one  of  its  ends  is  pruYided  with  a  screw  which  is  run  out  so  as  to  cause  the  two  ends 
of  the  col  to  press  firmly  against  the  opposite  rock  walls ;  or  rather  against  wooden 
blocks  which  are  always  phtced  between  each  end  of  the  col  and  the  rock.  Iu  any 
case,  the  supports  of  the  drill  are  so  jointed  that  it  can  bore  iu  any  direction. 

Art.  19.  Frequently  the  drill  is  el»mped  t«  »  sbort  »rm,  which,  in 
turn,  is  clamped  to  the  column,  and  proje'-ts  at  right  angles  from  it.  The  arm  may 
be  slid  lengthwise  of  the  column,  and  may  be  revolved  around  it,  and  thus  may  be 
phiced  in  any  desired  position,  and  there  clamped.  This  gives  the  drill  a  greater 
range  of  motitm,  and  enables  it  to  bore  holes  over  a  greater  space  than  would  other- 
wise  be  possible  without  moving  the  column. 

Art.  20.  In  tunnels,  one  or  more  drills  may  be  mounted  upon  a  €lrill-«»r« 
rlafT^f  travelling  upon  a  railroad  track  running  longitudinally  of  the  timnel. 
U|K)n  this  track  the  carriage  is  niorod  up  to  the  work,  or  run  back  from  it  when  • 
blast  is  to  be  fired.  The  giuige  of  the  track  may  be  made  wide  enough  to  admit  of 
a  second  trtick,  of  uaiVower  gange,  running  underneath  tlie  drill-carriiige.  Upon 
said  narrower  ti-ack  the  cars  are  run  which  carry  away  the  debris.  Drill-carriagea 
are  less  commonly  used  in  this  country  than  in  Europe. 

Art.  31.  The  pressure  useci  in  the  cylinder^  of  percnsfiion  drills  is 
usually  from  about  (H)  to  70  lbs  per  sq  inch.  In  an  hoar,  one  will  <irill 
a  hole  from  1  to  2  ins  diam,  and  from  3  to  10  ft  deep,  depending  on  the  character  of 
thu  rock  and  the  siise  of  the  machine  at  from  10  to 25  ets  per  lin  ft  with  lalnir  at 
$1  |>tir  day.  A  bit  reqaires  sharpeninsr  at  about  every  2  to  4  ft  depth  of 
hole.    One  blacksmitli  an<t  helper  can  sharpen  drills  for  5  or  6  machines. 

Art.  22.  The  bltti  are  of  many  diflTerent  shapes,  varying  with 
the  nature  of  the  work  to  Im  done.  For  uniform  hard  rock^  the  bit  has  two  cuttings 
edges,  forming  a  cross  with  equal  arms  at  right  angles  to  each  other.  For  seamy 
rock,  the  arms  of  the  cross  are  equal,  but  fonn  two  acute  and  two  obtuse  angles  with 
each  other,  as  in  the  letter  X.  For  soft  rock,  the  cutting-edge  sometimes  has  the 
shape  of  the  letter  Z. 

Art.  23.  Each  drill  requires  one  mnn  to  operate  it.  Two  or  three  men 
are  required  for  moving  the  heiivier  sizes  from  place  to  place.  One  man  can  attend 
to  a  small  air-com pressor  and  its  boiler. 

Art.  24.  Figs  4  and  5  represent  the  ^*  Eellpse "  percussion  drill  of  the  Inger- 
soll  Rock-Drill  Co,  No  10  Park  Place,  New  York.  Fig  5  shows  the  drill,  mounted 
(as  is  most  frequently  the  case)  upon  a  tripod.  Fig  4  is  a  longitudinal  section  through 
the  cylinder,  valve-chest,  and  piston. 

Art.  25.  The  cylinder,  C,  is  provided  at  each  end  with  a  rnbber  eushion* 
N,  for  deadeiiiiix  the  blows  of  thu  piston,  which,  iu  all  percussion  drills,  is  liable,  at 
times,  to  strike  either  cylinder-head.  The  side  of  each  cushion  nearest  the  piston  is 
protected  by  a  thin  iron  plate.    The  cushions  have  to  be  renewed  from  time  to  time. 

Art.  26.  The  Talire,  Y,  is  shaped  somewhat  like  a  spool.  The  bolt,  B, 
passes  loosely  through  its  center  and  guides  ite  Steam  is  admitted  from  the  boiler 
to  the  steam-chest,  and  occupies  all  of  the  space  between  the  two  end  flanges  of  the 
valve,  except  «.  It  drives  the  valve  Hlteriiately  from  one  end  of  tlie  valve-chest  to 
the  other,  and  back,  according  as  one  end  or  the  other  is  relieved  from  opposing 
pressure  by  being  pnt  into  communication  with  the  exhaust,  E,  by  way  of  the  pas- 
sages, D  D'  and  F  F'.  D  and  D'  communicate  with  the  ends  of  the  steam-chest 
through  passages  not  shown;  while  F  and  F' communicate,  through  similar  pas- 
saxes,  with  the  exhaust,  £.  The  piston  has  an  annular  channel,  L  L',  encircling  it. 
Whatever  the  position  of  the  ]>i8ton,  one  of  the  passages.  D  or  D',  is  always,  by  means 
of  this  channel,  in  communication  with  its  corresp3nding  passage,  F  or  F',  leading 

.riX"  *^**i'*  repetition.,  we  will  use  the  woid  wUmm  to  «lgolfj  either  tUtm  or  comprtMatd  air, 
wbleherer  happeaa  to  be  used.  -r  f 
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to  the  exhanat.  Thus,  one  or  th«  other  end  of  the  ▼alYe-cbeat  ia  alwavi  in  com* 
monicatiuQ  with  the  open  nir;  and  to  that  end  the  viilve  m  driven  by  the  prett  of 
the  steam  surrounding  it.  admitting  steHOi  to  the  cyl,  C,  fruiii  the  other  end. 

Art.  37.  Tbe  rotation  of  tbe  pinton,  and,  Mith  it,  that  of  the  drill- 
bar,  is  effected  thus:  The  spiraily-grooved,  cyliniirical  steel  bHr,  A,  called  a  rifle* 
bar,  passes  through  and  works  in,  tiie  rifle*nat.  H,  which  is  firmly  tlxed  in 
the  end  of  the  piston,  and  has  spiral  grooves  correspunding  with  those  on  the  rifle- 
bar.  Said  bar  is  fixed,  at  its  upper  end,  to  the  ratchet-wheel,  J,  the  pnwls  of  which 
are  t>4>  arninged  that,  on  the  down  stroke  of  the  piston,  the  rifle-nut,  H,  acting  upon 
the  grooTes  on  the  ritle-bar,  causes  it,  and,  with  it,  the  ratchet-wheel,  to  involve 
.j^  Hbout  their  common  axis.    The  weight  and  nio- 

jn  n.^i.»iitn     r,f    tl.A   nl.<»..i.     An     .i«  .iinli   tl.nt    it   tl.ii. 


Urge  drills  are  frequently  furnished  with  wa  automatic  feetHnn^  arran^e- 

ment  in  addition  to  the  hand-crank.    In  this  Hi-ningeinent,  when  the  cylinder 
leqaires  feeding  forwaid,  and  when,  consequently,  the  piston  is  running  nearly  to 
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the  forward  limit  of  its  stroke,  the  piston  presses  against  a  cam  projecting  into  (he 
cyl  near  the  forward  end,  and  presenting  an  inclined  plane  to  it.  The  motion  of 
this  cam,  by  means  of  an  exterior  axle,  running  alongside  of  the  cyl  and  furnished 
at  its  top  witli  a  dog,  turns  a  ratchet-wheel  fixed  to  the  feed-screw.  When  desired, 
the  automatic  feed  may  be  thrown  out  of  gear,  and  the  feed  moved  by  hand. 

Art,  29.  The  tripo«l  leg^s  consist  of  wrought-irou  tul>es,  W  W.  These  are 
screwed  at  tlieir  upper  ends  into  socliets,  X  X.  At  their  lower  ends,  they  receive 
the  pointed  and  tipering  steel  liars,  Y  Y,  about  2  or  3  ft  long.  The  legs  may  be 
lengtliened  or  shortened  by  turning  the  set-screws,  Z  Z,thuB  regulating  the  distance 
to  which  the  bars,  Y  Y,  can  enter  the  legs.  The  clamps,  b  b,  have  L-shaped  hooks 
of  J4  inch  to  I  inch  round  iron  forged  to  them.  On  these  hooks  the  welgrhts, 
d  d!  are  hung,  which  hold  the  machine  down  agamst  the  upward  reaction  of  its 
blows. 

Art.  SO.  The  following  table  gives  the  principal  dimensions  of  thes* 
drills,  with  the  dlams  and  lenipths  of  holes  to  which  each  is  adapted. 

Forjprlces,  apply  to  the  Co  at  the  al»ove  address.  We  give  the  card  prices  for 
1888.'  These  may  be  taken  as  giving,  approximately,  the  present  range  of  prices  of 
percussicm  drills  of  any  first-class  make.  Size  H  is  used  for  submarine  work,  heavy 
tnnneling,  and  deep  rock  cutting.  G  and  F  for  tunneling,  street  grading,  quarrying, 
and  sewer  work.  E,  D,  and  C  for  general  mining  purposes.  B  is  adapted  only  for 
very  light  work.  In  asking  for  estimates  on  drills  and  compressors,  give  the  fullest 
possible  description  (accompanied  by  a  sketch)  of  the  work  to  be  done,  stating  its 
present  and  proposed  extent.  State  whether  the  work  is  on  the  surface  or  under- 
ground. State  how  far  the  steam  or  compressed  air  will  be  carried.  Give  depth  of 
holes  to  be  drilled,  nature  of  rock,  &c.  Percussion  drills  are  sold  without  restriction 
as  to  the  purpose  or  extent  to  which  they  are  to  be  used. 

lilST  OF  llfOERSOIili  ««E€I«IP8E»>  PERCVSSIOIf  ROCK- 
DRILLING  MACHINES. 


Inner  dtum  of  ojrlinder iua. 

Leugth  of  full  stroke " 

•'      fHsd •• 

"       niaobine* ;..  " 

W(  of  maohioe,  unmounted.... lbs. 
"    tripod,  without  the  wts.  ."    i 
"    three  wtii  for  tripod  leg*.  "    > 
••    column,  »rm  and  olamp.  "   ) 

DiHin  of  hole  drilled Ins. 

Maximum  depth  of  vertt  bole ft. 

Prices. 

Machine,  nnmonnt'd.witbo'tdrlUs. ) 
Bet  of  drills  for  above  depth  of  bole.  > 
Tripod,  with  weights > 


Column,  8  ft  long.wltb  arm  &  damp.. 


HtoH 


Letter  designating  the  sise  of  the  machine. 


20 

34 
1S5 
1'25 
250 
200 

$ 

230 


2« 
5 
24 

86 
195 

125 
250 
280 
lto2 


24 
42 
250 

125 
250 
2'*0 
lto2 
1-i 


Column  4H  Ins  d lam. 


-80      I    80    I 


F 

o 

H 

3« 

*M 

5 

6H 

7 

7 

26 

84 

34 

53 

60 

60 

S45 

605 

670 

150 

275 

275 

S50 

4fO 

4<W 

4-20 

420 

420 

IJ<to2H 

2to4 

StoC 

16 

30 

40 

$ 

• 

s 

830 

875 

425 

£9 

168 

400 

46 

55 

6i 

Column  6  Ins  dtam. 


•  From  top  of  handle  of  feed-crank  to  lower  end  of  piston  at  the  end  of  the  dojrn  stroke. 

t  For  greatest  advisable  leugth  of  hor  boles,  deduct  one- fourth  from  these  depths. 

I  Machine  A  is  mouuted  on  a  small  frame.    Price,  so  mounted,  $150.   Hole  18  ins  deep.    Drills  $4. 

Art.  31.    Tlie  drills  of  different  makers  dlflfer  chiefly  In  the 

methods  by  which  the  Tnlve  is  operated.  In  some  this  is  done,  as  in  the  IngersoH 
**  Kclipse  "  drill,  Art  26,  by  the  pres  of  steam.  In  others,  the  valve  is  moved  by 
a  lever  or  tappet,  M'hich  projects  into  the  cylinder  so  as  to  come  into  contact 
with,  and  be  moved  by,  the  piston  at  each  stroke.  As  these  strokes  are  made  with 
great  force  some  300  or  more  times  per  minute,  such  valve<gear  is  necessarily  subject 
to  great  wear. 

Art.  32.  In  the  «« Little  Giant  Drill,"  made  by  the  Rand  Drill  Co, 
office  23  Park  Place,  New  York,  the  valve,  V,  Fig  6,  is  slid  backward  and  torwanl, 
in  the  same^ direction  in  which  the  piston  is  moving,  by  the  tappet,  T,  which  is 
pivoted  at  J).  The  inclined  lower  corners  of  this  tap)>et  ride  up  as  they  come,  alter- 
nately, in  contact  with  the  shoulders,  *«,  of  the  piston. 

Art.  33.     The  snme  Co  have  recentiv,  1884,  brought  out  two  new 

«rlll»,  the^fc  Economizer  *«  and  the  ^'Slngrsrer'';  in  each  of  which  the 

Mve,  us  in  the  Ingersoll  "  Eclipse"  drill,  is  moved  by  steam,  but  upon  a  quite  Uif- 
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ferent  princfpte.  In  these  two  drills,  there  Is  no  steam  cushion  for  the  piston 
to  strike  against  on  the  down  stroke,  the  force  of  whicii  is  thns  more  completely 
ex)>ended  upon  the  rock.  The  cushion  behind  or  above  tlie  piston,  on  the  return 
stroke,  is  formed  by  exhaust  steam.  Both  of  these  drills  cut  off  steam  before 
tlio  completion  of  either  stroke,  thus  using  the  steam  expansively.  On  the  down 
stroke,  the  "Economizer"  cuts  off  earlier  than  the  "Slugger."  Hence  its  name. 
In  both  machines  the  iK>int  of  cut- 
off is  fixed  when  the  machine  is 
mnde. 

Art.  34.  In  the  improved 
Btirleiirh  <)rill,  the  valve,  Y, 
FiK  7,  is  moved  by  two  tappets, 
T  T',  which  are  alternately  struck 
by  the  ends  of  the  piston,  P.  Bnr* 
lei^pb  Roek-Hrf  11  Co,  mfrs, 
Fit-chbitrg,  Mass;  ofBce  115  Liberty 
St,  New  York. 

Art.  35.  In  the  "Dynamic** 
rock-drill,  invented  by  Prof  He 
Tolson  Wood,  and  developed 

and  mannfai  tured  by  the  Oray-  JE<^ig.6 

don  A  Denton  Mfg  Co,  id 

Gortlandt  St,  New  York,  the  valTe  is  attached  to  a  valve-piston,  Y,  Fig  8,  which 
is  moved  bnckward  and  forward  by  steam,  which  is  admitted  so  as  to  act  alternately 
npon  its  two  ends.  The  admission  of 
this  steam  is  controlled  by  a  small 
auxiliary  valve,  a.  A  hub  on  the 
back  of  the  auxiliary  valve  fits  in  the 
spiral  groove  shown  on  the  plug,  n. 
This  plug  is  constantly  pressed  down- 
wani  (as  the  Fig  stands)  by  steam 
pressing  npon  its  upper  shoulder,  but 
it  is  lifted  at  each  forward  stroke  by 
the  conical  surface  of  the  piston,  P, 
pressing  against  its  foot.  It  thus 
moves  constantly  up  and  down,  carry- 
ing the  valve,  a,  with  it.  By  turning 
the  plug,  n,  by  means  of  the  adjusting- 
stem,  »,  the  hub  of  the  valve  is  made  to  occupy  a  higher  or  lower  point  In  the  spiral 
groove,  and  thns  the  stroke  of  the  piston  may  be  varied,  or  may  be  confined  to  any 
part  of  the  cylinder. 

In  this  drill,  unlike  the  Ingersoll,  Art  27,  the  piston  rotates  while  making 


IHig.T' 


inig.8 

the  dotmtoard  stroke.    The  pi Aton-rod^  o,  is  made  llgrhter  than  !■■ 

other  drills.    This  gives  a  greater  surface  under  the  piston  for  the  pressure  of 
the  steam  on  the  up  stroke,  and,  consequently,  greater  lifting  power.    This  is  use- 
ful when  the  drill  sticks  in  the  hole. 
The  tripod  lefgn  are  of  bar  iron.    Their  length  is  adjustable. 
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Art.  36.  The  b»nd  rock-drtlliniT  mRcbine  of  the  Pieree  Well 
EJLe»¥»t«r  CO9  New  York, aud  Loug  IslauU  City,  M  Y,  iu  a  prcusdiun  driJl.  It  U 
worked  by  a  crank  which  turus  a  disc  about  2  ft  in  dium.  The  disc  has  a  semi-circuUr 
slot,  in  which  works  the  arm  which  raises  the  drill-rod.  Tlii8arni,in  rising, com pnis^es 
a  cuil'Spring,  which,  on  the  down  stroke,  drives  the  drill  against  the  rock.  An  iruu 
ball,  weighing  30  Ibe  or  more,  is  furnished  with  each  machine.  This  ball  may  be 
screwed  to  the  top  of  the  drill-rod,  for  giving  greater  force  to  the  blows  of  the  drill. 
The  ball  may  be  used  without  the  spring,  by  disengaging  the  latter. 

The  drill  makes  about  4U  strokes  of  10  or  12  ins  per  minute ;  and  bores  boles  finom 
%  to  2^  ins  dinm.  It  can  be  arranged  to  drill  to  depths  of  30  ft  and  over.  For 
sliarpening  the  bits,  it  has  an  emery  wheel  attached,  which  is  tui-ned  by  the  crank. 
The  latter,  at  such  times,  is  thrown  out  of  gear  with  the  disc 

The  drill  is  mounted  on  a  rectangular  two-legged  frame,  about  5  ft  high 
by  2  ft  wide,  made  of  iron  tubes.  To  the  top  of  this  frame  a  third  leg  is  attached, 
by  adjusting  which  the  angle  of  the  drill-rod  with  the  vert  may  be  changed.  Like 
other  percussion  drills  worked  by  hand-power,  this  one  ceases  to  work  to  adrantage 
when  said  angle  exceeds  about  45^.  These  drills  eost,  ready  for  work,  iu  18^ 
$225  each.  They  welirli  ft*om  200  to  400  llis.  They  are  moved  from  place  to  place 
like  a  wheelbarrow,  the  disc  serving  as  a  wheel. 

Art.  37.  Cbanmellns  consists  iu  making  long,  deep,  and  narrow  cats  in 
the  rock.  In  this  way  large  blocks  can  be  gotten  out  without  blasting  and  the  con- 
sequent danger  of  fracture.  This  is  ordinarily  done  by  boring  a  row  of  holes  about 
an  inch  apart  in  the  clear,  and  then  breaking  down  the  intermediate  spaces  by 
means  of  a  blunt  tool,  called  a  broach.  This  is  called  broach  cbamnellnc:. 
For  this  purpose  a  steam  drilling  machine  is  mounted  ui>ou  a  hor  bar  resting  upon 
two  pairs  of  legs.  The  hor  bar  Is  placed  over  the  intended  row  of  holes,  aud  tlie 
drill  is  slid  along  upon  it  from  one  hole  to  the  next.  la  using  the  broaclt^  the  rotat- 
ing apparatuii  is  thrown  out  of  gear,  so  that  the  edge  of  the  broach  maintains  its 
position  in  line  with  the  row  of  holes. 

Art.  38.  The  Sauu«ler9  patent  ehannellnfc  machine,  of  the 
Ingersoll  Go,  consists  of  a  rock-drilling  machine,  having,  in  place  of  the  usual  drill- 
ing-bit, a  gang  of  tools  consisting  of  a  number  of  chisels,  clamped  together  side  by 
side,  and  thus  forming  a  cutting  tool  about  7  ins  long  by  ^  inch  wide.  This  tou 
has  as  many  cutting-edges  (each  as  long  as  the  tool  is  wide)  as  there  are  chisels. 
The  machiue  is  supported  upon  a  carriage,  nioring  on  a  track  parallel  with  the 
channel  to  be  cut.  The  tool  is  of  course  not  rotated;  but  the  rifle-bar,  A,  Fig 4,  is 
employed  to  move  the  caiTiage  along  the  track  about  an  inch  after  each  blow.  The 
carriage  remains  stationary  while  a  blow  is  being  struck.  Under  favorable  circum- 
stances this  machine  baa  cut  trom  80  to  100  sq  ft  of  channel  per  day  of  ten 
hours.  Its  weigrbt,  including  carriage,  is  about  5000  lbs.  <;ost>,1888«  about  $2300. 

A  valve  is  provided,  by  which,  if  desired,  the  steam  may  be  Shnt  off  from 
the  piston  on  the  down  stroke,  so  that  said  stroke  may  be  made  with  only  the  weight 
of  the  piston,  rod,  and  drill. 

Art.  39.  The  Ingersoll  Go  have  a  special  appliance,  designed  by  Mr.  W.  L. 
Ssmnders,  C  E,  for  drilling  and  blastlniir  rocks  under  water,  ereu 
when  they  are  covered  by  a  considerable  depth  of  mud. 

Art.  40.  Air  compressors  for  rock-drills,  as  made  and  used  in  this  conn- 
try,  are  mostly  hor,  direct-acting  engines.  That  is,  the  axes  of  the  steam-  and  air- 
cylinders  are  hor;  and  the  piston-rod  passes  directly  from  the  steam-cylinder  into 
the  air-cylinder.  A  fly-wheel  is  attached,  by  a  crank  and  connecting-rod,  to  the 
piston-rod.  Sometimes  the  steam-engine  is  separate  from  the  compressor,  and  tke 
power  is  conveyed  to  the  latter  by  belts  or  gearing;  or  water-power  may  be  used  in 
the  same  way.  The  air  is  forced  into  a  receiver,  which  is  generally  a  plate^ron 
cylinder,  3  or  4  ft  in  diam,  and  5  to  12  ft  long. 

If  the  air-  or  pumping-cylinder  of  the  compressor  is  so  arranged  as  to  take  in  air 
on  one  stroke  only,  and  force  it  oat  into  the  receiver  upon  the  return  stroke,  it  is 
**sin|ple-actin|r.'*  If,  at  each  stroke,  it  both  takes  in  and  forces  out  air,  it  is 
^  double-acting:."  If  the  compressor  has  only  one  air-cylinder,  it  is  ^sia* 
ICle.**  If  it  has  two,  and  thus  practically  consists  of  two  single  compressors,  it  is 
**duplex.»» 

The  valves  may  be  either  **  poppet**  valves,  held  in  place  by  springs,  and 
operated  by  the  pressure  of  the  air  itself;  or  slide  valves,  operated  by  eccentrics 
and  rods,  as  in  8t«am-engiues. 

The  compression  of  the  air  develops  beat.  This  is  removed  either  by  causing 
cold  water  to  circulate  through  the  air-piston,  and  through  jackets  surrounding  the 
air-cyliiMler;  or  by  injecting  it  into  the  air-cylinder  iu  the  form  of  ^ray.  Or  both 
metho4ls  may  be  used  together. 

Art.  41.  Compressors  are  famished  by  the  Ingersoll  Rock-Drill 
*3o.  10  Park  Place,  New  York;  Rand  Drill  Go,  23  Park  Place,  New  York;  Burteigh 
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IU>ck-l>nll  Co.,  115  LIlKjity  St,  New  York;  Graydon  A  Donton  Manafactarinff  Co., 
16  UorilHudt  St.,  New  York;  Clay  too  Air- Compressor  Work-,  office,  43  bey  St..  New 
York,  aod  others.  »         -7  ^      * 

The  following  partial  list  of  Clayton  compressors,  compiled  from  data 
given  by  the  makers,  shows  the  dlmenslonfi  and  performauee  of  each. 
We  give  also  a  list  of  their  reeeiTers.    For  prices,  apply  to  the  Co  as  above. 

CXJkTTOlV  DOUBIJE-ACT19ICI  AIR-COHIPRESSORS.  Partial  List. 


I>nplex  DlreetoictiMS*  CAmprefMors. 

Diam  of  steam-cylinders ins. 

**     air  "         ins. 

Length  of  stroke ins. 

Mumbar  of  reTolutions  per  minute 

Cub  ft  of  free  air  compressed  per  minute » Actual. 

Approximate  wt  of  compressor lbs. 

Approx  number  of  rock-drills'  with  3-inch  cyls  sup- 
plied with  air  at  60 19  80  lbs  per  sq  inch..... 

SloKTle  Dlreet-aotiiiip*  Compressors. 

Diam  of  steam-cylinder ins. 

"     air  "        ins. 

Length  of  stroke ins. 

Number  of  revolutions  per  minute 

Cub  ft  of  free  air  compressed  per  minute... Actual. 

Approx  wt  of  compressor 

Approx  number  of  rock-drills   with  3-inch  cyls  sup- 
plied with  air  at  60  to  80  lbs  per  sq  inch 


Number,  designating  the  sixe 
of  the  maehine. 


8 
8 
12 

'S 

140 
36 

3000 


1 

1; 


12 
(120 

(140 
68 
1650 


^H 


10 
10 
13 
100 
to 
130 
210 
7000 


10 
10 
13 
100 
to 
130 
105 


14 

14 

16 
100 

to 
120 
438 
16000 


14 

14 

16 
100 

to 
120 
219 
8260 


18 
18 
24 
80 
to 
90 
900 
25000 

18 


18 
18 
24 
80 
to 
90 
460 
13760 


•  The  price  of  a  oomprenaor  alone,  to  be  woriced  by  a  separate  steam-engine  or  water>power,  is  of 
eoorse  less  than  that  of  the  above  oompressor  and  engine  oombined. 


Diameter 
inches. 

I^ength, 
Feet. 

weight,  lbs. 

Diameter, 
Inches. 

Length, 
Feet. 

ApproximaU 
weight,  lbs. 

38 
30 
36 
40 

5 
7 
8 
6 

700 
890 
1660 
1600 

40 
40 
40 
40 

8 
10 
11 

12 

1676 
1900 
2000 
2100 

The  Air-Receivers  have  brass-face  pressure-gauge,  glass  water-gaupe,  safety-valve, 
blow-off  valve,  try-cocks,  flanges  and  connections  to  automatic  feed  on  compressor. 
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EXPLOSIVES. 


•iriie  explosive  force  of  powder  U  about  40000  lbs.  or  18  tons,  per  Fqnare 
Inch.  Its  weifi^ht  averages  about  the  same  as  that  ot  water,  or  623^  lbs  f)er 
cuhfc  foot;  hence,  1  B)  =  about  28  cubic  inches.  In  ordinary  quarryinpj,  a  cubic 
yard  of  solid  rook  in  place,  (or  about  1.9  cubic  yards  piled  up  after* being  qnar- 
ried,)  requires  from  ^  to  ^  lb.  In  very  refractory  rock,  lyinj?  badly  for  quarry- 
ing, a  solid  yard  may  require  from  1  ta2  fbs.  In  some  of  the  inoet  successful 
irrHt  blasts  for  stone  for  Che  Holyhead  Br(^ak water,  Wales  (where  serenl 
Tftousanrts  of  lbs  of  powder  were  usually  exploded  by  electricity  at  a  single 
blast.)  from  2  to  4  cubic  yards  solid  were  loosened  per  lb ;  but  in  many  instances 
not  more  than  1  to  lU  yards.  Tunnels  and  shafts  require  2  to  6  lbs  per  solid 
yard ;  usually  3  to  5  Ids.  Soft,  partially  decomposed  rock  frequently  requires 
more  than  harder  ones.    Usually  sold  in  kegs  of  25  lbs.* 

Welgrbt  of  fiowclei'  in  one  toot  de|it1i  of  hole. 


) 


Diameter  of  liole 

lin 

1*4  ins 

IMins 

2  ins 

2Hlne 

Sins 

Direlisht  of  powder 
avolrdapoU 

OlbSoz 

OlbSox 

Olblloi 

llb4095 

21b 

21b13oi 

Diameter  of  liole 

3Mm 

4ins 

4>^fn« 

Sins 

••ij^ins 

6  ins 

l¥elffl&t  of  Pow«er 
MTOIirdupols 

3lb14o2 

6ft>Ooz 

«Ib06Z 

7Ib14ois 

m8oc 

111b  60S 

•  PMcCy  1888,  in  Atlantic  cities, 

"A*'  powder  (Saltpetre) ;...42.60  per  keg  of  25  lbs. 

•'B»' powder  (Soda). 2.00      ♦«     «       - 


y  Google 


Jf01>ERN    KX PLOSIVES.  661 

MODERN  EXPLOSIVES. 


Art.  1.  Most  of  tlie  explosiveik^  which,  of  late  years,  have  been  taking 
the  place  of  gnnpowder  (p  660),  conslMt  Of  a  powJered  snbstaace,  partly  SHtumted 
with  nitro-glycerine,a  flurd  prudoced  by  oiixiug  glycerine  with  nitric  and  sulphuric 
acids. 

Art.  2.  Pure  nltro-srlycerlne,  at  60°  Fah,  has  a  sp  grav  of  1.6.  It  is  odor- 
less, nearly  or  quite  colorless,  and  has  a  sweetish,  burning  tiiste.  It  is  poisonous, 
even  in  very  small  quantities.  Handling  it  is  apt  to  cause  headaches.  It  is  insoluble 
in  water.  At  about  306°  Fah  it  takes  Are,  and,  if  unconfiiied,  burns  harmlessly, 
unless  it  is  in  such  quantity  that  a  part  of  it,  l>efore  coming  in  contact  witli  air,  be- 
comes heated  to  the  exploding  point,  which  is  about  380°  Fab. 

N-O,  and  the  powders  containing  it,  are  always  exploded  by  means  of 
sharp  percussion.  See  Arts  86,  Ac.  After  N-6  is  made,  great  csire  is  required  to 
wsish  it  completely  from  the  snrplas  acidS  remaining^  iu  it  from  the 
process  of  manufacture.  Their  presence,  either  iu  the  liquid  N-G,  or  in  the  powderv 
containing  it,  renders  the  N-^  liable  to  spontaneous  decomposition,  M'hiub,  by  rait- 
ing the  temperature,  inci-eases  the  danger  of  explosion. 

Art.  3.  If -O  fk'eeces  at  about  45°  Fah.  It  is  then  very  difllcnit  of  ex- 
plosion, and  must  be  thAvred  gradually,  om  by  leaving  it  for  a  sniUcieut  length 
of  time  in  a  comfortably  warm  room,  or  by  placing  the  vessel  containing  it  in  a  sec- 
ond vessel  containing  hot  water,  not  over  100°  Fah;  but  never  by  exposing  it  to 
intense  heat,  as  iu  placing  it  before  a  fire,  or  setting  it  on  a  stove  or  boiler.  Extm 
strong  caps  are  made  for  explo<ling  N-G  and  its  powders  when  frozen. 

Art.  4.  N-G,  owing  to  its  incompressibility,  is  liable  to  explosion 
tbronsh  accidental  percussion.  This,  and  its  liability  to  ieaii- 
Hge^  render  it  inconvenient  to  transport  and  handle.  Heuce  it  is  rarely  used  in 
the  liquid  state  in  ordinal^  qimrrying  and  other  blasting.  In  the  oil  regions  of 
F'enna,  it  is  largely  used  in  oil  wells,  in  order  to  increase  the  flow.  For  this 
purpose  it  is  confined  in  cylindrical  tin  casings,  frdm  1  to  5  inches  diani,  called  tor- 
pedo-shells. These  are  suspended  from,  and  lowered  into  the  well  by  means  of,  a 
cord  or  wire  wound  on  a  reel;  and  are  destroyed  when  the  charge  is  exploded. 
They  are  about  1  inch  less  in  diam  than  the  well,  and  contain  usually  from  one  to 
twenty  quarts  =  3  lbs,  b%  o/  to  66  lbs,  6>^  oz  of  N-G.  They  are  pointed  at  their 
lower  ends,  in  order  to  mcilitate  their  passage  through  the  oil  or  water  which  may 
be  in  the  well.  When  a  greater  charge  than  about  66^  fiwis  required,  two  or  more 
of  these  shells  are  placed  in  the  well,  one  on  top  of  another,  the  conical  point  on 
the  lower  end  of  each  one  fitting  into  the  top  of  the  one  next  below.  In  this  case, 
the  N-Q  is  fired  by  means  of  a  cap  or  series  of  caps  placed  in  the  top  of  the  charge 
before  it  is  lowered.  When  the  charge  is  in  place,  the  caps  are  exploded  by  elec- 
tricity led  to  them  by  conducting  wires,  as  in  Art  37,  or  (as  in  the  method  more 
commonly  practised)  by  lettijig  a  weight  fall  on  them. 

When  a  well  has  been  repeatedly  torpedoed,  and  a  cavity  has  thus  been  formed  in 
it  so  large  that  the  space  siirrounding  a  torpedo  would  interfere  too  greatly  with 
the  effect  of  the  explosion  of  the  N-G  on  the  walls  of  the  well,  the  latter  is  placed 
directly  in  the  well,  by  lowering  a  tin  cylinder,  filled  with  it,  and  provided  with  an 
Automatic  arrangement  which  allows  the  N-G  to  esca^M)  when  at  the  bottom  of  the 
well.  The  N-G  is  then  fired  by  a  torpedo  suspended  on  a  line,  and  having  caps 
))laced  in  its  top.  These  caps  are  exploded  by  a  leaden  or  iron  weight  sliding  down 
the  line,  or  by  electricity.  When  the  rock  is  seamy,  the  N-G  is  confined  in  short 
cylindrical  thi  shells,  lowered  into  the  cavity,  and  fired  by  a  torpedo.  N-G  and  tor- 
pedoes of  N-G,  and  of  "  Atlas  "  and  "  Hercules  "  powders,  are  furnished  by  The  Tor- 
pedo Co  of  Delaware,  office  Warreii,  Pa.  Price  of  N-G,  1888  about  75  cts  per  lb. 
It  is"  also  used  for  increasing  the  fiow  of  springs  of  water.  It  of  course  cannot  be  used 
in  bor  or  upward  holes,  such  as  often  occur  in  tunneling,  &c. 

Art.  5.     N-G  explodes  so  suddenly  that  Tery  little  tampiufp  is  re« 

alii  red.  Moist  sand  or  earth,  or  even  water,  is  sufficient.  This,  with  the  fact 
I'at  N-G  is  uuaffecteil  by  immersion  in  water,  and  is  heavier  than  water,  render  it 
particularly  suitable*  for  snb-aqueous  work,  or  for  holes  cimtaining 
water,  provided  the  rock  has  no  seams  which  would  permit  the  N-G  to  escape.  If 
tlie  rock  is  seamy,  the  N-G  must  be  confined  in  a  water-tight  casing.  Such 
ca.'<ings,  however,  necessarily  leave  some  spaces  between  the  rock  and  the  explosive, 
and  these  diminish  considerably  the  effect  of  the  latter. 

Art.  6.  The  great  expl<Mive  force  of  N-G  is  due  partly  to  the  very 
Urge  volume  of  gas  into  which  a  small  quantity  of  it  is  converted  by  explosion,  an^ 
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partly  to  the  siidtUttness  with  which  this  convertion  takes  place,  the  gases  being 
libemted  almost  instautaiieoiwly,*  while  with  vrunp<iwilcr  their  lilieratiou  requires 
a  longer  time.  The  suddeuiiess  of  the  explosion  increases  its  effect,  not  only  by- 
applying  all  of  its  force  prnctically  jit  out*  instant,  but  also \)y  greatly  A«a/»w^  tbe 
gti'iea  produced,  and  thus  still  further  iucreaxin^  tlieir  vohone. 

Art.  7.  Th**  liquid  condition  of  N-Q  i^  useful  in  causing  it  to  fill  the  <lrlll« 
hole  completely,  so  that  there  are  no  vacant  spaces  Jn  it  to  waste  the  force 
of  the  explosion.  On  the  other  hand,  the  liquid  form  is  a  disadvantjige,  hecsiuse, 
when  thus  used  without  a  containing  vt^ssel  in  seamy  rt»ck,  portions  of  the  N-G  leak 
away  and  remain  unexploded  and  unsuspected,  and  may  cause  accidental  explutiion 
at  a  future  time. 

Art.  8.  N-O  is  stored  in  tin  cans  or  eartlien ware  Jars.  If 
properly  washed  from  acid  it  does  not  injure  tin.  For  transportation,  these  cans  <»r 
jars  are  packed  in  boxes  with  sawdust,  or  in  padded  boxes,  and  loaded  in  wt-gon*. 
The  R  R  companies  do  not  receive  it. 

Art.  9.  When  N-G  and  its  compounds  are  completely  exploded,  the  grases 
irlven  oat  are  not  troublesome,  but  those  resulting  from  incomplete  expltMsiun, 
such  as  generally  takes  place,  or  from  combustion,  are  very  offensive. 

Art.  10.  For  convenience,  we  apply  the  name  ^^ dynamite"  to  any  cxph>- 
live  which  contains  nitro-glycerine  mixed  with  a  granular  absorbent ;  *^  true 
dynamite**  to  those  in  which  the  absorbent  of  the  N-G  is  "Kieselguhr/'f  or 
some  other  inert  powder  which  takes  no  {mrt  in  the  explosion;  and  ^* false 
dynamite**  to  those  in  which  the  absorbent  itself  contains  explosive  substances 
Other  than  N-G. 

Art.  11.  The  absorbent,  by  its  granular  and  compressible  condition, 
acts  as  a  cushion  to  the  N-Gy  and  protects  it  from  percussion,  and  fi-i*m 
the  consequent  danger  of  accidental  explosion. 

N-G  undergoes  no  change  in  composition  by  being  absorbed ;  and  it  then  freezes, 
burns,  explodes,  Ac,  nuder  the  same  conditions  as  to  pressure,  temperature,  Ac,  as 
when  in  the  liquid  form.  The  cushioning  effect  of  the  absorbent  merely  renders  it 
more  difficult  to  bring  about  sufficient  percussive  pressure  to  cause  explosion.  The 
absorption  of  the  N-Q  in  dyn  enables  the  latter  to  be  used  in  hor  holvs,  or  in  holes 
drilled  upward. 

Art.  12.  N-G  and  dyn  explode  much  more  readilv-  when  rlicldiy 
confint^,  as  by  a  metallic  vessel,  or  by  the  walls  of  a  hole  drilled  in  rock,  thau 
when  confined  by  &  yielding  substance,  as  wood.  Therefoi-e  the  fact  that  dyn,  not 
being  liquid,  can  be  packed  in  wooden  boxes,  renders  it  safer  than  N-0  which  bus  to 
be  kept  in  stone  or  metal  vessels. 

Art.  13.  Trne  dynamites  mast  contain  at  least  about  50  per 
cent  of  N-G.  Otherwise  the  latter  will  lie  too  completely  cushioned  by  the  absorbent, 
and  the  powder  will  l»e  too  difficult  to  explode.  False  dynamites,  on  the  contmry, 
niaiy  contain  as  small  a  percentage  of  N-G  as  may  be  desired;  some  containing  as 
little  as  15  percent.  The  added  explosive  substances  in  the  false  dynamites  generally 
contain  large  qnantitiee  of  oxygen,  which  are  liberated  upon  explosion,  and  aid  iu 
effecting  the  complete  combustion  of  any  noxious  gases  arising  from  the  N-G. 

Art.  14.  Dynamites  which  contiUn  larsre  percentages  of 
Bf-O  explode  (like  the  liquid  N-G.  Art  6)  with  great  sudt^nness,  tending  to  fhottft 
the  rock  in  their  vicinity  into  small  fragnietits.  They  are  most  useTul  in  verff  hard 
rock.  In  such  rock,  No  1  dynamite,  or  that  containing  75  per  cent  of  NO,  Ih  i 
roughly  estimated  to  have  about  6  times  the  force  of  an  equal  wt 
of  grnnpowder.  I 

For  soft  or  decomposed  rocks,  sand,  and  earth,  the  lower  ffradeN     < 
of  dynamite,  or  those  containing  a  smaller  percentage  of  N-G,  are  more  suitable. 
They  explode  with  less  suddenness,  and  tlieir  tendency  is  rather  to  upheave  Inr^e 
nius'ies  of  rock,  Ac,  than  to  splinter  small  masses  of  it.    They  thus  more  nearly  re- 
semble gunpowder  in  tlieir  action. 

Judgment  must  be  exercised  as  to  the  ffrade  and  quantity  of  explosive 
to  be  used  in  any  given  ease.  Where  it  is  not  objectionalde  to  break  the  rock  into 
small  pieces,  or  where  it  is  desired  to  do  so  for  convenience  of  removal,  the  higher, 
thatt^ring  grades  are  useful.  Wlieie  it  is  desired  to  get  the  rock  out  in  large  masses, 
as  in  quarrying,  the  lower  grades  are  preferable. 

For  very  difficult  work  in  hard  rock,  and  for  submarine  blasting,  the  highest 
grades,  containing  70  to  75  per  cent  of  N-G,  are  used.  A  small  charge  of  these  doeo 
the  same  execution  as  a  larger  charge  of  lower  grade,  and  of  course  does  not  require 

*  Such  sudden  liberation  of  gas  is  called  **  detonation.** 

KiMelguhr  ta  an  eanbj.  nitioiou*  limestone,  eompowd  of  the  fostil  remains  of  sniiin  sbtlti. 
b  Mhell  acts  as  a  minnte  recepuele  for  nltre-glyeerine.  Kteaelgohr  is  foand  to  Hanovsr,  GenMOT, 
*oN«w  Jersey. 
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the  drilling  of  so  Urge  a  hole.    In  submariLe  work  their  uhnvp  explosion  is  not 
deadened  by  the  water. 

For  general  nUlroad  work,  ordinary  tunneling,  mining  of  ores,  Ac,  the  ATer- 
Hge  tfrade.  containing  4u  per  cent  of  N-0,  is  used ;  for  qaArry Ing^,  36  per 
cent;  Tor  bituitinff  stumps,  trees,  piles,  Ac,  30  per  cent;  for  Muul  aud 
eartb,  15  per  cent. 

Art*  15.  Dynamite,  like  N-6,  ean  be  readily  exploded  under 
irater,  provided  it  is  so  immersed  as  not  tu  be  scatia-ed;  but  longp  exposure 
to  water  is  injurious  to  it.  In  the  higher  grades,  the  water,  by  its  greater 
affinity  fur  the  absorbent,  drives  out  the  N-G.  In  the  lower  grades  it  is  apt  to  warii 
away  the  salts  used  us  additional  explosives. 

Art.  16.  In  dyns  containing  a  large  percentage  of  N-G,  the  latter  is  liable 
to  exude  in  liquid  form,  or  to  "  leak,"  especially  in  warm  weather,  and  then  to 
explode  through  accidental  percussion.  The  same  danger  exists,  even  though  the 
percentage  of  N-G  be  small,  if  the  absorbent  has  but  small  absorbing  power,  and  is, 
consequently,  easily  saturated. 

Art.  17.  True  dyn  resembles  moist  brown  sugar.  Its  properties  are 
generally  those  of  the  N-G  contained  in  it.  Thus,  it  takes  fire  at  about  350<^  F,  and 
burns  freely.  It  freezes  at  4b°  F,  and  is  then  difficult  to  explode.  It  is  not  exploded 
by  friction,  or  by  ordinary  percussion,  but  requires,  for  general  purposes,  a  strong 
cap,  or  exploder,  containing  fulminating  powder,  see  Arts  36,  38,  Ac.  It  may,  how- 
ever, be  exploded  by  a  priming  of  gunpowder,  tightly  tamped,  and  fired  by  an  ordi- 
nary  safety-fuse. 
'  Art.  18.  The  cliargre  should  fill  the  cross  section  of  the 
hole  as  completely  as  possible.  If  water  is  not  standing  in  the  hole,  the  cartridge 
should  be  cut  open  before  insertion,  so  that  the  powder  may  escape  ftvm  it  and  fill  the 
hole ;  or  the  powder  may  be  simply  emptied  from  the  cartridge  into  the  hole. 

Art.  19.  For  blastlni^  lee  in  place,  holes  are  cut  in  it,  and  a  number  of  dyn 
cartridges  (one  of  which  must  contain  an  exploding  cap)  are  tied  together  and  low- 
ered from  1  to  5  ft  into  the  water.  They  are  fired  as  soon  as  possible  after  immer- 
sion, to  avoid  the  danger  of  freezing.  £Iectrical  exploders  (Arts  87,  &c^  are  best 
for  sub-aqueous  work. 

Art.  20.  Dyn  is  useful  for  breakings  up  pieces  of  metal,  such  as  old 
cannon,  condemned  machinery,  "salamanders"  (masses  of  liarduned  sing)  in  blast 
furnaces,  &c.  In  cannon,  the  dyn  is  of  course  exploded  in  the  bore.  In  other  pieces, 
small  holes  are  generally  drilled  to  receive  it;  but  plates, even  of  considenible  thick- 
ness, may  be  broken  by  merely  exploding  dyn  upon  their  surface. 

Art.  21.  For  blastlnfc  trees  or  stamps,  one  or  more  cartridges  are 
fired  in  a  hole  bored  in  the  trunk  or  roots,  or  under  the  latter.  This  shatters  both 
trunk  and  roots.  A  tree  may  be  felled  neatly  by  boring  a  number  of 
small  radial  holes  into  it,  at  equal  short  dists  in  a  hor  line  around  its  circumf,  and, 
by  means  of  an  electric  battery  (Arts  37,  Ac),  exploding  simultaneously  a  small 
charge  of  dyn  in  each.  Or  a  single  long  cartridge  may  be  tied  around  the  trunk  of 
a  smaU  tree,  and  fired. 

Art.  22.  Piles  may  be  blasted  in  the  same  way  as  trees ;  or  a  hole  may 
be  bored  for  the  cartridge  in  the  axis  of  the  pile ;  or  the  cartridge  may  be  simply 
tied  to  the  side  of  the  pile  at  any  desired  ht. 

Art.  23.  The  higher  grades  of  dyn,  like  N-G,  require  but  little  tamp^ 
.  ing:.  Use  a  wooden  tampinsr-bar,  never  a  metallic  one,  for  any  explosive.  If 
a  charge  of  dyn  ''hancrs  fire/'  it  is  dangerous  to  attempt  to  remove  it.  Remove 
the  tamping,  all  but  a  mv  ins  in  depth,  on  top  of  which  insert  another  cartridge, 
c«)nt)uning  an  exploder,  and  try  again.  See  electrical  explodere,  Arts  37,  Ac.  Dyn, 
like  N-G,  if  frozen,  must  be  thawed  gradually/,  by  leaving  it  in  aii^arm  i'oom,far 
from  the  fire;  or  by  placing  it  In  a  metallic  vessel,  which  ft  then  placed  in  anothep 
vessel  containing  hot  water.  The  water  should  not  be  hotter  than  can  be  borne  by 
the  hand.  Otherwise  the  N-G  is  liable  to  separate  fh)m  the  absorbent.  The  N-G  in 
dyn  may  freeze  without  cementing  together  the  particles  of  the  absorbent;  in 
which  case  the  powder  of  course  is  still  soft  to  the  touch.  An  overcharg^e  of 
N-G,  or  of  dyn,  is  liable  to  be  burned,  and  thus  wasted,  giving  oflF  offensive  gas^s. 

Art.  24.  Dyn  is  sold  In  cylindrical^  paper-covered  cart«i 
ridi^es,  from  %  to  2  ins  in  diam,  and  6  to  8  ins  long,  or  longer.  They  are  fur- 
nished to  order  of  any  required  size,  and  are  packed  in  boxes  containiug23ft>8  or  50 
S»8  each.    The  layers  of  cartridges  are  separated  by  sawdust. 

Art.  25.  Some  of  the  R  R  companies  decline  to  carry  dyn  or  N-G  in  any 
shape.  Others  carry  dyn  under  certain  restrictions,  based  upon  State  laws:  pro- 
viding that  it  must  be  dry  (t'  «,  that  no  N-G  shall  be  exuding  from  it) ;  that  boxes 
and  cars  containing  it  shall  be  plainly  marked  with  some  cautionary  words,  as  "cx- 
l»loBive,'*  "dangenms,"  Ac;  that  the  cartridges  sh«ll  be  so  packed  in  the  boxes,  and 
the  boxes  so  loaded  in  the  caw,  that  both  shall  lie  upon  their  rides^  and  the  boxes 
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bu  ill  no  dftuger  of  falling  to  the  floor ;  that  caps,  Ac,  shall  not  be  loaded  in  the  same 
car  with  dyu,  Ac,  Ac. 

Art.  2tf.  A  nrreat  niAiiy  ir«rlet.lefli  of  djm  »re  made.  They  differ 
(geueiuilx  but  slightly)  in  the  coinpusition  of  the  absorbent,  and  in  the  method  (^ 
niauuflEicture.  Kach  maker  usually  makes  a  number  of  grades,  containing  different 
percentages  of  NO,  Ac,  and  gives  to  his  powders  souie  rancii'ui  tiauie. 

Art.  27.  The  following  table  of  exploslvt^S  made  by  the  Repanno 
Chemical  Co,  at  Thompson's  Point,  N  J,  office  Wilmington,  Del.  and  known  as  *'  At- 
las "  powders,  gives  the  percentage  of  N-G  in  each,  and  the  approx  eard 
priee  for  1S88.    It  gives  a  general  idea  of  the  range  of  American  dyus. 


Brand. 

of  KG.. 

ouperlb. 

Brand. 

Pereentige 
of  K-O. 

C«ttl|irioe. 

JW»R 
Ota  per  ft. 

A 

B+ 
B 

c+ 
c 

75 
60 
60 
46 
40 

8» 
31 
27 
25 
23 

D+ 

33 

27 

20 

20 

18 
16 

The  absorbents  contains  in  **  A"  brand,  18  per  cent  wood  pulp  and  7  • 
per  cent  carln^nate  of  magnesia;  in  **C"  brand  (the  average  grade),  46  per  cent 
citrate  of  soda  (soda  saltpetre),  11  per  cent  wood  pulp,  and  3  per  cent  carbonate  of 
magnesia;  in  *'E"  brand,  bZ  per  cent  niti-ate  of  soda,  16  per  cent  wood  pulp,  Ac, and 
2  per  cent  carbonate  of  magnesia. 

Art.  28.  **  Miner's  Friend  '•  powder,  made  by  the  Hecla  l»owder  Co, 
office  239  Broadway,  New  York,  contains  nitrate  of  soda,  wood  pulp,  resin,  and  car- 
bounte  of  magnesia.  It  freezes  at  42°,  and  is  then,  like  other  dyn,  difficult  to  ex- 
plode. When  used  under  water,  the  cartridges  should  not  be  broken,  because  the 
powder  is  injured  by  direct  contact  with  water.  Their  **  Heela  "  powder  is  a 
lower  grade.  It  is  in  granulated  form,  like  ordinary  blasting  powder,  but  is  said  to 
b«  much  stronger.    It  is  intended  as  a  substitute  for  it. 

Art.  29.  ^^  Giant"  powder  is  made  by  Atlantic  Dynamite  Co,  office  245 
Broadway,  New  Tork.  No  1  is  dyn  proper,  containing;  75  per  cent  N-G,  and  26  per 
cent  Kieselguhr  obtained  near  their  works  in  New  Jersey.  Their  lowest  grade, 
branded  "  M,"  contains  20  per  cent  N-G.  The  name  " giant  powder  "  was  originally 
applied  to  dynamite  in  general. 

Art.  80.  Other  brands  are  «'  Herenles  "powder,  Hercules  Powder  Co,  40 
Prospect  St,' Cleveland,  0;  and  '' Jndson  RR  P  powder,"  Atlantic  Dyn  Co., 
New  York,  a  substitute  for  ordinary  blasting  powder.  It  is  put  up  in  water- proof 
paper  bags,  of  6)4^  12^,  and  25  lbs  each,  and  these  are  packed  in  wooden  boxes  hold- 
ing 50  lbs  each.  The  same  Co  furnish  also  '^  Judson  F  F  F  dynamite,"  a 
higher  grade,  in  cartridges  of  the  usual  shape,  packed  in  50-lb  boxes. 

Art.  31.  **  Rackaroek  "  cartridges,  furnished  by  Bendrock  Powder  Co,  23 
Park  Place,  New  York,  are  said  toc<»itain  no  NO,  and  to  be  entirely  inexplosivu 
until  immersed,  for  a  few  seconds,  in  an  inexplosive  liquid  furnished  by  the  same 
Co.  They  are  then  allowed  to  stand  for  15  miuH,  after  which  they  may  be  used  at 
anytime.  Tliey  are  fired  in  the  same  way  as  dyu,  and  can  be  ut>ed  underwater. 
The  mfrs  claim  that  they  "approximate  N-G  in  strength,  and  are  stronger  thiiu 
dyn." 

Art.  32.  The  followingr  explosives  are  made  and  used  in 
Enrope^  but  have  not  yet  been  regularly  imported  into  the  U  8. 

Compressed  g^nn-eottoii^  made  at  Stowmarket,  Kng,  is  cotton  dipped  in 
a  mixture  of  nitric  and  sulphuric  acids,  then  reduced  to  a  fine  pulp,  and  made  into 
discs  1  to  2  ins  thick,  and  >^  to  2  ins  diam,  or  larger.  It  is  generally  used  wet,  for 
the  sake  of  greater  safety.  It  then  requires  extra  strong  caps  or  primers.  Roughly 
speaking,  it  Is  about  as  strong  as  dyn  No  1,  but  is  less  sJtattering  iu  its  effect.  Being 
lighter  than  dyn,  it  requires  larger  holes;  and,  owing  to  its  rigidity,  is  Ie«a  easily 
inserted,  and  does  not  fit  the  hole  so  completely.  When  dry,  it  is  very  inflanuuable, 
but,  if  nut  Confided,  it  burns  harmlessly.  It  contains  no  liquid,  to  freeze  or  to  exude; 
and  is  safe  to  handle. 

Art.  33.  Tonite  consists  of  finely  divided  gun-cotton  mixed  with  nitrate  of 
baryta.  It  is  made  by  the  Cotton  Powder  Co,  Limited,  at  Faverbham,  Rug.  It  is 
compressed  into  candle-slmped  cartridges  having,  at  one  end,  a  recess  lor  the  recep^ 
tioii  of  au  exploder  containing  fulminate  of  mercury.  The  cai'tridges  weigh  aboot 
the  Same  as  dyu.    They  ai-e  generally  uwde  waterproof. 
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Art.  84.  Foreite^  mtbofraetear^  and  Dii»llu  are  furei^n  makes  of 
nitro-gly carina  explosives.  In  Dualin  the  absorbent  is  sawdust.  It  bas  greater 
bulk  than  dyn  tor  a  given  wt,  and  requires  larger  holes. 

Art.  35.  ExploslTe  selatine  is  made  by  the  Nobels  Explosives  Co,  Liiu 
(office  Olasgow,  Scutland),  at  their  several  woi'ks  in  England,  It  is  a  tianspai'ent, 
pale  yellow,  elastic  substance,  and  is  composed  of  90  per  cent  N-G  and  10  per  cent 
gun-cotton.  It  is  less  sensitive  than  dyn  to  percussion,  friction,  or  pressure,  and  is 
not  affected  by  water.  Its  specific  gravity  is  1.6.  It  burns  in  the  open  air.  For 
complete  detonation  a  special  primer  is  required.  The  addition  of  a  small  propoi-^ 
tion  of  camphor  renders  it  still  less  sensitive,  and  increaties  its  explosive  force.  Xhe 
camphor  evaporates  to  some  extent. 

In  some  experiments  on  the  power  of  different  explosives  to  increase  the  contents 
of  a  small  cavity  in  a  leaden  block,  explosive  gelatine  caused  an  increase  50  per  cent 
greater  than  that  caused  by  dyn  No  1.  Jn  hard  rock  the  diff  would  probably  have 
been  greater.    The  increase  was  10  yter  cent  less  thuu  that  caused  by  M-G. 

Art.  36.  The  cap  or  exploder,  used  with  ordinary  safety  fuse  for  ex- 
plo<ling  N-G  and  dyn,  is  a  hollow  copper  cylinder,  about  ^  inch  diani,  and  an  inch 
or  two  in  length.  It  contains  from  15  to  20  per  cent,  or  more,  of  fulminate  of  mer- 
cury, mixed  with  other  ingredienti  into  a  cement,  which  fills  the  closed  end  of  the 
cap.  The  eap  is  called  "single-force,"  ♦•triple-force,"  Ac,  according  to  the  quantity 
of  explosive  it  contains. 

The  end  of  the  fuse,  cut  off  square,  U  in<*erted  Into  the  open  end  of  this  cap,  fiir 
enough  to  touch  the  fulminating  mixture  in  it.  In  doing  this,  care  must  be  taken 
not  to  ^ughly  scratch  tlie  latter.  The  neck  of  the  cap  is  then  pinched,  near  its 
open  end,  to  as  to  hold  the  fuse  securely.  The  cap,  with  the  fuse  thus  attached,  is 
then  inserted  into  the  charge  of  N-G  or  dyn,  care  being  taken  not  to  let  the  fuse 
come  into  contact  with  the  explosive,  vrhich  would  then  be  burned  and  wasted.  If 
a  dyn  cartridge  is  used,  the  fuse,  with  cap,  is  first  inserted  into  it.  The  neck  of  tliu 
cartridge  is  then  tied  around  the  fuse  with  a  string,  and  the  cartridge  is  then  ready 
to  be  placed  in  the  hole  and  fired. 

Art.  37.  Tbe  Siemens  macrneto-electrle  blasting*  appa- 
ratUM.  now  in  general  use,  consists  of  a  wooden  box  about  as  large  as  a  transit- 
box.  Outside  it  has  two  metallic  binding-posts  with  screws,  for  attaching  the  two 
wires  leading  to  the  exploder.  From  the  top  of  the  box  projects  a  handle  at  tho 
end  of  a  vert  bar.  This  bar,  which  is  about  as  long  as  the  box  is  iiigh,  is  made  so 
as  to  slide  up  and  down  in  it,  and  is  toothed,  and' gears  with  a  small  pinion  inside 
the  box.  When  a  blast  is  to  be  fired,  the  liar  is  drawn  up,  by  means  of  tlie  handle, 
as'  far  an  it  will  come.  It  is  then  pressed  quickly  down  to  the  bottom  of  the  box. 
In  itM  descent  it  puts  into  operation,  by  means  of  the  pinion,  a  magneto-electric 
machine  inside  the  box.  This  generates  a  current  of  electricity,  which  increases  in 
foi  ce  with  the  downward  motion  of  the  bar,  but  which  is  confined  to  a  short  circuit 
of  wire  within  the  box,  until  the  foot  of  the  bar  strikes  a  spring  near  tlie  Itottom  of 
tho  box,  breaking  the  short  circuit  and  forcing  the  electricity  to  travel  through  the 
two  longer  "  leading  wires,"  which  lead  it  from  the  two  binding-posts  on  the  outside 
of  the  box  to  the  cap  or  exploder  placed  in  the  charge. 

Art.  38.  Tlie  cap  used  with  this  machine  is  similar  to  that  used  with  safety 
fuse  (Art  36),  except  that  its  mouth  is  closed  with  a  cork  of  sulphur  cement,  through 
which  pass  the  two  wires  leading  from  the  electric  machine.  The  ends  of  these 
wires  project  into  the  fulminating  mixture  in  the  cap.  They  are  ^  inch  apart,  but 
are  counected  bj  a  platinum  wire,  which  is  so  fine  as  to  bo  heated  to  redness  by  the 
earreut  from  the  battery.  Its  heat  ignites  the  fulminate  and  thus  explodes  the  cap. 
*  These  exploders,  called  platinnm  eaps,  or  (improperly)  platinum  f%m»,  eost, 
1888,  nbont  5  to  11  cts  each,  depending  upon  the  length  (from  4  to  16  ft;  of  the  two 
cotton-covered  wires  attached  to  them.  With  gutta-percha-covered  wires,  20  to  40 
cts.  The  outer  end  of  each  of  these  short  wires  is  connected  with  the  electrical  ma- 
chine by  a  cotton-covered  *^  leading  wire  "  costing  1  cent  per  ft. 

Art.  80.  Wiiere  a  nmmber  of  boles  are  to  be  fired  simul* 
taneouKly  (thus  increasing  their  effect),  each  hole  has  a  platinnm  cap  inserted 
into  its  charge,  and  one  of  the  short  wires  attached  to  each  cap  is  Joined  to  one  of 
those  of  the  next  cap,  so  that  at  each  end  of  the  series  of  caps  there  is  one  free  end 
of  a  short  wire.  Each  of  these  two  ends  is  fastened  to  the  end  of  one  of  the  leading 
wires,  placing  the  whole  series  '*  in  one  circuit."  Where  tlie  holes  are  too  far  apart 
for  the  caps  to  be  thus  Joined  by  the  short  wires  attached  to  them,  the  ends  of  the 
latter  are  connected  by  cuttuu-covered  ^*  eouuectlugf  Wires,**  costing  about 
auctaperjKWNtf. 
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Art.  4II*  The  magDet(v«leetrfcaI  macliiiie  weilclM  abont  16  lbs,  and 
eosits*  1888,  siee  No  3,  $25.  It  can  fire  aboat  12  cape  at  once.  A  larger  size.  No  4, 
costs  $oO;  and  a  still  larger  one,  said  to  be  capable  of  firing  oyer  50  holes  at  once, 
$100. 

Frietlonal  electric  blasting*  maelilnes,  costing  abont  $75  each,  are 
now  (1884)  nearly  obsolete. 

Caps  for  ordinarj  fuse  and  for  electrical  firing,  foses,  wires,  electrical  machines, 
AC,  are  made  by  Laflin  &  Rand  Powder  Co,  29  Murray  St,  New  York,  and  are  sold  by 
most  of  the  makers  of,  and  dealers  in,  explosives,  rock-drilling  machines,  &c. 

Art.  41.    Simultaneous  firing  of  a  number  of  holes  can  be  conrenleutly  accom- 

glished  only  by  electricity.     Electric  blasting  apparatus  is  specially  useful  for 
lasting  nnder  water,  where  ordinary  fuses  are  apt,  especially  at  great  depths,  to 
become  saturated  and  useless. 

If  an  electrical  machine  fails  to  fire  a  charge,  it  is  known  that  the  charge  cannot 
explode  until  the  attempt  is  repeated.  Therefore  no  time  need  be  lost,  and  no  risks 
run,  on  account  of  **  hanging  fire.'* 
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(Tost  of  qnarryini:  stone.  After  fhe  preliminary  expensee  of  pOTcfaaelng 
the  site  of  a  good  quarry;  cleaning  off  the  surface  earth  and  disintegrated  top  rock ; 
and  providing  the  necessary  tools,  truclu,  cranes,  Ac ;  the  total  neat  expenses  for 
getting  out  the  rough  stone  for  masonry,  per  cub  yard,  ready  for  delivery,  may  be 
roughly  approximated  thus:  Stones  of  such  sizes  as  two  men  can  readily  lift,  meas- 
ured in  piUg^  will  cost  about  as  much  as  from  J^  to  ^  the  daily  wages  of  a  quarry 
laborer.  Large  stones,  ranging  from  ^  to  1  cub  yd  each,  got  out  by  blasting,  from 
1  to  2  daily  wages  per  cub  yd.  Large  stonei,  ranging  from  1  to  1^  cub  yds  each,  in 
which  most  of  the  work  must  be  done  by  wedges,  in  order  that  the  individual  stones 
■hall  come  out  in  tolerably  regular  shape,  and  conform  to  stipulated  dimensions ; 
fr«»m  2  to  4  daily  wages  per  cub  yard.  The  smaller  prices  are  low  for  sandstone, 
while  the  higher  ones  are  high  for  granite.  Under  ordinary  circumstances,  about 
1^  cub  yds  of  good  sandstone  can  be  quarried  at  the  same  cost  as  1  of  granite ;  or, 
in  other  words^  calling  the  cost  of  granite  1,  that  of  sandstone  will  be  ^;  so  that 
the  means  of  the  foregoing  limits  may  be  regarded  as  rather  full  prices  for  sandstone ; 
rather  scant  ones  for  granite :  and  about  fair  for  limestone  or  marble. 

Cost  of  dressinir  stone.  In  the  first  place,  a  liberal  allowance  should  be 
made  for  wast<^.  Kven  when  the  stone  wedges  out  handsomely  on  all  sides  from 
the  quarry,  in  large  blocks  of  nearly  the  required  shape  and  size,  from  3^  to  ^  of 
tue  rough  block  will  generally  not  rabre  than  cover  waste  when  well  dressed.  In 
moderate-sized  blocks,  (say  averaging  about  }/^  a  cub  yard  each^)  and  got  out  by 
blasting,  from  K  to  ^  will  not  be  too  much  for  stone  of  medium  oharacter  as  to 


straight  splitting.  About  the  last  allowance  should  also  be  made  for  well-scubbled 
rubble.  The  smaller  the  stoues,  the  greater  must  be  the  allowance  for  waste  in 
dressing.  In  large  operations,  it  becomes  expedient  to  have  the  stones  dressed,  as 
far  as  possible,  at  the  quarry ;  in  order  to  diminish  the  cost  of  transportation,  which, 
when  the  distance  is  great,  constitutes  an  important  item — especially  when  by  laud, 
and  on  common  roads. 

A  Stoneeutter  wUI  first  take  ont  of  wiod;  and  tbeo  fairly  pateni-bammer  dress,  about  B 
to  10  Kq  ft  of  plain  face  in  hard  granite,  in  a  day  of  8  worlting  hours;  or  twice  as  much  of  such  infe- 
rior dressing  as  is  naaally  bestowed  on  the  beds  and  Joints ;  and  generally  on  the  faces  also  of  bridge 
masonry,  ke,  when  a  very  floe  finish  is  not  required.  In  good  sandstone,  or  marble,  he  can  do  about 
)4  more  than  in  granite.    Of  finest  hammer  Unitth,  granite,  4  to  &  sq  ft. 

Cost  of  maMOury.  Every  item  composing  the  total  cost  is  liable  to  much 
variation ;  therefore,  we  can  merely  give  an  example  to  show  the  general  principle 
upon  which  an  approximate  estimate  may  be  made;  assuming  the  wf^igeu  or  n 
laborer  to  be  $2.00  per  day  of  8  working  hours ;  and  93.S0  for  a  mason.  The 
nM»nopoljr  of  quarries  affects  prices  very  much.* 

Cost  of  asliliar  fnttinK  masonry.  Average  size  of  the  stones,  say  5  ft 
long,  2  ft  wide,  and  1.4  thick ;  or  two  such  stones  to  a  cub  yd.  Then,  supposing  the 
atone  to  be  granite  or  gneiss,  the  cost  per  cub  yd  of  masonry  at  sncb  wa||:es 

will  be«     Getting  oat  the  stone  from  the  quarry  hy  blasting,  allowing  ^  for  waste  in 

dressing;  1)<  cub  yds,  at  $3.00  per  yard $400 

Dressing  U  sq  ft  of  faceat85cu> 4.90 

••       5i     "       beds  and  Joints,  at  18  eu 9.38 

Neatoostof  the  dressed  stone  at  the  quarry 18.26 

Banlijig,  say  1  mile;  loading  and  unloading.. .^ , 1.20 

Mortar,  say 40 

Laying,  Including  scafToId,  hoisting  machinery,  superintendence,  ko S.0O 

Neat  cost 21.86 

Profit  to  contractor,  say  lo  per  ct 3.28 

Total  cost 25.14 

Dressing  will  cost  more  if  the  faces  are  to  be  rounded,  or  moulded.  If  the  stones  kre  smaller  than 
we  have  assumed,  there  will  be  more  sq  ft  per  cub  yd  to  be  dressed.  &c. 

If  in  the  foregoing  case,  the  atone*  IM  ier/ecUf  well  dressed  ou  allaideti,  tndadtng  the  %aok;  the 
eost  per  cvb  yd  wonld  be  inoreasod  about  $10;  anid  if  some  of  the  sides  be  curved,  as  In  arch  stones, 
say  $12  or  $14;  and  if  the  bloclts  be  carefully  wedged  out  to  glTen  dimensions,  $16  or  $18;'  thus 
making  the  neat  cost  of  the  dressed  stone  at  the  quarry  say  $28,  $31,  or  $35  per  cub  jd. 

•  The  bhMsks  of  granite  fbr  Bunker  BUU  ■■•nnnieBt  averaging  2  cub  yds  each,  were 
qnarried  by  wedging,  and  delivered  ai  the  site  of  the  muuument,  at  a  neat  actual  cost  of  $5.40 
per  cob  vd :  by  the  Mooament  Aaaoeiation ;  from  aquarry  opened  by  themselves  for  the  purpose.  The 
£isoctatlon  received  no  profit ;  their  services  being  volunury.  The  average  oontract  offers  for  the 
same,  were  $24.30 1  The  actual  on.<>t  of  getUng  out  the  rough  block*  at  the  quarry  was  $2.70.  Load- 
ing upon  trucks  at  quarry,  about  15  cts.  Transportation  8  miles  by  railway  and  common  road,  $2.66. 
T«>tairi5>M>    ^  1^^  ^  ^^^ '  oo°>°>OB  unskilled  labor  averaging  $1  per  day. 

In  1988.  Granite  Mocks  about  a  cub  yd  each,  with  dressed  beds  and  joints, 
but  with  ouly  a  2  Inch  draft  around  the  showing-face,  (which  is  Itffi  rough,).are  del'd  on  the  wharf  at 
Fhllada,  from  Port  Deposit,  Md,  by  McClenahan  k  Bros,  at  $16  each. 
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Tbe  Item  of  lajfof  will  be  mucb  tnoreased  If  tb«  ttone  1mm  to  be  rmiaed  to  grMC  h«lght«:  or  if  it  bu 
to  be  muoh  bandied ;  aa  wben  curried  in  msows.  to  b«  deposited  in  water>plera,  tc  Almost  every 
large  woric  preaenta  ceruln  modifjing  peooliarlties,  which  tnii»t  he  left  to  the  Judgment  of  tbeeugi- 
neer  and  oontraotor.  Tbe  peroentage  of  oontractora'  profit  will  uaaallj  be  lesa  on  large  worka  than 
eu  auiall  onea. 

Cost  of  ashlar  flKeinar  miMionry.  ir  the  stone  be  sandstone 

with  good  nataral  beda,  the  getting  oai  mar  be  pnt  at  $3.00  per  onblo  jard.  Face  dressisg  at  26  ets 
per  aq  ft :  say  $8.64  per  cubic  yd.  Beda  and  Jolnta  H  cte  per  sq  ft ;  say  $6.76  per  cab  jd.  The  neat 
coat,  laid,  $17.00. 

And  ttke  total  cost  of  larire  well  seabbled  ranpred 
sandstone  masonry  In  mortar,  nuty  be  taken  at  about  $10  per  cub  yd. 

Cost  of  larfre  seabbled  irranlte  rnbble,  such  as  is  genentllj  used  u 
iMtckiog  for  the  foregoing  aslilar ;  stones  averaging  about  3^  cub  yd  each : 

'      Cost  per 
liabor  at  $1  per  day.  cub  >d  of 

masonry. 
Gettiog  ont  the  stoae  from  the  quarry  by  blasting,  •Uowing  ^  for  waste  ia 

■oabbling:  l^enb  yd8at$8.00 iS.4S 

Hanliogl  mile,  loading  and  unloading * 1.20 

Mortar ;  ('2  cab  ft,  or  1.6  struck  bushels  qnioUime,  either  in  lump  or  ground ; 

and  10  cob  rt.  or  8  struck  bnslieU  of  sand,  or  gravel;  and  mlxiug) 1.50 

SMibbllng ;  layiug,  including  scaffold,  hoisting  machinery,  be 2.50 

Neat  cost 8.6.n 

Profit  to  contraator,  say  ISperot l.ao 

Total  cost 9.9S 

Common  rnbble  of  small  stones,  the  average  size  being  such  as  two 
men  can  handle,  costs,  to  get  it  out  of  the  quarry,  al»out  80  cts  per  yard  of  pile; 
or  to  hIIow  lor  waste,  say  $1.00.  Hauling  1  mile,  $1.00.  It  can  bo  roughly  seabbled, 
and  laid,  for  $1.20  more ;  mortar  as  foregoing,  $1.50.  Total  neat  cost,  $4.70 ;  or,  with 
15  per  ct  profit,  $5.40,  at  the  above  xoaffetfor  hibor, 

Wltllsmallerstones,raeh  as  one  man  can  handle,  we  may  ear.  stone  TOets;  han1iaK$i: 
laying  and  scaffold,  tools  Ac,  $1:  mortar  $1.50  Making  the  neat  cost  $4.20;  or  with  15  per  et  profit,  $i.8S. 
Neat  Mabbled  irregular  range- work  costs  from  $2  to  $3  more  per  yd  than  rubble:  according  to  the  charac- 
ter of  the  utoueAo.  Thelayingof  thin  walla  costs  more  than  that  of  thick  ones,  such  as  abutments  Ac.* 

The  coMt  of  plain  8  inel|  thiek  ashlar  facliigrs  tor  dwellings  Ac  in 

Phllada,  In  188S  l.-*  about  as  roHovrs  per  square  fnot  showing,  put  up,  including  everything.  8an4- 
stoue,  $1.50  to  $2.25.  Pennsylvauia  warble,  $2.60.  New  England  marble,  $2.75  to  ^.25.  Orai^e, 
$i.25  to  $2.75.  ltd  ins  thick,  deduct  one-eighth  part.  FIrSt  eloSS  artlOetal  StOUe 
eonld  be  made  and  put  up  at  one-third  the  prioe.  See  p  Ml.  Nortll  Rl%'er  bluO  Stone 
flaipS,  3  ins  ttilck,  for  footwalk*.  put  down,  ineluding  grarel  &e.  TOeU  per  aq  foot.  BolfflaB 
Street  |>ATement,  with  gravel,  complete,  $3.50  per  sq  yard  in  Eastern  cities. 
When  dressed  ashlar  facing  is  backed  by  rubble,  the  expense  per  cub  yard  of  the 
entire  mass  will  of  course  vary  according  to  the  proportions  of  the  two.  Thus,  if 
ashlar  at  $12  per  yd,  is  backed  by  an  equal  thickness  of  rubble  at  $5,  the  mean  cost 
will  be  ($12  +  $5)  -^  2  =  $8.50;  or  if  the  rubble  is  twice  as  thick  as  the  ashlar  then 
($12  +  $5  +  $5)  H-  3  =  $7.33,  &c.  Sneh  compound  walls  are  weak  and 
apt  to  separate  in  time,  as  also  walls  of  cut  stone  backed  by  concrete,  or  by  brick ; 
f^om  unequal  settlement  of  the  two  parts. 

At  times  the  contractor  must  be  idlowed  extra  in  opening  new  quarries;  in  forminjf 
short  roads  to  his  work ;  in  digging  fonDdations ;  or  for  pumping  or  otherwise  draining  them,  wiit-n 
springs  are  unexpectedly  met  with  ;  for  the  centers  for  arches,  ko;  nnless  these  items  are  expressly 
included  in  the  oontraot  per  cub  yd. 

1  walls  of  wells,  see  p  168. 

ifTS  per  euble  foot,  at  Fhilada  pnrM 

in  18?3 ;  including  every  cub  ft  of  space  from  roof  to  cellar  floor.  Plain  brick  dwellings,  such  as  meat 
of  those  in  Pbilada.  12  to  15  cts.  Better  claan.  higbly  finished  througbout,  15  to  IS  ets.  First  olas*. 
with  cut  atoue  fronts,  20  to  30  cts.  Plain  brick  churches,  public' scbooU.  court-houses,  theaters.  Ae 
12  to  16  ctii.  Ornate  Gothic  churches  with  much  cut  stone  faoiitg,  80  to  45  ots,  exolNaive  of  spires 
Large  plain  brick  or  rubble  R  R  Rhops.  depota.  sUtion-bouHes,  to,  1)  to  12  ots;  or  with  ornameuial 
fiuiAb  and  best  luaterialit,  15  to  20  ctd.  First  class  city  stores,  marble  fronts,  high  etories,  firfr>pireol. 
(so  called.)  throughout  to  roofi  .best  materials  and  workmanship.'  IS  to  26  ets. 

Small  bnilillnsrseost  more  per  enb  ft  than  large  ones  of  the  saoia 

fluUh.    Also  isolated  or  curuer  buildings,  cost  mure  thau  those  which  have  two  party-walls 

In  Philada  dwelllnfi^s  of  brick,  the  carpeutry  uud  luml>er  usnaily  cost 
each  about  one-fourth  of  the  entire  building.    Memorial  Sail  of  the  Oeoten- 

■lal  Buildings  eost  SSots  per  cub  ft.  exdusive  of  iron  dome. 

Zln  *''il'*.'^l!P"***.?°  *®^'  **"*•■  *"<*  o^***""  ''*"»  of  ">"«''  rubble.  $3  to  $4  per  perch  of  itcuhfff 
churchJ:",  i?*.  *5- **'*.''.  *'?"J°K<'''  '*'"''''*"  '■'"»»«  rock-work  of  sandstoue.  (as  commoB  iu  Gothio 
enurcbe*,)  $5  to  S.  per  21  cub  ft.  liioludiiig  everything. 
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Art.  1.  MortHr.  The  proportion  of  1  measure  of  quicklime,  either  in  ir- 
regular lumps,  or  ground,"**  and  5  measures  of  sand,  is  about  the  average  used  for 
common  mortar,  by  good  builders  in  uur  principal  Atlantic  cities;  and  if  both 
materials  are  good,  and  well  mixed  lor  Umpet-rd)  with  clean  water,  the  mortar  is 
certainly  as  good  as  can  be  desired  for  such  ordinary  purpueee  as  require  no  addi- 
tion of  hydraulic  cement.  The  bulk  of  the  mixed  murtai-  will  usually  exceed  that 
uf  the  dry  loose  sand  alone  about  ^  part. 

QtiatiCilv  reqnired.  20  cub  ft,  or  16  struck  bushels  of  sand,  and  4  cub  ft.  oi- 

.t.'iKtruckbiinbeTsorqaicklinie.  themeiisuiessligbtlj  shaken  In  both  cases,  will  luake  Hbt '2VH  cub  ft  of 
iiiiirtar ;  aufficieat  to  laj  lOOD  bricks  of  tbo  ordiuary  average  size  of  8)4  by  4  by  2  ius,  with  tbv  oourso 
mortar  joiuM  udual  in  interior  bouse-walls,  varying  say  from  H  to  >^  iuub.  With  auch  joiuts,  lUOd 
such  bricks  make  2  cubic  yards  of  massive  work.  Nearly  one-third  of  the  mass  is  mortar.  For 
outside  or  showing  joints,  where  a  whiter  and  neater  looking  mortar  is  required,  hou8e.J)uilders  in- 
crease the  proportion  of  lime  to  1  in  4.  or  1  in  S.  For  mortar  of  fine  screened  gravel,  for  cellar-walls 
uf  stone  rubble,  or  coarse  brickwork.  1  measure  of  lime  to  6  or  8  ofgrMvel.  is  usual ;  and  the  mortar 
i»  good.  In  average  rough  massive  rubble,  as  in  the  foregoing  brickwork,  about  one-third  the  mass  is 
m4irtar :  consequently  a  cubic  yard  will  require  about  as  much  as  500  such  bricks ;  or  10  cubic  feei.  (8 
iitrack  biubels)  of  saud ;  aud  2  cub  ft.  or  1.6  bushels  of  quicklime.  Superior,  well-scabbled  rubble, 
earefully  laid,  will  oontaiirbot  about  -^  of  its  btdk  of  mortar ;  or  bH  oub  ft  saud,  and  1.1  cub  ft  lime, 
per  cub  yard. 

For  public  engineering  works,  especially  in  massive  ones,  or  where  exposed  to  dampneaa,  an  addi- 
tion should  be  made  in  either  of  the  foregoing  mortars,  of  a  quantity  of  good  liy«l 
<^eincnt.,  equal  to  about  J^  of  the  lime;  or  still  better,  %  of  the  limp  shotild  Imj 

nniifted.  and  an  equal  measure  of  cement  be  substituted  for  it.  If  exposed  to  water  while 
q«lto  BeW)  use  little  or  no  lime  oiit<<ide. 

With  bricks  of  8*4  by  4  by  2  ins,  the  following  are  the  qnaiidties  of 
tar  an«l  of  brlekai  for  a  cubie  yard  of  massive  work. 

Thickness  Proportion  of  Mortar  No.  <»f  Bricks  No.  of  Brick.i 

of  Joints.  in  the  whole  mass.  per  oub  yard.  per  oub  foul. 


[■Inch  about   ^    „ .68a 23.63 

574 21.26 


I 

•j^ 622  19.83 

ij-    475   17.60 

j^ 433  16.04 


In  estimating  for  bricks  in  massive  work,  allow  2  or  3  per  c(  for  waste : 

and  in  comm«m  bulldiugs.  5  per  ct.  or  more.  Much  of  the  waste  in  incurred  in  cutting  bricks  to  fit 
augles,  ko.  In  Philadelphia  a  barrel  of  lump  lime  is  allowed  for  1000  bricks;  or  for  2  perches  (25  cub 
ft  each)  of  rouch  oellar-wall  rubble.  Somewhat  less  mortar  per  1000  is  contained  in  thin  walls,  tlisu 
iu  ai».-<sive engineering  structures;  becauMe  the  former  have  proportionally  more  outside  face,  which 
does  not  require  to  be  covered  with  mortar;  but  thin  walls  iuvolve  more  waste  while  buildiug;  so  thst 
b«>tb  require  about  the  same  quuutity  of  materials  to  be  provided.  Careful  experiments  show  thst 
mortar  becomes  harder,  aud  more  adhesive  to  brick  or  stone,  if  the  proportion  of  lime  is  increased. 
Heuee.  on  our  public  works  the  proportion  of  oue  measure  of  quicklime  to  3  of  sand,  is  usually  spec- 
ilied,  but  probably  never  uxed. 

Ume  is  iistially  sold  in  liimn^by  the  barrel.'*' of  almut  230 Itw  nft, 
or  250  fts  gross.  A  heaped  bsshel  of  lump  lime  aversKes  aiKtiit  75  lbs.  droaad  qslekllme* 
|i>.Mc,  averages  about  70  lbs  per  struck  bushel :  and  3  bushels  loose  Ju^t  811  a  common  Hour  barrel ;  hut 
tti'tn  3.5  to  t.75  bushels,  or  245  to  180  fts  eaa  readily  be  compacted  1bo>  a  barrel. 

Oeneral  remarks  on  mortar  and  lime.  On  too  great  4  pro- 
portion of  our  pablle  works,  the  common  lime  mortar  mar  be  Men  to  be  rotten  and  useleNB.  where  it 
has  been  exposed  to  moisture ;  which  will  be  carried  by  the  capillary  action  of  earth  to  soveral  feet 
above  the  natural  surface:  or  as  far  below  the  artificial  surface  of  em^ukraents  deposited  behind 
abutments,  retain ing-walls,  Ac.  The  same  will  frequently  be  seen  in  the  soflBti  of  arches  under  em- 
bankments. Cbmmon  lime  mortar,  thu$  expoted  to  cotutant  mo{»tnr^.,  will  never  Itarden  properlg. 
Rven  when  very  old  and  hard,  it  absorbs  water  freely.     Cement  alto  does  to.  but  hardenii. 

Brickdnst,  or  burnt  clay,  improves  common  mortar;  and  makes  it  hydraulic. 
To  loeslities  where  sand  cannot  be  obtaiued,  burnt  clay,  ground,  may  be  substituted ;  and  will  gen- 
erally give  a  better  mortar. 

Protection  of  qnleklime  from  molstnre,  even  that  of  the  air,  is 
abeolutely  essential,  otherwise  it  undergoes  the  process  of  air-slackin|p,  or 

*  Price  of  quicklime  in  lump  in  Philadelphia,  about  25  cts  per  bushel.  Bax 
sand  Sl.40  per  cubic  yard.    J.  Hex  Allen,  1319  A^ashingtou  Ave. 
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•puotaneous  alkoking,  bj  whtoh  it  becomei  rednoed  to  powder  as  wbeD  siHoked  bv  water  as  usual, 
but  without  heating,  and  with  but  little  tweUiof  ■  As  this  air  sl^kisg  requires  from  a  few  monrhs  to 
a  year  or  more,  depending  on  quality  and  exposore,  It  gives  tb«  lime  time  to  absorb  sufficient  carbonic 
acid  from  the  air  to  injure  or  destroy  its  efficacf.  But  qnicklime  will  keep 
HTOod  for  a  lonip  time  if  first  ground,  and  then  well  packed  in  air-tight 

barrels.  The  grinding  also  breaks  down  refractory  particles  found  in  all  limes,  aud  which  ligure  the 
mortar  by  not  slacking  until  it  bat  been  made  and  used.  For  the  same  reason  it  is  better  tkatlime 
should  uot  be  made  into  a>ortar  as  soon  as  it  is  slacked,  but  be  allowed  to  remain  slacked  for  a  day  or 
two  (or  even  several)  protected  ftrom.raln.  sun.  and  dust. 

liime  Blacked  in  itrreat-  bulk  may  char  or  eyen  set  fire  to  wood. 
liiine  paste  and  mortar  will  keep  ft»r  yearn,  and  improre,  if  weJd 

buried  in  the  earth.    Also  for  months  if  merely  covered  in  heaps  under  shelter,  with  a  thick  layer  of 
Baqd.    The  paste  shrinks  and  cracks  in  drying  ;  but  the  sand  in  mortar  prevents  this. 
As  approximate  averages  varying  luucb  accoixling  to  the  character  and 

degree  of  naming  of  the  limestone:  ana  to  the  fineness  or  coarseness  of  (be  san^,  one  measure  of 
good  quicklime,  either  in  lump,  or  ground;  if  wet  with  about  H  a  measure  of  water,  will  within  less 
than  au  hour,  slack  to  about  2  mea.sures  of  dry  powder.  And  if  to  this  powder  there  t>e  added  about 
9i  more  measures  of  water,  and  3  measures  of  dry  sand,  and  the  wbnie  thoroughly  mixed,  the  result 
will  be  about  3H  measures  of  mortar.  Or  the  same  i^Ucked  dry  powder,  with  about  1  measure  of 
water,  andS  measures  of  sand,  will  make  about  5%  measures  of  mortar.  In  both  cases  the  bulk  of 
the  mortar  will  be  about  li  part  greater  than  that  of  the  drr  sand  alone.  If  ^  of  a  measure  of  water 
be  used  for  slacking,  the  result,  instead  of  a  dry  powder,  will  be  about  l^  meaKures  of  stiff  paste ;  or 
with  1  whole  measure  of  water  for  slacking,  the  result  will  be  about  1^  measures  of  thin  paste,  of 
about  the  proper  consistence  for  mixing  with  the  sand.  Yery  pure,  fat  limes,  slack  quioiclr,  and  make 
abodt  from  2  to  3  measures  -of  powder ;  while  poor,  meagre  ones,  require  more  time,  and  swell  less. 
Slow  slacking,  and  small  swelling,  in  case  the  lime  has  been  properly  burnt,  are  not  in  general  bad 
4>ro|)erties ;  but  on  the  contrary,  usually  indicate  that  it  is  to  some  extent  hydraulic.  In  this  case  it 
makes  a  better  mortar :  especially  for  works  exposed  to  moisture,  or  to  the  weather.  Yery  pure  limes 
are  the  worst  of  all  for  such  exposures ;  or  are  bad  wetUher-lime*  ;  and  in  important  works,  should 
never  be  used  without  cement. 

Shell  lime  appears  to  be  about  the  same  as  that  from  the  purest  limestones; 

but  that  from  chalk  is  still  more  inferior,  and  will  not  bear  more  than  about  1.^  measures  of  sand; 
its  mortar  never  beooroes  verv  hard.  Madrepores  (oommonlj  called  coral)  appear  to  furnish  a  lime 
tntermedtate  between  those  of  chalk  and  limestone.     They  require  to  be  but  moderately  burnt. 

The  averHfce  wei|pht  of  common  haixlened  mortar  is  about  105  to  115  fi>8 
per  cub  ft. 

Oront  is  merely  common  mortar  made  so  thin  as  to  flow  almost  like  cream. 
It  i>«  intended  to  fill  interrttioes  left  in  the  mortar-Jointii  of  rough  masonry ;  but  unless  it  contains  a 
large  amount  of  cement,  it  is  probably  entirely  worthless :  since  the  great  quantity  of  water  injures 
the  properties  of  lime ;  and  moreover,  its  ingrcdieiKs  separate  from  each  other ;  the  sand  settling  be- 
low the  lime.  Bexides  this,  it  will  never  harden  thoroughly  in  the  interior  of  thick  masses  of  ma- 
sonry ;  indeed,  the  same  may  probably  be  said  of  any  common  lime  mortar.  In  such  positiuus,  it  has 
been  f<iuud  to  be  perfectly  soft,  after  the  lapse  of  many  years. 

Both  the  sand  and  the  water  for  lime  mortar,  should  be  free  from  elay  and 

salt.  The  clay  may  be  removed  by  thorough  washing;  but  it  is  extremely  dif- 
ficult to  get  rid  of  the  salt  from  seanbore  nand,  even  by  repeated  washings.  Knougb  will  generally 
remuiu  to  keep  the  work  damp,  aud  to  produce  efflorescences  of  nitre  on  the  surface;  whether  with 
lime,  or  with  cement  mortar.    Slacking  by  salt  water  gives  loss  paste  than  fresh. 

Mortar  should  not  be  mixed  upon  the  surface  of  clayey  ground ;  but  a  rough  board,  brick,  or  stone 
platform  should  be  interponed.  Pit  sand  sifted  ft-om  decomposed  gneiss,  and  other  allied  rocks,  is  ex- 
cellent for  mortar ;  its  sharp  angles  mnkiug  with  the  lime  a  more  coherent  mass  than  the  rotfndrd 
{irains  of  river  or  sea  sand.  Mortar  Kbould  be  applied  wetter  in  hot  than  in  cold  weather ;  especially 
n  brickwork;  otherwise  the  water  is  too  much  absorbed  by  the  masonry,  and  the  mortar  is  thereby 
injured. 

The  tenacity,  or  cohesive  strength*  that  is,  the  resistance  to  a  pull 

0f  good  common  lime  mortar  of  the  usual  proportions  of  Hnie  and  saud,  and  6  months  old,  is  about 
(W>m  15  to  SO  lbs  per  sq  inch ;  or  .96  to  1 .9  tons  per  sq  ft.  With  less  sand,  or  with  greater  age,  it  will 
be  stronger. 

The  crnshincT  strenffrth  of  good  common  mortar  6  months  old  is  from  loO 

to  800  j^s  per  sq  inch,  or  9.7  to  VkH  teas  per  sq  foot. 

The  sliflinir  resistauee,  or  that  which  common  mortar  opposes  to  any 

force  tending  to  make  one  course  of  masonry  slide  npon  another,  is  stated  by  Boudelet,  to  be  but  i  m 
per  sq  inch ;  or  about  «ne  tbird  of  a  ton  per  sq  ft,  in  mortar  6  months  old. 

Transverse  strength  of  good  common  mortar  6  months  old.    A  bar  1 

Inch  square  and  I'i  ina  clear  spau,  breaks  with  a  center  load  of  4  to  8  lbs. 

The  lime  in  mortar  deeays  wood  rapidly,  especuillv  in  close, 

damp  situations.  Still  the  soaking  of  timber  for  a  week  or  two  in  a  solution  of  quicklime  in  water 
appears  to  act  as  a  preservative.  Iron«  so  completely  embedded  in  mortar  as  to  exclude  air  and 
moisture,  has  been  found  perfect  after  1400  years ;  but  if  the  mortar  admits  moisture  the  iron  decays. 
So,  probably,  with  other  metals. 

The  adhesion  to  common  hricks,  or  to  rongrh  rnbble  at  any 

a^e  will  average  about  ^  of  the  cohesive  strength  at  the  same  nge;  or  say  18  to  24  lbs  per  sq  inch,  or 
.73  to  1.5  ton  per  sq  ft  at  6  months  old.  If  care  be  taken  to  exclude  dust  entirolv,  by  dipping  each 
brick  into  water  before  laying  it,  or  by  sprinkling  the  stone  by  a  hose,  ftc,  the  adhesion  will  be  in- 
creased. On  the  other  hand,  much  dust  may  almost  prevent  any  adhesion  at  all.  The  preeaatioQ  of 
wettitiK  is  especially  necessary  in  very  hot  weather,  to  prevent  the  warm  hricks  or  stone  fmni  kill* 
Init  tke  mortar  by  the  rapid  nbsorption  aud  evaporation  of  ita  water.  The  ^4fc«^*A"¥  to  very 
MBootk.  hard  preMed  kiieka,  or  to  smoothly  dressed  or  sawed  stone  is  oonsidemblv  le«a. 
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Art.  3.    Bri«l€A,  slse,  wt,  Ae.*    A  common  size  in  our  iBastem  cities  is 

abo  'i  8.25  X  i  X  2  ins ;  which  iH  equal  to  66  cub  ins ;  or  26  '2  bricks  to  a  oob  ft;  or  707  bricks  to  a  cub 
vard.     Por  the  number  required  with  mortar,  nee  table,  |>  660. 

In  ordering  a  large  number  a  minimum  limit  of  dimension  should  be  specified  in  order  to  prevent 
riraud.  A  brick  ^  inch  le^s  each  way  than  the  above,  eonuins  but  &2.5  cub  ius ;  thus  requiring  full 
25  per  cent  more  bricks  to  do  the  same  work ;  in  addition  to  25  per  ct  more  cost  for  laying,  which  is 
geuer;illj  paid  Tor  by  the  1000. 

The  weiiplit  of  a  irood  common  brick  of  8.25  x  4  x  2  ins,  will  aver- 
age about  4.5  lbs;  or  118  lbs  per  cub  tt=  3186  lbs  or  1.42  tons  per  cub  yard ;  or  2.01  tons  per  1000. 

A  |{:o<»«l  pressed  brick  of  Uie  same  size  wiii  average  about  5  lbs,  =  131  tt>8 
per  cub  ft  =  3537  tfos  or  1.58  tons  per  cub  yd ;  or  2.23  toiiti  per  1000. 
Iinmorsed  in  water,  either  of  them  wili  in  a  few  minutes  absorb  from 

H  to  ^  lb  of  water ;  the  last  being  about  4  of  the  weight  of  a  hand  moulded  one ;  or  4-  of  its  own 
bulk.  Since  the  weight  of  hardened  mortar  averages  but  little  less  than  that  of  good  common  brick, 
we  may  for  ordinary  calculations  assume  the  weight  of  such  brickwork  at  l.i  tons  per  cub  yard ;  1.3 
tons  per  perch  of  2ocub  ft;  or  116  lbs  per  cub  ft;  or  for  machine-moulded,  at  1.56  tons  per  cub  yd; 
1.44  tons  per  perch  ;  or  1*29  lbs  per  cub  ft. 

Allowins;  for  the  usual  wa<tc  in  citthig  bricks  to  flt  Corners,  jambs,  to,  the  average  number  of 
8M  X  4  X  S,  required  per  sq  foot  of  wall  i»  as  folio  wh  : 

Thlokniess  of  Wall.  No.  of  Brick«. 

8}iius,orl  brick  14 

UH"     otlH'      -^l 

17      ••      or  2      "     28 

t\*4"     ot2M"     85 

15«  "      orS      •' 42  ^ 

LaylHS  per  day*  a  brioklayer,  with  a  laborer  to  keep  him  supplied  vitli  materials,  will  in 
eorouiou  nouse  walls,  lay  on  an  average  about  1500  bricks  per  day  of  10  working  hours.  In  the  neater 
outer  faces  of  back  buildings,  from  1000  to  I'iOO ;  in  good  ordinary  street  fronts,  800  to  1000 ;  or  of  the 
very  finest  lower  story  faces  used  in  street  fronts,  from  150  to  300,  depending  on  the  number  of  angles, 
&c  In  plain  massive  engineering  work,  he  should  average  about  2000  per  day,  or  4  cub  yds ;  uud 
lu  large  arehes,  about  1500,  or  •  cub  yds.t 

Since  bricks  shrink  about  -J^  part  of  each  dimension  In  drying  and  burning,  the  moulds  should  be 
about  yV  P^*^  larger  every  way  than  the  burnt  brick  is  intended  to  be. 

Qood  well-burnt  bricks  will  ring  when  two  are  struck  together. 

At  the  brick-yards  about  Philadelphia, «  brick-moulder's  work  is  2833  In-icks  per  day;  or  14000  per 
week.  He  is  assisted  by  two  boys,  one  of  whom  supplies  the  prepared  clay,  moulding  sand,  und 
water;  while  the  other  carries  away  the  bricks  ns  they  are  moulded.  A  fourth  person  arranges  them 
in  rows  for  drying.  About  H  "f  «  cord,  or  96  eub  ft  of  wood,  is  allowed  per  1000  for  burning.  Where 
coal  is  usedt  the  kilns  are  fired  up  with  anthracite,  and  the  finishing  is  done  with  bituminous.  One 
ton  of  coal,  in  all,  makes  4500  bricks. 

PaTlnir  Witb  brlcK.  in  our  ciUea  this  is  done  oyer  a  6-tnch  layer  of  gravel,  which 
should  be  free  from  clay,  and  well  consolidated.  With  bricks  of  8>^X4X^  ins,  with  joints  of  from  H 
to  M  inch  wide,  a  sq  yard  requires,  flatwise,  as  is  usual  in  streets,  38  bricks;  edgewise,  73 ;  endwise, 
149.  An  arernge  workman,  with  a  laborer  to  supply  the  bricks  and  gravel,  will  iu  10  hours  pave  about 
3000  bricks;  or  53  sq  yds  fiat,  27  edgewise,  13  endwise.    When  done,  sand  is  brushed  into  the  joints. 

Art.  3.    The  ernshingr  strength  of  bricks  or  oourse  varies  greatly,   a 

rather  soft  one  will  crush  under  from  450  to  600  fts  per  sq  inch ;  or  about  90  to  4U  tous  per  Kq  ii :  white 
a  first-rate  machine-pressed  one  will  require  about  200  to  400  tons  per  square  foot.  This  last  Im 
about  the  crushing  limit  of  the  best  sandstone ;  %  as  much  as  the  best  marbles  or  limestones ;  aud  ^ 
as  much  as  the  best  granites,  or  roofing  Klates.  But  masses  of  brickwork  crush  uuder  much  smaller 
loads  than  single  bricks.  In  some  Eugli.Hh  experiments,  small  cubical  masses  only  0  incites  on  each 
edge,  laid  in  cement,  crushed  under  27  to  40  tons  per  sq  ft.  Others,  with  piers  9  ins  square,  and  2  ft 
3  ins  high,  in  cement,  only  two  days  after  being  built,  required  44  to  62  tons  per  sq  ft  to  crush  them. 
Another,  of  pressed  brick,  in  best  Portland  cement,  is  said  to  have  withstood  202  tons  per  sq  ft;  and 
with  common  lime  mortar  only  yi  as  much.    See  page  436. 

It  must,  however,  be  remembered,  that  crooking  and  splitting  usually  commence  under  about  one- 
half  the  crashing  loads.  To  be  safe,  the  load  should  not  exceed  H  or  ^^  of  the  crushing  one;  and 
so  with  stone.  Moreover,  these  experiments  were  made  npon  low  masses ;  but  the  strength  decreases 
with  the  proportion  of  the  height  to  the  thickness. 

The  pressare  at  the  base  of  a  brick  shot-tower  in  BalUmore,  246  feet  high,  is  estimated  at  6^  tons 


The  Peerless  Brick  Co,  otSoe  No.  Vm  Walnut  St.  Phllada.  make  superb  smooth 
(not  shining)  bricks  of  various  shape.s  and  colors  -(as  white,  block,  grav,  buff,  brown,  red.  to)  for 
ornamental  architectural  purposes.  Their  sUndard  size  is  8^  X  4^  X  'i%  =  82  cub  ins,  or  ^  larger 
than  the  above  6}^  X  4  X  2  ins.  The  color  extends  throughout  the  body  of  the  briok.  With  a  few 
of  these  judiciously  distributed  among  common  bricks,  beautiful  arohiteotaral  effects  may  be  pro* 
duoed,  both  indoors  and  out,  at  far  less  oost  than  in  stone.  For  prices  and  illustrated  catalogue, 
address  as  above.  .^  ^      ^„   ^ 

The  same  Co  will,  if  a  sufflefent  order  is  given,  furnish  TOURSoir  bricks  for  specified  radii,  but  of 
the  quality  and  finish  of  ordinary  good  hard  brick,  at  from  25  to  50  per  ct  advance  on  prevailing 
market  rates  of  onmmon  plain  oneo.  ^         ,^„^     „     .  k  •  u  •!/! 

•  PrtoM  in  Philada  to  1888.  Briclu  alone |  Salmon,  or  snft,  $7  per  1000.  Hani  brick.  $10. 
Back  stretchers  (generally  used  for  the  facings  of  back  buildings,  fto),  »**  Paving  brick,  914. 
Pressed,  (for  lower  stories  of  first-class  fronts,)  $26.  ^_        ,^^^    _    ^ .  ^^t-i,- 

t  BrleklaTlnsI  including  mortar ;  averaging  an  entire  dwelling.  $7  per  1000.  Best  pressed  bricks 
in  flrsi-claisfronM,  $15.    ••  Tuck  "  fronts,  laid  with  steel  wire,  special  ratM. 
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par  gq  ft ;  and  In  a  brick  oblmn^  at  Glsusow,  Scotland,  468  ftet  high,  at  •  tons.  Prorextor  Raaklne 
ealeuiatea  that  in  beavj  gain  ibU  i*  iaoreuaed  to  15  tons,  on  the  leeward  side.  The  walls  of  boib  are 
of  course  mnch  thicker  at  bottom  than  at  top.  With  walls  lUO  foet  blgb,  of  nniform  tbickueM,  tbe 
pressure  at  base  would  be  6.4  tons  per  sq  ft. 

With  our  present  imperftot  knowledge  on  this  mibieot,  it  cannot  be  eonsidcred  saffe  to  expose  even 
first-class  preKsed  brickwork,  in  csnsaiU,  to  more  than  lU  or  la  tons  per  aq  ft ;  or  good  band- moulded, 
to  more  than  two-thirds  as  mnob. 

Tensile  strenirfliof  brick,  40  to  400  &>&  per  sq  inch ;  or  2.6  to  26  tons  per  sq  ft 

The  EnfTliMb  r<Ml  of  brick  work  is  306  cub  feet,  or  llV^cub  yards;  and 

requires  about  4500  l>r<eks  of  tbe  English  standard  site ;  with  about  75  eub  ft  of  mortar.  The  Rngtisb 
hundred  o^Ume,  is  a  oub  jd. 

Froaen  tnortnr.  There  is  risk  in  using  common  morur  fn  cold  weatber.  If  tbe  cold 
should  continue  long  enough  to  allow  the  frozen  mortar  to  Ret  well,  the  work  ma;  remain  safe ,  but  if 
a  warm  daj  should  ooour  between  the  freezing  and  tbe  xettiugof  tbe  mortar,  the  sun  shining  on  oue 
Hide  of  tbe  wall  may  melt  the  mortar  on  that  side,  while  that  on  the  other  ride  maj  remain  frozen 
bard,  in  that  case,  the  wall  will  be  apt  to  fall ;  or  if  it  does  not,  it  will  at  least  always  be  weak :  for 
mortar  that  has  partiallj  set  while  frozen,  if  then  melted,  will  never  regain  its  strength.  Bj  tbe 
writer's  own  trials  bjdrsulic  oemeou  seemed  not  to.be  injured  bjr  freezing. 

Experiments  for  renderlnpr  brick  mnsonry  impervlons  to 

water.  Abstract  of  a  paper  read  before  tbe  American  Sooietj  of  Civil  Engineers,  Maj  4, 1870, 
bj  William  L.  Dearborn,  Civil  Engineer,  member  of  ihe  Society. 

The  face  walls  of  the  Back  Bays  of  the  Gate-houses  of  tbe  new  Crotoa  reservoir,  located  nortb 
of  Righty  sixth  Street,  in  Central  Park,  were  built  of  the  best  quality  of  hard-burnt  brick ;  laid  in 
mortar  composed  of  hydraulic  cement  of  New  York,  and  sand  mixed  in  tbe  proportkia  of  one  measure 
^f  cement  to  two  of  sand.  The  space  between  tbe  walls  is  4  ff.  and  was  filled  with  concrete.  Tbe  face 
^alln  were  laid  up  with  great  care  and  every  precaution  was  Uken  to  have  the  joiuu  well  filled  and 
insure  good  work.  They  are  13  ins  thick,  and  40  ft  high ;  and  tbe  Bays  when  full  generally  bave  M  ft 
of  water  in  them. 

When  tbe  reservoir  was  first  fliled,  and  the  water  was  let  into  tbe  Oate-bousea.  It  was  fonnd  to  filter 
through  these  walls  to  a  considerable  amount.  As  soon  as  this  was  discovered,  tbe  water  was  drawn 
eut  of  tbe  Rays,  with  the  intention  of  attempting  to  remedy  or  prevent  this  infiltration.  After  care- 
fully considering  several  modes  of  aocomplishing  the  object  desired,  I  eame  to  tbe  eouclnslen  to  try 
"  Srlvester's  Process  for  Bepelling  Moisture  from  External  Walls." 

The  process  oonnists  in  u«ing  two  washes  or  solutions  for  coveriog  the  surface  of  brick  walls;  one 
composed  of  Castile  soap  and  water;  and  one  of  alum  and  water.  The  proportions  are  :  three-quar- 
ters of  a  pound  of  soap  to  one  gallon  of  water;  and  half  a  pound  of  alum  to  four  gallons  of  water 
both  subsunoes  to  be  perfectly  dissolved  in  the  water  before  being  used. 

The  walls  should  be  perfectly  clean  and  dry  ;  and  the  temperature  of  tbe  air  should  not  be  below 
60  degrees  Fahrenheit,  when  tbe  compositions  are  applied. 

The  lirst.  or  soap  wash,  should  b«  laid  on  when  at  boiliog  heat,  with  a  fiat  brush,  taking  care  not 
to  form  a  froth  on  the  brickwork.  This  wash  should  remain  twenty-four  hours  :  so  as  to  occome  dry 
and  bard  before  the  second  or  alum  wash  is  applied ;  which  should  be  done  in  tbe  snme  manner  as 
tbe  first.  The  temperature  of  this  wash  when  applied  may  be60<'  or  70^ ;  snd  It  should  also  remain 
twenty-four  hours  before  a  second  coat  of  tbe  soap  wash  is  put  on ;  and  these  coats  are  to  be  repeated 
alternately  uutil  the  walls  are  made  .mpervious  to  water. 

The  alum  and  soap  thus  combined  form  an  insoluble  compound,  filling  tbe  pores  of  the  masonry, 
and  entirely  preventing  the  water  from  penetrating  tbe  walls. 

Before  applying  these  compositions  to  tbe  walls  of  the  Bays,  some  experiments  were  made  to  test 
the  absorption  of  water  by  bricks  under  pressure  after  being  covered  with  these  washes,  in  order  te 
determine  bow  many  coats  tbe  wall  would  require  to  render  tbem  impervleoe  to  water. 

To  do  this,  a  strong  wooden  box  was  made,  put  together  with  sorews.  large  enough  to  hold  S  bricki; 
and  on  the  top  was  inserted  an  inch  pipe  forty  feet  long. 

In  this  box  were  plaoed  two  bricks  after  being  made  perfectly  dry,  and  then  covered  with  a  coat  of 
each  of  tbe  washes,  as  before  directed,  and  weighed.  They  were  then  subieuted  te  tbe  pressure  ef  a 
column  of  water  40  feet  high  ;  and,  after  remaiuiug  a  sufficient  length  of  time,  they  were  taken  oat 
and  weighed  again,  to  aeoertaia  the  amount  of  water  they  bad  absorbed^ 

The  brioka  were  then  dried,  and  again  coated  with  tbe  washes  and  weighed,  and  subjected  to  press- 
ure as  before ;  and  this  operation  waa  repeated  until  the  bricks  w«e  found  net  to  absorb  any  wato-. 
Four  coatings  rendered  the  bricks  impenetrable  under  the  pressure  of  40  ft  bead. 

The  mean  weight  of  the  brieke  (dry)  befons  being  coated,  was  9}i  fU;  xh%  mean  abeorption  was 
one-half  pound  of  water.     An  hydrometer  was  used  in  testing  the  solutions. 

As  this  experiment  was  made  in  tbe  fall  and  winter.  (186.1.)  after  the  temporary  roofb  were  put  on 
to  the  Oate-house.  artificial  heat  had  to  be  resorted  to.  to  dry  tbe  walls  and  keep  tbe  air  at  a  proper 
temperature.  The  cost  was  lO.OS  cts  per  sq  ft.  As  soon  as  the  last  coat  bad  become  hard,  the  water 
was  let  into  the  Bats,  and  the  walls  were  found  to  be  perfectly  impervious  to  water,  and  they  still 
remain  so  in  1870,  after  about  6^  years. 

Brick  arch  (pootwa%-  or  Hioh  Br(dok).  The  brick  arch  of  the  footway  of  High  Bridge  is  the 
arc  of  a  circle  29  ft  6  in  radius ;  and  is  12  In  tbick ;  tbe  width  on  top  is  17  ft ;  and  the  length  covered 
was  1.181  ft. 

The  first  two  courses  of  the  brick  of  tbe  arch  are  composed  of  the  best  bard-burnt  brick,  laid  edge* 
wise  in  mortar  composed  of  one  part,  by  measure,  of  hydraulic  cement  of  New  York,  and  two  parts 
of  sand.  The  top  of  these  bricks,  and 'the  inside  of  tbe  granite  coping  arsinst  which  the  two  top 
Courses  of  brick  rest  was,  when  they  were  perfectly  dry,  covered  with  a  coat  of  asphalt  otie-balf  aa 
inch  thick,  laid  on  when  the  asphalt  was  heated  to  a  temperature  of  from  SOno  to  518°  Fahrenheit. 

On  top  of  this  was  laid  a  course  of  brick  flatwiae.  dipped  in  asphalt,  and  laid  when  the  asphalt  was 
hot;  and  tbe  jotnu  were  run  full  of  hot  asphalt. 

On  top  of  this  a  course  of  pressed  brick  was  laid  flatwise  in  brdraulto  cement  mortar,  forming  tbe 
paving  and  Hoor  of  the  bridge.  This  asphalt  was  tbe  Trinidad  Variety :  and  was  mixed  with  10  per 
cent,  by  meaaare,  of  coal  tar :  and  2S  per  cent  of  sand.  A  few  experiments  for  testing  the  strength 
of  this  asphalt,  when  used  to  cement  bricks  together,  were  made,  and  two  of  them  are  (tlven  below. 

nix  brieka,  preued  together  flatwise,  with  asphaH  Joints,  were,  after  lying  six  months,  broken. 

.   ^ii'tanne  between  tbe  supports  was  13  ins :  breaking  weight.  900  fts ;  area  of  single  joint.  284  H 

••    The  asphalt  adhered  so  strongly  to  the  brick  as  to  tear  away  tbe  surface  in  msny  places. 
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I  pressed  together  end  to  end.  oemented  with  MphaH.  were,  after  Ijing  6  mnntht.  broken. 
ic«  beiweeu  tbe  supports  was  li)  iun ;  area  of  joint,  Sji  aq  Idi  ;  breaklag  weight,  150  Ibe. 
>r  the  bridge  covered  with  asphalted  brfck.  was  2306o  t>q  ft.     There  was  used  M200  lbs  of 


Two  brieks  p 

Tbe  diktance  t 

The  area  of  tt „ . 

asphalt.  33  barrels  of  ooal  tar.  10  cnb  yds  or  saud.  93800  bricks. 

The  liiue  oocapied  was  lOtt  davs  of  luasons,  and  148  days  of  laborers.  Two  masons  and  two  labor* 
era  will  melt  aud  spread,  of  the'flrtt  coat,  l(i50  sq  ft  per  day.  Tbe  toUl  cost  of  this  coat  was  5.25 
cents  per  sq  ft,  exclusive  of  duty  ou  aspbalt.  There  were  three  grooves,  2  ius  wide  by  4  ins  deep, 
made  entirely  across  the  brick  arch,  aad  immediately  under  the  tirat  coat  of  asphalt,  dividing  the 
arch  into  four  equal  parts.    These  grooves  were  filled  with  elastic  paint  cement. 

This  arrangement  was  intended  to  guard  against  the  evil  effects  of  tbe  contraction  of  tbe  arch  in 
winter;  a«  it  was  expected  to  .yield  sligbtly  at  these  points,  and  at  no  otlier  point;  aud  then  the 
etaaiie  oement  would  prevent  any  leakage  there. 

Tbe  entire  experiment  has  proved  a  very  successful  one,  and  the  arch  has  remained  perfectly  tight. 

In  proposing  the  above  plan  for  working  the  asphalt  with  tbe  brickwork,  the  object  was  to  avoid 
depending  on  a  large  sontinued  surface  of  asphalt,  as  is  usual  in  covering  arcliei,  which  very  fre* 
qnently  cracks  from  the  greater  contraction  of  tbe  asphalt  than  that  of  the  masonry  with  which  it  is 
in  contact;  tbe  extent  of  the  asphalt  on  this  work  being  only  about  one-quarter  of  an  inch  to  each 
brick.    Thia  is  deemed  to  be  an  essential  element  in  the  success  of  tbe  impervious  ooveriug." 

A  eheap  and  eflTective  process  for  preventing  the  percolation  of  water  through  the  arches  of  aqoe 
docu,  aud  even  of  brid«pM>  la  a  great  desideratum.  Many  expensive  trials  with  resinous  compounds 
have  proved  failures.  H^draalic  cement  appears  to  merely  diminish  the  evil.  Much  of  tbe  trouble 
is  probably  doe  to  cracks  produced  by  changes  of  temperature. 

The  mrliite  efflorescence  so  common  on  walls,  especially  on  those  of  brick, 
is  due  to  the  presence  of  soluble  salts  in  the  biicks  and  mortar.  These  are  dissolved, 
and  carried  to  the  fsu:e  of  the  wall,  by  rain  and  other  moisture.  Sulphate  of  magne- 
sia (Epsom  Salt)  appears  to  be  the  most  frequent  cause  of  the  disfiguration.  In  many 
places  mortar  lime  is  made  fh>m  dolomite,  or  magnesian  limestone,  which  often  con'^ 
tains  30  per  cent  or  more  of  magnesia;  which  also  occure  frequently  in  brick  clay. 
Coal  generally  contains  sulphur,  most  frequently  in  combination  with  iron,  forming 
tlie  well-known  "  iron  pyrites  ".  The  combustion  of  the  coal,  as  in  burning  the  lime- 
stone or  clay,  in  manufactures,  in  cooking  etc,  converts  the  sulphur  into  sulphurous 
acid  gas,  which,  when  in  contact  with  magnesia  and  air,  as  in  the  lime  or  brick  kiln, 
or  in  the  finished  wall  or  chimney,  becomes  sulphuric  acid  and  unites  with  the  mag- 
nesia, forming  the  soluble  sulphate.  We  are  not  awSire  of  any  remedy  that  will  pre- 
vent its  appearance  under  such  circumstances;  but  the  formation  of  the  sulphate  may 
be  prevented  by  the  use  of  limestone  and  brick-clay  free  from  magnesia.    See  p.  678. 

Art.  4.  Hydrflllllc  CementiS.*  Certain  limestones,  when  burnt,  will  not  slack 
with  water;  but  when  the  burnt  stone  is  floelv  ground,  and  made  into  a  paste,  it  posHe*s<>8  the  pro- 
perty of  hardening  under  water;  and  is  therefore  called  hydratUic  cement.  So  long  as  the  propor. 
tion  of  those  ingredients  which  Impart  hydranlioity,  is  so  small  that  the  buritl  stouc  will  slack  ;  but 
still  make  a  paste  or  a  mortar,  which  will  harden  under  water,  it  is  •lUcd  hydraulic  time.  This  does 
not  harden  su  promptly,  or  to  so  great  a  degree,  as  the  cements.  Hydraulic  limes  slack  more  slowly, 
and  swell  less,  in  proportion  to  their  hydraulicity ;  some  requiring  many  hoars.  Artificial  hydraulle 
Hmes  and  oemeute,  of  excellent  quality,  may  be  made  by  mixing  lime  and  clay  thoronghly  together) 
then  moaldtng  the  mixture  into  blocks  like  bricks;  wbiob  are  first  dried,  then  burnt,  and  finely 
grouad.  Tbe  oelebrAted  artificial  Rnglish  Portland  oement,  is  made  by  grinding  together  in  water 
•halk  and  clay.  The  fine  particles  are  floated  away  t«  other  veaaela,  and  allowed  to  aectle  as  a  paste; 
which  is  then  collected,  moulded,  dried,  burnt,  and  ground.  Nntnral  Port« 
Initd  is  that  made  from  limestone,  or  other  material  of  very  rare  occurrence, 

which  combines  natureUlj/  that  proportion  of  lime  and  claj  which  gives  the  above  artiflofal  Portianda 
their  pre.eminenee.    I'his  alone  ooustitotes  its  difference  from  our  common  natural  byd  cements. 

Welf(lkts  ot  oements.  p.  382.  Saylor's  I  'ortland,  about  120  IIih.  per  struck  bushel. 

The  wHtpr  found  by  10  years'  trial  that  if.  after  eetting,  dampness  is  absoluuly  ezehided,  OeateBts 
pMserre  IrOH,  lead,  sine,  copper,  and  brass ;  and  that  PiMtor  vf  Paris  preserves  all  except 
frou,  which  It  rusts  somewhat  unless  galvauixed.  IJme-aiort«r  probably  preaerrea  all  of  them, 
if  kept  firee  from  damp. 

Jprtitecilon  from  inointnre,  even  that  of  the  air,  is  very  essential  for  the 
preservation  of  cements,  as  well  as  of  quicklime.  On  this  acconnt  the  barrels  are  generally  lined 
titb  stout  paper.  With  this  precaution,  aided  by  keeping  the  barrels  store«i  in  a  dry  place,  raised 
above  the  ground,  the  oement,  although  it  may  require  more  time  to  set,  will  not  otherwise  very 


*  Prices  of  byd  cementsi  in  Philada,  1888,  by  the  large  importing  firm  of 
Sftmuel  H.  French  &  Co,  comer  of  York  Avenue  and  Callowhill  St.  Euvllsh 
Portland  cement,  S2.G0  to  $3.00  per  barrel  of  about  400  lbs  gross;  according  to 
quality  and  quantity.  Oerman  Portland,  $2.40  to  $2.76  per  barrel  of  about 
400  lbs  gross.  Savior's  American  Portland,  $2.35  to  $2.65  per  barrel  of 
400  fi)s  gross.  Rosendale,  per  barrel  of  about  300  ttig  net,  $1 .15  to  $1.40.  Other 
v.  H.  cements,  per  barrel  of  about  300  Sbs  net,  $1.00  to  $i  .HO.  Ground  cal- 
cined plaster  of  Paris;  selected,  barrel  of  300  lbs  net,  $2.00  to  $2.25. 
Commercial,  barrel  of  about  200  fbs  net,  $1.21  to  $l.so.  „     ^  «* 

American  Improved  Cements  Co.,  BfQrpt,  Pa.,  offlce  216  S.  8d  St., 
Phils.,  make  -Giant"  Portland.    Price  per  barrel  of  400  lbs.  net,  $2.40 
•♦  Improved  Union."  «  ♦'     800      "  1.40 

"Union."  «  •*     300      •«  l.W 
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appreeUbl/  deteriorate  for  alx  moatlu ;  batmfter  U  w  IS  aenttui.  Olllmore  my*  it  is  unnt  fw  lue  in 
Imporunt  works.  But  in  lumps,  kept  irj,  it  wiJl  remain  good  for  2  or  S  years ;  and  maj  be  ground 
as  required  for  use. 

Good  Portland  oement  is  stated  bj  good  authority  rather  to  Improve  by  tnt  ezposare  to  the  air 
nnder  oover;  but  whether  this  is  oorreot  or  not,  we  cannot  say. 

Restoration  bjr  rebnrnlns'  may  be  effected.    If  the  injnred  f^roimd  ce- 

raent  is  spread  in  a  thin  layer,  oa  a  red-hot  iron  plate,  for  about  15  minutes,  its  good  qualities  will  be 
in  a  great  measure  restored.  The  time  should  be  aiteertained  by  trial.  If  it  has*been  actually  wet, 
and  lumpy,  or  oemeuted  into  a  mass,  it  should  flrst  be  broken  into  small  pieces,  and  then  ground.  Or 
these  pieces  may  be  first  kiln-burnt  at  a  bright  red-heat  for  abont  l}i  hours;  and  then  ground. 

Art.  5.  For  rongrbeantiiiKr,  or  stuccoing  the  outside  of  walls,  reiy  few 
hydraulic  cemoits  are  flt.  Mr.  Dowutng.  in  his  work  on  "  Country  Houses."  excepts  thatft*om  Berlin, 
CoaDeeticHt.  as  the  only  one  within  his  extended  knowledge,  that  is  suitable.  Portland  cement  is 
said  to  be  good  for  that  purpose.  A  wall  with  a  northern  exposure  in  Philada  was  coated  with  it  in 
1860 ;  and  appears  to  be  in  perfect  condition  in  1880. 

Quantity  required.  A  barrel  of  cement,  300  lbs ;  and  2  barrels  of  sand,  (6 
buMUeis,  or  7^  cub  ft;)  mijced  with  about  ^  a  barrel  of  water,  will  make  about  8  cub  ft  of  mortar, 
aaffident  for 

19S  sq  ft  of  mortar-Joint  H  inoh  thick  =  21)^  iq  yards. 

M8  "      "      ••         "X    "        *'     =»»     ••      " 

88i"      ••      "         "     H    "       "     -««"      " 

7tt  "      "      "         "      H    ••        "     =r  »H  "      " 
Or,  to  Isy  1  cubic  yard,  or  5n  bricks  of  8V(  by  4.  by  t  ins,  with  JoInU  %  tneh  tbicic:  or  a  eabie  yard 
of  roughly  scrabbled  rubble  stonework.    The  quanUty  of  sand  may  be  Increased.  howeTer,  to  S  or  4 
measures  fbr  ordinary  work. 

PolutiuiiT  mortar.    Gen  Gillmore  recommends  '*1  part  by  weight  of  good 

cement  powder,  to  3  or  3)i  parts  of  sand.  To  be  mixed  under  shelter,  and  in  quantities  of  only  i  or 
S  pints  at  a  time,  using  very  little  water,  so  that  the  mortar,  when  ready  for  use.  shall  appear  rather 
incoherent,  and  qnlte  dettcient  in  plasdoity.  Tiie  Joints  being  prerioasly  scraped  out  to  a  depth  of 
at  lea.-«t  H  an  inch,  the  mortar  is  put  iu  by  the  trowd;  a  atraightedge  being  held  just  below  the  J«rfnt, 
if  straight,  as  an  auxiliary.  The  morur  is  then  to  be  well  calked  into  the  joint  by  a  calking- 
iron  aud  hammer;  then  niure  mortar  is  put  in,  and  calked,  until  the  Joint  is  fuU.  It  is  then  rubbra 
and  polished  under  as  great  pressure  as  the  mason  can  exert.  If  the  joinu  are  very  One  they  should 
be  enlarged  by  a  stonecutter,  to  about -^^^  inch,  to  receive  the  poising.  The  wall  should  be  well  wet 
before  the  pointing  is  put  in,  and  kept  in  such  condition  as  neither  to  give  water  to.  nor  take  it  trom  the 
mOrtar.  In  hot  weather,  the  pointing  should  be  kept  sheltered  for  some  days  fk*om  the  svn,  so  as  not 
to  dry  too  quickly."    Why  not  flnish  joints  at  once,  without  soboequent  pointing  ?     Author. 

Art.  6.*  Color  is  no  indication  of  strength  in  hyd  cements.  The  finer 
fhey  are  irroiind  the  better.    At  least  90  i^eret  should  pass  throogfa  a 

sieve  of  50  meshes  per  lineal  inch,  of  Wire  No  S5  Amer  wire  gauge  (.OOSiS  inoh  thicK) ;  or  2500  meshes 

per  sq  inch. ,  Weiirbt  is  n  good  indication  when  equally  well  ground.    A  flat 

cake  of  good  cement  paste  placq^  in  water  a.s  soon  an  it  admits  of  so  doing  safely,  and  left  in  it  for  s 

week,  should  show  no  cracks.  'New  cement  is  not  as  good  as  wlien  a  few 
weeks  old.    Tbe  term  Setting:  does  not  imply  that  the  cement  has  hardened 

to  any  great  extent,  but  merely  that  it  has  ceased  to  be  pa»ty  and  has  become  brittU.  Quick  setting 
cements  may  do  this  suSiciently  to  allow  small  experimental  samples  to  be  lifted  and  handled  cart- 
fully  within  Hv  to  thirty  minutes ;   while  others  may  require  from  one  to  eight  or  more  hours. 

Slow  settiniiT  <ioes  not  Indieate  inferiority,  for  many  of  the  very. 

best  are  tbe  slowest  setung.  A  l^er  of  very  quick  setting  cement  may  partially  set.  especially  ia 
warm  weather,  before  tbe  masonry  is  properly  lowered  and  adjusted  upon  it,  and  aitj  dtstiirbfMMf 
•tier  settlas  has  commencM  is  pr^udicial.  Such  are  to  be  regarded  with  suspicion,  aud  sub 
niitted  to  longer  tests  than  slow  ones.  Still,  quick  setting  ones  are  best  in  ceruin  cases,  as  whea 
exposed  to  running  water,  ko.  They  may  be  rendered  slower  by  adding  abulk  of  lime  paste  equal  to  9 
or  15  per  ct  of  the  oement  paste,  without  weakening  them  seriously.    As  a  general  mie  oeoMou 

set  and  harden  better  In  water  than  in  air,  especially  in  wgrm 

weather.  If.  however,  the  temp  for  the  first  few  days  does  not  exceed  56^  to  65°  Pah,  there  seems  to 
be  no  appreciable  diflerence  in  this  retpeet;  but  In  warm  air  cement  dries  instead  of  taUing,  and  thus 
loses   most  of  its    strength.    In    hot   wentber  every  precaution    should   be   used   against  this. 

The  time  re^id  to  attain  tbe  itrreatest  hardness  is  many  years,  but 

after  about  a  year  the  increase  is  usually  very  small  and  slow,  eapeclslly  with  neat  cement.  More- 
over, any  subsequent  increase  is  a  matter  of  little  importance,  because  generally  by  that  time,  and 
often  much  sooner,  the  work  is  completed  aud  exposed  to  its  maximum  strains.  Sand  retarit 
■etUas*  and  weakens  the  cement  paste.  Rut  although  with  sand  the  strength  of  the  mortar  msy 
never  attain  to  that  of  the  neat  psste,  yet  it  increases  with  age  in  a  greater  proportion ;  so  tbst  a 
neat  paste  which  at  the  end  of  a  year  would  be  but  twice  as  strong  ft*  In  7  iays,  may  with  sand  yield 
a  mortar  which  at  the  end  of  a  year  will  be  H,  4.  or  5  times  aa  strong  as  it  was  in  7  days.  Good  Port* 
landH  noat  usually  have  at  the  end  of  a  year  ft-om  1.5  to  2  times  their  strength  at  the  end  of  1  days; 
and  the  American  natural  cemeiiu,  Rosendale,  l.oiiisviHe,  Cumberland,  &o,  from  2.5  to  3.S  times; 
but  inasmuch  as  Portlands  average  (roughly  speuking)  sbout  5  or  6  times  the  strength  of  the  othera 
in  7  days,  they  still  average  about  2.5  to  S  times  as  strong  in  a  year  or  longer.    Ceinenta  of  the  ssBM 

class  differ  much  in  their  rapidity  of  hardeniniT*    One  may  at  the  end  of 

a  month  gain  nearly  one*balf,  and  another  not  more  than  one-sixth  of  its  increase  at  the  end  of  a 
Tear,  at  which  time  both  may  have  about  the  same  strength.  lienoe,  teets.(br  1  week  or  1  month  srt 
by  no  means  conclusive  as  to  their  AunI  comparative  merits. 

There  seems  to  be  a  period  occurring  from  a  few  weeks  to  several  months  after  bSTlng  been  laid,  si 
which  cement  and  its  mortars  for  a  short  time  not  only  oease  from  hardening,  but  aMtsaily  lase 
■treacth.  They  then  recover,  and  tbe  hardening  goes  on  as  before.  It  has  been  suggested  Uiat 
this  opTuion  has  originated  in  some  oversight  of  the  experimenters,  but  the  writer  believes  it  to  bs 
rounded  on  faot.  In  his  expu  with  varion<*  hvd  cements  of  the  consistence  of  mortar,  ovoa  witboit 
"»«»d.  the  writer  detected  ao  ekaase  •f  balk  ta  settlas. 
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Art.  7.*  Mr.  Wm.  W.  Maelay,  €.  E.  (see  his  very  instructive  paper  in 
Trans.  Am.  Soc.  C.  E.,  Dec,  J877),  found  that  fn  the  testiti|{r  orcementn  the 

temperature  of  the  air  and  water  had  far  more  influence  than  had  before  been  tUKpected.  Tjius  neat 
Portland  moulded  in  air  AtS^o  Pah.  and  Iiept6  days  in  water  at  4fP,  had  a  tenaile  strength  of  but 
IM  »a  fier  nq  inch,  whtte  that  kept  in  water  of  7(P  had  MB  Ibii,  or  nearij'  twice  as  much.  Other  bars 
moulded  in  air  at  W,  after  6  dajs  in  water  of  40^,  brolse  with  113  lbs  tensile  per  sq  inch,  while  those 
in  WHter  at  7(P  rpqulred  254  lbs.  nr  about  2.25  ttmes  as  much.  But  at  the  end  of  only  20  dars  the 
strenstba  of  these  last  were  as  212  to  336  lbs.  or  an  1  to  1.6 :  the  weaker  one  bavins  in  that  time  gnined 
rapidly  on  the  stronger.  As  longer  time  would  of  course  bring  them  still  nearer  to  an  equality,  the 
vltimate  efTects  of  temperature  within  certain  limits  are  fortunately  not  so  important  in  actual'prac- 

lice  as  the  first  expts  might  lead  us  to  infer.    Work  must  go  on  notwithsu^-*' "- ' 

ture.  but  we  must  take  care  that  our  mortar  shall  at  all  times  Taeatrong  eno 
injurious  influences.  Cements  in  open  air  are  certainl?  more  or  less  i^j 
•etting,  as  the  temp  exceeds  about  65'^  to  7(P.  But  if  mixed  only  in  smalt 
quickly  laid  in  masonry  of  dampened  stone,  so  as  to  be  sheltered  from  tb 
redaoed.  The  aand  and  sfone  should  both  be  damp,  not  wet,  in  hot  weatht 
nay  be  used  in  the  cement  paste:  also  if  possible  not  only  the  mortar  w 
masonry  also  should  then  be  shaded  Mr  Maclay  found  that  6  day  specimei 
direct  fixtm  Mfl  water  were  much  stronger  than  if  first  left  24  hours  to  dr 
high  temps.  But  the  reverse  occurs  with  such  U.  S.  natural  cements  as  ^ 
of  some  being  largely  tncretued  by  such  drying.  Experiments  in  Europe  wii 
fn  water,  seemed  to  show  the  weakest  period  for  such  to  be  at  2  days'  exposi 
but  half  as  great  as  when  first  taken  from  the  water.  But  on  the  4th  day  tb« 
at  flrst;  and  the  strength  then  increased  with  time  as  if  there  had  been  no  interruption. 

The  efTeets  of  cold,  although  it  retards  the  setting,  do  not  appear  to  be 

■erioua  otherwise.  If  the  cement  mortar  even  freezes  almost  as  quickly  as  the  masonry  is  Inid  with 
it,  it  does  not  seem  to  depreciate  appreciably.  The  writer  has  found  this  to  be  the  case  also  with  lime 
mortar,  even  when  a  few  hours  af^r  freezing  the  temp  became  so  high  as  to  soften  the  frozen  mortar 
again.  But  although  the  mortar  of  either  lime  or  cement  may  not  be  thereby  injured,  the  work,  espe- 
cially in  thin  brick  walls,  may  be  mined  and  overthrown.  Thus  If  soon  after  the  mortar  through  the 
entire  thickness  of  suoh  a  wall  be  frozen,  t-he  son  shines  on  one  face  of  it  so  as  to  soften  the  mortar 
of  that  face,  while  the  mortar  behind  it  remains  bard,  it  is  plain  that  the  wall  will  be  liable  to  settle 
at  the  heated  faoe,  and  at  least  bend  outward  if  it  does  not  fall.  The  writer  has  observed  that  coat- 
ings of  cement  applied  to  the  backs  of  arches  on  the  approach  of  winter,  and  left  unprotected,  were 
entirely  broken  up  and  worthless  on  resuming  work  the  next  spring.  The 
heatlnir  ofannd  and  cement  in  freezing  weather  seems  to  he  a  bad  prac- 
tice, especially  if  to  be  placed  in  cold  water.     But  for  nse  out  of  water  Mr  Maclay  sars  they  may  be 

heated  to  60°  or  60°.  Cold  water  for  mixing:  is  probably  no  farther  inju- 
rious than  that  it  retards  the  setting.    All  cements  when  mixed  with  sand  to  a  proper  consistence  for 

mortar  will  fall  to  pieces  if  placed  in  water  before  setting  has  commenced. 
Portlands  do  so  even  without  sand ;  but  U.  S.  nataral  cements  of  good  quality  do  not. 

Art.  8.*  Strensrth  of  cements.    The  strength  as  before  stated  is  much 

affected  by  the  temp  of  the  air  and  Mater,  as  also  by  the  degree  of  force  with  whiVh  the  cement  is 
pre-ssed  into  the  moulds;  by  the  extent  of  setting  before  being  put  into  the  water,  and  ofdrring  when 
taken  out;  and  still  more  by  the  consideration  of  whether  or  not  it  sets  while  under  the  iuHuence  of 
pressure,  which  increases  the  strength  materially.  On  this  account  cements  in  actual  masonry  may 
under  ordinary  circumstances  give  better  results  than  in  door  expU.   These  causes,  together  with  the 

degree  of  thoroughness  of  the  mix  ins*  or  Kan«:ing:,  the  proportion  of  water 

used,  and  other  oonsiderations  may  easily  affect  the  results  100  per  ot,  or  even  much  more.  Hence. 
the  diserepanoiea  in  the  reports  of  different  experimenters. 

Bem.^  Portlands  reqnire  more  water  than  the  common  U.  S. 

eements,  and  shrink  less  in  mixing.  See  next  Art.  Also,  morurs  require  more  than  concrete,  espe- 
cially when  the  last  is  t^  be  well  ramintNl,  in  which  case  it  should  be  merely 

moisf.  so  an  barely  to  cohere  when  pressed  into  a  ball  by  hand.  If  more  water  is  present,  the  consoli- 
dation by  ramming  is  proportionally  imperfect.  To  asMnre  himself  that 
the  quality  of  cement  furnished  is  equal  to  that  contracted  for,  the  engineer 

should  reserve  the  right  to  bore  with  a  long  auger  into  any  part  of  each  barrel,  and  to  reject  every 
barrel  of  which  the  sample  drawn  out  does  not  satisfy  the  stipulations.  On  works  using  large  quan- 
tities, there  should  be  one  person  specially  detailed  to  this  duty.  One  advantage  of  very  strong 
eements  is  their  eoonomv,  even  at  a  higher  cost,  in  allowing  the  use  of  a  larger  proportion  of  the 
cheaper  in^redienta,  sand,  gravel,  and  broken  stone.  Almost  any  common  U.  S.  cement,  if  of  good 
ftuUUjf.  will  with  1.5  or  2  measures  of  sand  give  a  mortar  strong  enough  for  most  engineering  pur- 
poses ;  but  a  good  Portland  will  give  one  equally  strong  with  3  or  4  meas  of  sand  i  and  will,  therefore, 
lie  equally  cheap  at  twice  the  price;  beside  requiring  the  handling,  storing,  and  testing  of  only  half 
the  number  of  barrel*. 

After  what  has  been  safd  It  is  plain  that  great  latitude  must  be  allowed  in  attempting  to  prepare  a 
table  of  approximate  average  strengths.  The  writer  can  pretend  to  nothing  more  than  the  following, 
which  is  deduced  from  reliable  reports,  aided  by  a  few  experiments  of  hts  own  on  transverse  strengths, 
a  sommnry  of  which  last  forms  the  last  colamn. 

If  one  measure  of  oement  slightly  shaken  be  mixed  to  a  paste  with  about  .35  meas  of  water  if  a 
oonuaon  U.  3.  oement,  or  about  .40  meas  if  Portland,  in  the  shade,  and  in  a  temp  of  from  60°  to  90°, 
this  paste  will  occupy  about  .7  meas  if  common,  and  al>out  J66  if  Portland,  when  well  pressed  into 
wooden  moulds  by  the  fingers  (protected  from  corrosion  by  gloves  of  rubber  or  buckskin).  If  then 
alluwed  from  30  minutes  to  some  hours  (according  to  ita  setting  properties)  to  set;  then  removed  from 
the  moulds,  and  at  the  end  of  24  hours  total,  placed  in  water  of  the  above  limits  of  temp  for  7  days, 
and  broken  at  onoe  when  taken  from  the  water,  the  samples  will  generally  exhibit  about  the  following 
strengths.  Those  for  compression  are  supposed  to  be  cubes  ;  and  those  for  transverse  strength  in  the 
table  were  lieams  1  inch  square,  and  12  ins  clear  span,  loaded  at  the  center. 

*  See  «« Mr.  Eliot  €.  Clarke '%  p  678. 
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Table  A.   A  veni|ir«  Ultimate  Strenartim  of  neat  €eiii<»its  after 
6  days  ill  water,  and  broken  diivctly  from  the  water. 

Tensile.  lb«  |  Compres.  lbs  iCompres  tons  Trans  v.  1"  X 
persqin.         persqin.         per  sq  ft.     |l"Xlt'.fts. 

MOtoSSO    I  1400to240e       MtolM  » to  45 

ITOtoSTO       1100  to  1700        71  to  IW  26 

40to70»Oto46016to19  8to7 


Alt  below  the  lowest  of  tbese  should  be  r^eoted ;  the  nrerage  of  the  tabl*  maiy  be  eoasldered  fair; 

and  all  above  the  highest  superior.    After  only  24  honm  in  water  the 

HtretiKth  of  the  common  U.  S.  eemeots  averages  about  half  that  for  6  days,  but  with  coaiilderaMe 

▼ariations  both  ways.    In  like  manner  at  tbe  end  of  a  year  neat  Portlands 

average  from  1.5  to  3  tlmea  as  strong  as  in  6  days;  and  our  common  cements  f^om  2.5  to  3.5  time*. 

Tiie  London  board  of  woricA  require  that  Portlands  after  7  davs  in  water 

shall  have  at  least  35  fts  transverse,  and  350  B>s  tensile  strength.  Some  have  reqd  500  or  more  ten- 
sile to  break  them.    For  Portlands  the  writer  fbnnd  the  transTerse 

strengths  of  several  well  known  English  brands  moulded  as  before  dM«ribed,  to  be  26  to  40  lbs  artar  7 
lays  in  water;  National  PorUand  of  Kingston,  N.  T.,  40  and  46;  Baylor's  Portland  (only  2  trials)  St 

lbs.    ToepfTer,  Orawlts,  A  Co,  of  Stettin,  Germany,  warrant  all  their 

Portland  (known  as  the  "  Stern  "  brand)  equal  to  560  Ibe  tensile  after  7  days  In  water.  Some  of  it  ham 
borue  760  lbs. 

Mr.  J.  Herbert  Sbedd,  as  Engineer  of  the  Water  Works  and  Sewers  of 

Providence,  R.  I.,  r^ected  all  Rosendale  which  when  mixed  to  a  stiff  paste,  and  allowed  80  min  In  air 
to  set,  and  then  put  into  water  for  only  24  boars,  broke  with  less  tension  than  70  Sm.  At  fhvt  1m 
found  some  that  broke  with  10  to  15  lbs;  some  that  would  not  set  at  all  in  water:  and  but  little  tliat 
bore  30  lbs.    Now  samples  frequently  bear  100  lbs  or  more;  but  that  usually  sold  still  rarely  ezeeeda 

40  to  50,  and  frequently  scarce  half  as  much.  Tbe  Sewer  l>epartnient  of 
St.  Ijonis.  Missouri,  requires  all  Louisville,  Kentucky,  cement  to  bear  at  leaat 

40  lbs  tensile  after  24  hours  in  water.    Some  of  it  now  shows  as  high  as  100  or  more;  and  60  or  70 
would  have  tteeu  adopted  as  the  mininnra,  but  for  the  fear  that  it  would  have  ea 
of  too  quick  setting  cement.    If  oat  of  that  sold  will  probably  not  exceed  30  lbs. 

Art.  9.  Cement  mortar  is  cement  mixed  with  water  and  sand  only. 
The  writer  found  that  fbr  making  cement  pastes  of  about  equal  eonslHtenry  and  fit  for  mortar  by 
themselves,  the  BugliMh  Portlands,  slightly  shaken  in  the  measure,  reauired  an  average  of  abooi  .4 
of  their  own  bulk  of  water;  and  tbe  U.  9.  common  cements  about  .35.  Tbe  Portland  pastes  when 
thoroughly  mixra  and  slightly  pressed  by  band  into  a  box  shrank  about  one-eighth  of  their  bulk  as 
dry  shaken  cement:  and  tbe  others  about  one- fourth ;  or  in  other  words  the  common  U.  8.  cements 
shrink  about  twice  as  fhoch  as  the  Portlands ;  and  these  are  about  the  proper  proporiiona  to  asanma 
in  estimating  the  quantity  of  cement  for  theoreticaltjf  filling  tbe  voids  in  sand. 

Bnt  wben  sand  is  added«  more  water  is  reqd.    It  is  impossible  to  lay 

down  rules  for  all  cases,  bnt  as  a  very  rough  average,  mortar  will  require  an  addition  equal  to  abeai 
.2  of  the  bulk  of  dry  sand ;  varying  of  course  with  tbe  weather,  fto.  Trial  on  the  work  in  hand  ia 
belter  than  rules. 

Any  addition  of  sand  weakens  eement^  eepeoially  as  regards  ten- 
sion ;  as  it  does  also  lime  mortar.  Bnteoonomy  requires  its  use.  Sand  also  retards  tbe  seuing,  •• 
that  cement  which  by  itxelf  would  set  in  half  an  ho«r,  may  not  do  ao  for  aome  daya  if  mixed  with  a 
large  pronortion  of  sand.    This  weakening  effect  will  of  course  vary  with  different  eemenu,  and  with 

many  circumstances  inferable  from  Art.  7,  ttc.    As  a  ronieb  averaice  the 

following  is  perhaps  not  far  from  the  truth  as  regards  either  tensile  or  transverse  strength  when  noi 
rammed.    See  p  682. 
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Tensile  Streniptb  of  Cement  Mortars,* 

of  medium  coarse  sea^beach  sand,  and  goo<1  Rosendale,  and  English  Portland  ce- 
menta;  being  averages  of  about  26000  experiments  in  the  years  1878  to  1882.  The 
area  of  breaking  section  was  2.25  sq  ins.  The  proportions  of  sand  and  cement  were 
by  measure.  The  mortar  wus  rammed  into  the  moulds,  and  the  specimens  were 
immersed  iu  water  as  suon  as  they  would  bear  handling,  and  so  remained  for  1  day, 
or  1  week,  or  for  I,  6,  or  12  months.    The  streugtbs  are  in  lbs  per  sq  Incb. 

•  Prom  experiments  tiy  Mr.  Eliot  C.  Clarke,  C.  E ;  of  Boston.    Bee  also  p  678. 
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Neat. 

Rosendale. 

Cement  1.       Sand  1.      | 

Cement  1. 

Sand  1.5. 

IDJIW. 

lis. 

145 

6M. 

282 

IT. 

290 

IW. 

IH. 

6M. 

IT. 

IW. 

IM. 

6M.  1  1  Y. 

71  1  92 

56 

116 

180 

236 

41 

90 

136 

210 

Cement  1.     Suid  2. 

Cement  1.       Sand  3. 

Cement  1. 

Sand  5. 

22     49    105   160 

12        25         65        121 

1    ^® 

36     1     80 

Portland. 

Neat. 

Cement  1.       Sand  1. 

Cement  1. 

Sand  1.6. 

102    303  1  412  1  4681 194 

160       225    1   347       387 

1 

Cement  1.     Sand  2. 

Cement  1.       Sand  3. 

Cement  1. 

Sand  5. 

|l26    163  1  279    323 

95     1    130    1    198       257 

55     1    78    1 

116   1    145 

The  crnsblng;  stretiC'tli.  Fur  each  proportion  of  sand  we  may  take  tlie 
■trength  preceding  it  in  the  table,  p  676.  Moreover  tb«  orunbing  straogtb  with  smd  isereMM  vith 
age  mucb  more  rapidij  th«a  tbe  teasile ;  and  tbe  more  so  tbe  greater  the  proportion  of  Baud. 

As  a  general  rale  with  eements  of  good  quality  we  staall  bare  mortars  lit  for  most  engineering  pur< 
poses  if  we  do  not  exoeed  from  1  to  1^  measures  of  dry  sand  to  1  of  tbe  common  cemoits ;  or  from  2 
to  3  of  snnd  to  1  of  Portland. 

Tlie  fsheariuic  fltrenfftli  of  neat  cements  averages  about  one-fourth  of  the 

tenfile. 

The  aflhesion  of  cements  to  brlrks  or  ron^rh  rnbble.  ntdif* 

ferent  ages,  and  whether  neat  or  with  sand,  may  probably  be  taken  at  an  ai'erage  of  ^boui  three- 
fourths  of  the  cohesive  or  tensile  strength  of  tbe  cement  or  mortar  at  tbe  Miae  age.  If  tb«  bricks  ainl 
■tone  are  moist  and  entirely  free  from  dust  when  laid,  tbe  adbesinn  is  inoreaMu) }  whereas  if  very  dry 
and  dusty,  especially  in  hot  weather,  it  may  be  reduced  almost  to  0.  Tbe  adhesion  to  very  bard, 
smooth  bricks,  or  tn  finely  dressed  or  sawed  masonry  is  less. 

The  voids  in  sand  of  pure  quartz  like  that  found  on  most  of  our  sea- 
shores, when  perfectly  dry  and  loose,  occupy  from  .80t  of  tbe  mass  in  sand  weighing  Y15  fts  per  cub  ft, 
to  .515  in  that  weighing  80  lbs.  Usually,  however,  such  dry  sand  weiehs  say  from  105  lbs  with  voids  of 
.flM :  to  95  lbs,  with  voids  .4*^4 ;  tbe  mean  being  100  Om,  with  voids  .394.*  But  the  wet  sand  in  mortar 
oocupies  about  from  5  to  7  per  cent  less  space  than  when  dry  ;  tbe  shrinkage  averaging  say  6  per  ut 
or  ']V  Pi^i^  •  (bus  mnking  tbe  voids  .304  of  the  105  lb  sand  when  wet ;  and  .364  of  the  95  lb  ;  tbe  mean 
of  which  is  .834.  But  to  allow  for  imperfect  mixing,  &c,  it  is  better  to  asi-xunie  the  voids  at  .4  of  tbe 
dry  sand.  Moreover,  since  the  cements,  as  before  stated,  shrink  more  or  less  when  mixed  with  water, 
and  worked  up  into  mortar,  it  would  be  ae  well  to  assume  that  to  make  suSioient  paste  to  thoroughly 
fill  tbe  voids,  we  should  not  vse  a  less  volume  of  dry  eommen  cement,  3ligbUy  shitk9n>  than  half  the 

bulk  of  the  dry  sand ;  or  than  .45  of  the  bulk  if  Portland.  The  bulk  of  the 
mlxe^l  mortar  will  then  be  about  equal  to  or  a  trifle  less  thaii  that  of  tbe  dry 

sand  alone. 

The  best  sand  is  that  with  grains  of  very  uneven  sizes,  and  sharp.    The 

more  uneven  the  sizes  tbe  smaller  are  the  voids,  and  tbe  heavier  is  tbe  sand.  It  abuuld  be  well 
washed  if  it  contains  clay  or  mud,  for  these  are  very  injurious  to  morur  or  concrete. 

*  If  irrcf^ter  aecnracy  is  desired  pour  into  a  graduated  cylindrical 

Bcasarfug-gUss  100  measaNsof  dry  «nitd»  Pour  this  oat,  and  All  tbe  glass  ap  to  CO  measures  with 
water.  Into  this  sprinkle  slowly  the  same  100  measures  of  dry  sand.  These 
will  now  be  found  to  fill  the  glass  onlv  to  say  94  measures,  having  shrunk  say  6  per  et;  while  the 
water  will  reach  to  say  121  measures :  of  which  121^94—27  measures  will  be  above  tbe  Kaud ;  leaving 
60—27  =  33  measures  filling  the  voids  in  94  measures  of  wet  sand;  showing  the  voids  in  the  wet  sand 

to  be  II  =  .351  of  the  wet  mass.    If  the  sand  Is  poured  into  the  water 

hastily,  air  is  carried  in  with  it,  tbe  voids  will  »ot  be  filled,  and  the  result  will  be  qnl«B  different. 

Since  a  eubie  foot  of  pnre  quartz  weighs  165  lbs,  it  follows  that 

if  we  weigh  a  cubic  foot  of  pure  dry  sand  either  loose  or  ranimed7  then  as  165  is  to  the  wt  found,  so  is 
1  to  tbe  solid  part  of  the  sand.  And  if  this  solid  part  be  subtracted  from  1,  the  remainder  will  be  the 
voids,  as  below. 

Wt  tn  lbs  per  enb  ft  dry      80       85       90       95     100     105     110     115 
Proportion  of  solid  .485     .515     .546     .576     .606     .6:^6     .667     .697 

Proportion  of  voids  .515     .486     .454     .424     .394     .364     .333     .308 
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Tbfroominon  (not  Portland)  oement«,  wh«n  u»ed  ai  mortar  for  brickwork,  often  dlfflgnreit.  c*P«5l- 

Rlly  near  sea  coasts,  and  in  damp  climates,  by  white  elllore»cence«  which 

•otnetlmea  «pf«ad  o»er  the  entire  expoiied  face  of  the  work,  and  also  injure  the  brteka.  This  al«e 
occiira  in  stone  masonrj.  but  to  a  much  less  extent,  and  is  confined  to  the  mortar  Joints ,  and  injures 
onlj  porous  stone.  It  is  usuallj  a  hydrous  carboaate  of  soda  or  of  potash  often  containing  other  salts* 
Gen'l  Oillmore  recommends  as  a  preventive  to  add  to  everr  SOO  lbs  (1  barrel)  of  the  cement  powder, 
100  lbs  of  quicklime,  and  firom  8  to  12  lbs  of  any  cheap  animal  fst.  The  fat  to  be  well  incorporated 
with  the  quioltlime  before  slacking  it  preparatory  to  adding  it  to  the  cement.  This  addition  will  re- 
tard the  setting,  and  somewhat  dimini«h  the  strength  of  the  cement.  It  is  also  said  by  others  that 
linseed  oil  at  the  rate  of  3  gallons  to  300  lbs  of  dry  cement,  either  with  or  without  lime,  will  In  all 
exposures  prevent  efiBoresoenoe,  but  like  the  fat  it  greatly  reUrda  setting,  and  weakens.  See  also  p 
«i73. 

Mr.  Eltot  C  Clarke,  to  whom  we  are  already  indebted  for  tables  on  pp  677 
and  682,  has  pablished,  in  Trans  Am  Soc  C  E  April  1885,  tlie  results  of  a  series  of  ex- 
periments made  for  the  Boston  Main  Drainage  Works.  From  his  paper  we  condense 
as  follows,  by  permission.  - 

Variations  in  sbfMle  »»  a  gioen  kind  of  cement  may  indicate  difTs  in  the  character 
of  the  rock  or  degree  of  burning.  Thus,  with  Rosendale,  a  light  color  generally  in- 
cated  an  inferior  or  under-bum«l  rock.  A  coarse-ground  cement,  light  in  color  and 
weight,  would  be  viewed  with  suspicion. 

Finer  sieves  than  No  50  (abont  50  meshes  to  the  lineal  inch)  should  be  used. 
No  120  a20  meshes)  was  used  in  the  experiments. 

The  highest  strength  was  obtained  by  the  use  of  just  enongph  WMter  to  tiior- 
oughly  dampen  the  cement.  An  excess  of  water  retards  setting.  American  cements 
needed  more  water  than  Portland ;  fine-ground  more  than  coarse;  quick-setting  more 
than  slow.  Neat  Rosendale,  a  year  old,  was  strongest  Mith  35  per  cent  water.  Neat 
Portland,  same  age,  with  20  per  cent 

Tlie  finer  tiie  sand,  the  lees  is  the  strength. 

Salt,  either  in  the  water  used  for  mixing,  or  in  that  in  which  the  cement  is  laid, 
retards  setting  8(Mnewhat,  but  has  no  important  effect  upon  the  strength. 

Adding  elay  gives  a  much  more  dense,  plastic,  water-tight  paste,*  useful  for  plas* 
ter  or  for  stopping  leaks.  Half  a  part  of  clay  did  not  seem  to  weaken  mortar  mate- 
rially, except  in  tlie  case  of  sample  blocks  exposed  to  the  weather  for  2^  years  after 
a  week's  hardening  in  water. 

A  year's  saturation  in  fresh  or  salt  water,  and  in  contact  with  oak,  kard 
pine,  white  pine,  sprnee  or  a«k,  did  not  affect  the  mortars. 

With  sand,  fine^ronnd  cements  make  the  strongest  mortar;  but  when  tested 
n'^At,  coarse-grronnti  cements  are  strongest.  Th^  is  especially  the  case  with 
Portlands. 

Good  ro.<mlt8  were  obtained  from  mixingr  eements.  A  mortar  of  half  a  part 
each  of  Rosondale  and  Portland,  and  two  parts  sand,  was  stronger,  at  I  wk.  1  mo,  6 
mos  and  1  year,  than  the  average  of  two  mortars,  one  of  1  part  Rosendale  and  one  of 
1  part  Portland ;  each  with  2  parts  sand.  Mixtures  of  Roman  (quick  setting)  and 
Portland  (slow)  set  about  as  quickly  as  Roman  alone,  and  were  much  stronger. 

Portland  resisted  abrasion  best  when  mixed  with  i  parts  sand ;  Rosendale 
with  I  part    A  little  more  or  less  sand  rapidly  reduced  the  resistance  in  both  cases. 

Cements  expand  in  setting: ;  but  not  more  than  1  part  in  1000  of  any  givm 
dimension. 

Art.  10.  Cement  concrete  or  Beton,  is  the  foregoing  cement  mortar 

mixod  with  gravel  or  broken  stone,  brick,  oyster  sttells,  fte,  or  with  all  together.  In  ooocrete  as  in 
mortar,  it  Is  advisable  on  the  score  of  strength  that  all  the  voids  be  fllled  or  more  than  filled.  Those 
rf  broken  stone  of  tolerablr  nniform  size  and  shape  are  about  .5  of  the  mass  ;  with  more  irregularity 
of  sise  and  shape  tbey  may  deoresse  to  .4.  Those  of  gravel  varv  like  those  of  sand,  aud  bad  like  it 
better  be  taken  at  .5  when  estimating  the  dry  cement.    We  shall  then  have  as  follows. 

For  1  cub  yd  of  concrete  of  stone^  gravel,  and  sand,  witbenl 
voids. 

1  cub  yd  broken  stone  with  .5  of  Its  balk  voids,  requiring  I  .5  cub  yd  gravel. 
0  5  cub  yd  gravel  ••    .5  •*  "  "  I  .25  cob  yd  sand. 

0.25  cub  yd  sand  "    .6  **  ••  "  '  .126  (or  H)  cub  yd  dry  oement. 

It  la  prob«M«  tluit  mlatakea  hsve  •••■rred  from  inadverteaily  assomlng  that  heeaosetV 
voids  in  a  broken  luass,  coiutitute  a  certain  proportion  of  the  bulk  of  said  mats ;  tberefbre,  theorigtasi 
■olid  had  swelled  in  only  that  same  proportion.  Thus,  if  a  solid  ooblo  yard  of  atone  be  broken  latosnaO 
Irregular  pieces,  which  have  ambng  themselves  about  the  same  proportions  of  large  and  small  ones,  sa 
asually  occurs  in  quarrying,  or  in  railroad  rock  cuttings ;  and  if  these  be  loosely  thrown  Into  a  heap, 
the  .n  of  this  heap,  or  rather  less  than  half  of  it,  will  be  voids.  But  it  does  not  follow,  therefore,  that 
the  original  solid  cub  yd  ttas  swelled  only  .47.  or  nearly  one-half,  or  raaJiBa  oohr  IM  oub  yds  of  broken 
stone :  although  many  young  engineers  would  probably  oonsidfer  thla  a  very  ftiU  allovasoe ;  and  woaM 
suppose  that  they  were  quite  just  to  the  company.  If  they  counted  for  tne  iMhtraetor  one  adidnri 
of  excavation  for  every  I  Hi  yds  of  fragments.  Now,  it  is  plain  thatif  .41  ^t  tkebMken  heap  are  voids, 
thn  remaining  .&S  must  he  stone.  Rut  these  .53  constituted  the  original  solid  cubic  vard :  and  tlwy 
still  remain  equal  to  it  in  actual  solidity.  Hence  we  must  say  as  follows :  If  .53  of  the  broken  mass 
■Mxsupies  one  cub  yd  of  actual  space,  how  much  space  will  the  whole  mass  ooonpy ;  or, 
Of  the  Cub  yd  Rntlre  Cub  yds 

broken  mass.       of  spaoe.        broken  mass.  of  space. 

.58         ;  1  II  I  .  )igitizc|(i^V^yMxl^ 
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Henee,  w«  see  that  a  solid  oob  yd  of  stoo*.  wh«n  so  broken,  swells  to  1 .9,  or  nearly  2  cub  yds ;  and 
hence  a  proper  allowance  to  a  contractor,  would  be  1  cub  yd  solid,  for  every  1.9  cab  yds  of  pieces ;  or 
tbe  yds  of  pieces  must  be  divided  by  1.9  for  the  solid  yards. 

If  we  know  that  a  cubic  yard  of  any  stone,  breaks  to,  say  1.9  yds,  then  to  find  the  proportions  of 
voids,  and  solid,  in  the  broken  mass,  proceed  thus :  The  solid  part  of  the  broken  mass  must  occupj  1 
cub  yd  of  space;  and  the  question  is  what  part  of  1.9  yds  does  this  1  yd  constitute.    The  answer  U 

—  =:  ,53 ;  therefore,  53  hundredths  of  the  broken  mass  Is  solid ;  and  of  coarse  the  remaining  47  hun- 
dredths are  voids. 

ir  a  oabie  foot  solid  weighs  N  lbs ;  but  when  broken  np,  or  gronnd,  only  n  lbs  per  eub  ft,  then  n 
divided  by  N,  will  be  the  proportion  of  solid  in  the  broken  mass. 

If  ibe  broken  stone  is  loosely  piled  up,  it  will  occupy  a  little  less  space,  say  about  1.8  cub  yds ;  in 
which  case  the  voids  will  be  .44 ;  and  the  solid,  .56  of  the  mass.  We  will  here  venture  to  express  our 
doubts  whether  hard  rock  when  blasted  and  made  into  embankment,  settles  to  lets  than  1%  vds  for 
every  solid  yd.  Mr  Rllwood  Morris  gives  as  the  result  of  certain  embankment  of  hard  sandstone, 
made  under  his  supervisioti.  an  increase  of  bulk  of  vV;  or  in  other  words,  that  I  onb  yd  of  rook  in 
place,  made  l-^*  or  1.417  yds  of  eqibankment.  This  corresponds  to  very  nearly  .7  solid ;  and  ..1 
voids ;  while  Ifi  yds  to  1  solid,  corresponds  to  .6  solid;  and  .4  voids.  The  rough  sides  of  rock  excava- 
tions, make  it  difficult  to  measure  them  with  accuracy ;  and  we  cannot  but  suspect  that  something 
of  this  kind  has  interfered  with  ttw  resulu  obtained  by  Mr  Morris.  He,  however,  may  be  right,  and 
we  wrong. 

By  some  careful  experiments  of  oar  own,  an  ordinary  pure  sand  ft*ora  the  sea  shore,  perfectly  dry, 
and  loose,  weighed  97 -Bs  per  eub  ft;  and  its  voids  were  .41^  and  the  solid  .59 of  the  mass.  By  thorough 
shaking,  and  jarring,  it  could  be  settled  the  .1.SS3  part,  (halfway  between  1,  and  H,)  and  no  more. 
It  then  weighed  112  lbs  per  cub  ft;  and  its  voids  were  then  .S3;  and  the  sOHd.  .68  of  the  mass. 

Another  pure  quartz  snnd.  of  much  finer  grain,  perfectly  dry  and  loose,  weighed  but  88  fts  per  eub 
ft:  the  voids  were  .460;  and  the  solid  .5.34  of  the  mass.  By  thorongh  shaking  and  Jarring  it  oould 
be  reduced;  like  the  former,  onlv  the  .1333  part:  it  then  weisrhed  101.6  fts  per  cub  ft;  and  its  voids 
were  .384 ;  and  the  solid  ;6i6.  Another,  consisting  df  the  Ineat  sifted  grains,  of  the  last,  weighed  82 
IbM  per  cub  ft ;  so  that  its  voids,  and  solid,  each  were  very  nearly  .5  of  the  mass.  This  could  be  com- 
pacted about  H  part;  and  then  weighed  98^  lbs  per  cub  ft. 

The  first,  or  coarsest  ef  these  BtmAf*.  when  quite  meist.  bnt  not  wet,  perfectly  loose,  weighed  but  86 
lbs  per  cub  ft;  or  II  lbs  less  than  when  drv.  It  could  be  rammed  in  thin  layers,  until  it  settled  one- 
fifth  part ;  and  then  weighed  I07K  Ok"  per' cub  ft.    Voids  .348.    solid  .652. 

The  second  sand,  simllarlv  moist  and  loose,  weighed  but  69  lbs  per  cub  ft :  or  19  lbs  less  than  when 
dry.  It  could  be  rammed  in  thin  layers,  until  it  settled  ^  part ;  and  then  weighed  108>^,0>8  per  e«b 
ft.   Voids  .378,    solid  .627. 

None  of  these  sands  when  dry,  and  loose,  if  poured  genUy  into  water  to  a  depth  of  15  inches,  set- 
tied  more  titan  about one-Bfteenth  part;  the  ooarsest  one,  considerably  less. 

Here  the  .1^  eub  yd  of  dry  ceiueni  constitutes  one-eighth  of  the  single  mass ;  or  one-fifteenth  of 
all  the  dry  ingredienu  aa  measured  separately. 

For  1  eub  yd  of  concrete  of  broken  stone  and  M%nd  wUbont 

voi«la. 

1  cub  yd  broken  stone,  with  .5  of  iu  btik  voids  requiring  I  .6  cub  yd  sand. 
.5  cub  yard  sand,  "    .5  "  "       "  "        j  .25  cub  yd  dry  oement. 

The  strenfTtb  ofc^oncrete  is  affected  by  the  quality  of  the  broken  stone, 

as  well  as  by  that  of  the  oement,  the  degree  of  ramming,  fte.  Cubes  of  either  of  the  above  with  Port< 
land,  as  well  as  one  composed  of  1  meas  of  good  Portland  to  5  of  sand  only,  well  made,  and  rammed, 
should  either  in  air  or  in  water  require  to  crush  them  at  diflbrent  ages,  not  U»»  than  about  aa  foUowa. 

Affre  in  months 1  3  6  9        12 

Tons  per  sq  ft 15  40  65  85         100 

Under  favorable  conditions  of  materials,  workmanship  and  weather,  the  strengths  may  be  flrom  50 
to  100  per  ot  greater.    For  tnuuverae  atr^iu^  aa  beams  see  p  682. 
If  not  rHmmed  the  strength  will  average  about  one-third  part  less. 
With  eommon  V.  S.  cements,  if  of  good  quality  from  .2  to  .3  of  the 

strength  of  Portland  concrete  may  be  had. 

Slow  settinis:  cements  nre  best  for  concrete,  especially  when  to  be 

rammed. 

It  may  not  be  amiss  to  state  here  that  when  masonry  Is  backed  by 

concrete  the  two  are  liable  in  time  to  crack  apart  from  unequal  settlement, 
especially  if  the  ramming  has  not  been  thorough;  also  that  in  variable  climates 
cast  iron  cylinders  filled  with  concret-e  are  frequently  split  horizon- 
tally by  unequal  expansion  and  oontraotion.  In  such  structures  it  is  safest  to  consider  theojls  aa 
mere  moulds  for  the  concrete:  and  to  depend  upon -the  last  only  for  sustaining  the  load. 

The  concrete  for  the  New  York  City  docks  consists  of  1  measure 

of  either  English  or  Saylor's  Portland.  2  of  sand,  5  of  broken  stone  (hard  trap).  That  made  of  Eng- 
lish Portland,  after  drying  a  few  days,  and  then  being  immersed  6  weeks,  required  about  80  tons  per 
sq  ii  to  crush  it.  Saylor's  would  probably  require  the  same.  At  the  JHissis- 
slppi  Jetties,  (see  "South  Pass  Jetties"  by  Max  E.  Schmidt,  C.  E.,  Trans  Am 

Boo  C  R,  Aug  1879)  Saylor's  Portland  1 ;  sand  2.76;  gravel  1.46;  broken  stone  5. 

In  the  foundations  of  the  WAShin«s:ton  Monnment  at  Washington,  D.C., 

(1880)  English  Portland  (J.  B.  White  &  Bros)  1 ;  sand  2 ;  gravel  3 ;  broken  stone  4;  and  according  to 

a  Govt.  Report,  has  a  crushing  strength  of  155  tons  persq  ft  when  7^  months  old. 
At  Croton  nam,  N.  Y.,  (1870>  Rosendate  I;  sand  2;  broken  stone  4.5.    Some 

at  the  same  work,  and  deposited  under  water,  bad  6  meas  of  stone:  and  at  the  end  of  a  re^  bad  be- 
come so  bard  that  it  was  found  necessary  to  drill  and  blast  a  portion  that  had  to  be  removea. 
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liime  witb  cement  weakens  all  of  them,  but  General  Q.  A.  Gillmore,  our 

beet  authority,  repeatedly  auies  that  even  in  important  concrete  work  in  either  the  air  or  water.  (pro- 
Tided  the  water  doe*  not  come  into  contact  with  it  antil  aeUing  takes  place),  from  .25  to  even  .5  of  the 
neat  cement  paste  of  the  U.  S.  common  cements  may  be  replaced  by  lime  pa«te  without  serious  dimi- 
nution of  either  streagih  or  hydraulicity ;  and  with  decided  economy.  It  retards  the  setting  which 
Is  often  of  great  advantage,  especially  with  quick  setting  cemenu  which  at  times  cannot  on  that  ae- 
count  be  advantageooaly  used  without  some  lima. 

Moulded  blocks  of  Portland  concrete  of  even  50  tons  wt  can  generally  be 

handled  and  removed  to  their  places  in  from  1  to  2  weeks. 

Rutiiminfr  of  concrete,  when  properly  done,  consolidates  the  mass 'about 

5  or  6  per  ot,  rendering  it  less  porous,  and  very  materially  stronger.  The  rammers  are  like  those 
used  in  street  paving,  of  wood,  about  4  ft  long,  6  to  8  ins  diam  at  foot  with  a  lifting  handle,  and  shod 
with  iron:  weight  about  86  lbs.  Tbev  are  let  fall  6  or  8  ins.  The  men  using  them,  if  sundiog 
on  the  concrete,  should  wear  indJa-mbber  boots  to  preserve  their  feet  fk-om  corrosion  by  the  cement 

RHinmlnip  CAnnot  be  done  under  water,  except  partially,  when  the 

concrete  is  enclosed  in  bags.  A  rake  may,  however,  be  used  gently  for  levelling  concrete  underwater. 

Blf%ke*s  Stone  Crnsher  (Co,  New  Haven,  Connecticut),  is  useful  for 

breaking  the  stone  more  cheaply  than  by  hand  on  a  large  work.    The  two  sixes  best  adapted  to  this 

Surpose  coat  about  |900  and  yitOO;  break  6  to  7  cub  yds  per  hour :  and  require  steam-engine  af  about 
to  10  horse  power  to  run  them  properly.  According  to  Mr.  J.  J.  R.  Croea,  C.  E.  (see  *'  Constmotiou 
of  Croton  Dam,"  Trans.  Am.  Snc.  C.  B.,  Feb,  1875).  a  machine  will  require  about  aa  follows:  1 
engine  man.  1  or  2  men  to  break  the  larger  stones  to  a  site  that  will  enter  the  maehtne,  1  driver  to 
horse-cart,  1  man  to  feed  the  stone  into  the  machine,  <  to  keep  htm  sappllad  with  atoae,  1  at  the 
■ereen,  3  wheeling  away  the  broken  stone  to  the  stone-heap,  1  or  2  to  receive  U  at  the  heap.    Say  10 

or  12  men  in  all.  The  sise  of  tbe  broken  stone  for  concrete  is  gen- 
erally specified  not  to  exceed  about  2  ins  on  any  edge :  but  If  it  is  well  freed  from  dust  bj  screening  or 
washing,  all  sites  from  .5  to  4  km*  on  any  edge  maj  be  used,  care  being  taken  that  the  other  ingfiedi- 
ents  completely  fill  the  vt^ds. 

Concrete  is  ffood  for  brinirttiK  np  an  uneven  fonndation  to 
a  level  before  starting  the  masonry.  By  this  means  the  number  <Mf  horizontal 
joints  in  the  masonry  is  equalized,  and  unequal  settlement  is  thereby  prevented. 

Concrete  may  readily  be  deposited  under  water  in  the  usual 

way  of  lowering  it.  noon  after  it  Is  mixed,  in  a  V  shaped  box  of  wood  or  plate-iron,  with  a  lid  that 
may  be  dosed  while  the  box  descends.  The  lid  however  is  often  omitted,  ma  box  is  ao  arraaged 
tkat  on  reaohing  bottom  a  pin  may  be  drawn  out  by  a  string  reaching  to  the  snrfeee,  thva  permitiug 
one  of  the  sloping  sides  to  swing  open  below,  and  allow  tbe  concrete  to  fan  oot.  Tbe  box  is  theo 
rained  to  be  refilled.  In  large  workji  the  box  may  contain  a  cubic  yard  or  more,  and  should  be  sns- 
peuded  from  a  travelling  crane,  by  which  it  can  readilv  be  brought  over  any  required  spot  in  tbe 
work.  The  concrete  may  if  necessary  be  gently  levelled  by  a  rake  soon  after  it  leaves  the  box.  Its 
cniiaiatencv  and  strength  will  of  cour!«e  be  Impaired  by  falling  through  the  water  from  the  box :  and 
moreover  it  cannot  be  rammed  under  water  without  still  greater  li^nry.  Still,  if  good  li  wfil  in  doe 
time  bMom«  sufBciently  strong  for  all  engijieeriiig  purposes.  Concrete  has  been  safelj  deposited  la 
the  above  manner  in  depths  of  SO  ft.     ' 

The  Tremie,  sometimes  used  for  depositing  concrete  under  water,  is  a  box 

of  wood  or  of  plate  iron,  round  or  sqaara,  and  open  at  top  and  botcom ;  and  of  a  length  suited  to  the 
depth  of  water.  It  may  be  about  18  ins  diam.  Its  top,  wbioh  it  always  kept  above  water,  is  hopper- 
shaped,  for  receiving  the  concrete  more  readily.  It  is  moved  laterally  and  vertioally  by  a  travelling 
oraue  or  other  device  salted  to  tbe  case.  Its  lower  end  rests  eo  thexiver  bottDSft,  or  en  the  deposited 
concrete.  In  oomraencing  operations,  its  lower  end  resting  on  the  river  bottom,  it  is  first  entirely 
filled  with  concrete,  which  (to  prevent  its  being  washed  to  pieces  by  falling  through  the  water  In  the 
tremie)  is  lowered  in  a  ojrlindrleal  tub,  witb  a  bottom  somewhat  like  the  box  before  described,  which 
can  be  opened  when  it  arrives  at  its  proper  place.  After  being  filled  it  is  kept  so  by  throwing  flresh 
concrete  Into  tbe  hopper  td  supply  the  phtce  of  that  which  gradually  IWls  ont  below,  as  tbe  tremie  is 
lifted  a  little  to  allow  it  to  do  so.  Tbe  wi  of  the  filled  tremie  oon^[)aou  tbe  ooacrete  as  it  is  deposited. 
A  tremie  had  better  widen  out  downwards,  to  allow  the  concrete  to  fall  out  more  readily.  See  "  GIU> 
more  on  Cements." 

The  area  npon  which  It  Is  deposited  roust  previously  be  surrounded 

by  some  kind  of  enclosure,  to  prevent  the  concrete  from  spreading  beyond  its  proper  limits ;  and  to 
serve  as  a  mould  to  give  it  its  intended  shape.  This  eDolosnre  must  be  so  strong  that  iu  aides  may 
not  be  bulged  outwardii  by  the  weight  of  the  concrete.  It  will  usually  be  a  close  crib  of  timber  or 
plHte-irnn  without  a  bottom;  and  will  remain  after  the  work  is  done.  If  of  timber  it  may  require  aa 
outer  row  of  cells,  to  be  filled  with  stone  or  gravel  for  sinking  it  into  place.  Care  must  be  taken  to 
prevent  the  escape  of  the  concrete  through  open  spaces  under  the  sides  of  tbe  crib  or  enclosure.  To 
this  end  the  crib  may  be  scribed  to  suit  tbe  inequalities  of  the  bottom  when  the  latter  cannot  readily 
be  levelled  off.  Or  luside  sheet  piles  will  be  better  In  some  eases ;  or  an  enter  or  inner  broad  flap  of 
Urpaulin  may  be  fastened  all  around  the  lower  edge  of  the  orib,  and  be  weighl«d  with  stone  or  gravel 
to  keep  it  in  place  on  the  bottom.  Broken  stone  or  gravel  or  even  earth  (tJie  last  two  where  there  Is 
no  current)  heaped  ap  outside  of  a  weak  orib  will  prevent  the  bulging  outwards  of  its  sides  by  the 
pressure  of  the  concrete.  After  the  concrete  has  been  carried  up  to  within  some  feet  of  low  water, 
and  levelled  off,  the  masonry  may  be  started  upon  it  by  means  of  a  caisson  (page  6-16) ;  or  by  men  In 
diving  dresses.  Or  if  the  concrete  reaches  v6ry  nearly  to  low  water,  a  flnst  deep  course  of  stone  may 
be  laid  and  tbe  work  thus  brought  at  once  above  low  water  without  any  such  aids. 

The  concrete  should  extend  out  from  2  to  5  feet  (according  to 

the  case)  beyond  the  base  of  the  masonry.     All  NOfft  niU<i  shOUld  be  removed 

before  depositing  concrete.  Ba«rS  partly  flllcd  With  Concrete,  and  merely  thrown 
into  the  water  may  be  useful  in  certain  oases.  If  tbe  texture  of  the  bags  is  slightly  open,  a  portion 
of  the  cement  will  ooze  out.  and  bind  the  whole  Into  a  tolerably  compnct  mass.  Such  bags,  by  tbe  aid 
of  divers,  may  be  employed  for  stopping  leaks,  underpinning,  and  various  other  pnrpooas.  tliat  mav 
•"Kcst  themselves.    Such  bags  may  be  rammed  to  some  extent. 

..  ^Arpaulln  may  be  spread  over  deep  seams  in  r<N*.k  to  prevent 
toe  loss  of  concrete;  and  In  some  oases,  to  prevent  it  from  being  wMbed  away  by  springs. 
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There  Is  mnc^  roMn  Cor  Jw^ntent  ia  .tbe  vukxu  appUcations  of 

coucreie ;  especially  uuder  water. 

Concrete  bns  been  used  in  very  l^rftre  masses;  as  In  the  founda- 
tion of  a  irraTtng  dook  at  Toaloo,  Franoe:  where  it  was  deposited  to  a  thickuess  of  15  feet,  over  an 
»rea  oT  400  ft  by  100  ft;  rorniiog.  as  it  were,  a  single  artificial  stone  of  that  sice.  It  was  deposited 
under  water:  an  immense  mould  having  first  been  prepared  for  its  reception,  bv  enoiosing  the  area 
with  elote  piling,  lined  inside  with  Urpaulin.  On  top  of  (his  foundation  were  similarly  built,  likewise 
ouder  water,  the  sides  of  the  dock ;  inside  of  great  boxes,  or  enclosures  of  timber,  couforming  to  the 
ahape.  The  last  d/sposits  of  concrete  were  then  faced  with  masonry.  Walls  of  buildings  are  aUo  fre- 
quently built  of  cement  ooaorete  deposited  between  planks  as  a  moald ;  and  which  are  moved  upward 
au  the  building  goes  on.  Flues  may  be  made  in  these  walls  by  ramming  oonei-ete  around  a  tube,  which 
can  afterwards  be  lifted  out;  and  be  used  for  the  next  course  above.  The 
donte  of  tbe  Pantheon,  at  Rome,  142  ft  diam,  and  now  nearly  2000  years 
old.  is  of  concrete.    The  R.  R.  viaauct«  Pont  Xapoleou,  and  Pont 

d'Alma,  at  Paris,  have  arches  of  11^  and  141  feet  span,  of  concrete. 

urith  regard  to  the  mixing  of  concrete,  Oen  GiUmore  gives  the 

method  pursued  and  described  by  Lieut  Wright.  The  gravel  and  pebbles  being  first  separated  by 
screening,  into  different  sizes,  "  the  concrete  was  prepared  by  spreadiog  out  tbe  gravel  on  a  platform 
of  rough  boards,  in  a  layer  from  8  to  12  ins  chick ;  the  smaller  pebbles  at  the  bottom,  and  the  larger 
ones  on  top.  The  mortar  was  then  spread  over  the  gravel  as  uniformly  as  possible.  The  materials 
were  iheu  mixed  by  4  men  :  2  with  shovels,  and  2  with  hoes ;  the  former-facing  eaoh  other,  and  always 
working  from  the  outside  of  the  heap,  to  the  center.  They  then  went  back  to  the  outside,  and  re- 
peated this  operation,  until  the  whole  mass  was  turned.  The  meu  with  hoes  worked  each  in  ooa junc- 
tion with  «  shoveller,  and  were  required  to  rub  eoe*  •trnveHfuttoeU  iMo  the  nOrtar,  as  it  was  turned 
and  spread,  or  rather  scattered  on  the  platform  by  a  jerking  motion.  Tbe  heap  was  tarned  over  a 
second  time,  in  the  same  manner,  but  in  the  opposite  direceiou  ;  and  the  ingredieots  were  thus  thor- 
.oughly  Incorporated ;  the  surface  of  every  pebble  beiug  well  covered  with  mortar.  Two  turuiaga 
usually  anffioed,  and  tht  concrete  was  then  carried  to  the  fouiidation  in  which  it  was  to  be  used.  The 
suceeas  of  the  operation  depends,  however,  entirely  upon  tlie  proiier  managemeut  of  the  hoe  and 
sborel ;  and  although  ChU  may  be  easily  ieariied  by  the  laborer,  yet  he  seldom  acquires  it  toithotU  the 
particular  attention  of  tbe  o-erseer."    It  is  bard  work.  r 

Or  simple  machinery  is  sonietim<M«  employed  for  incorporat- 
ing the  ingredients  of  concrete,  when  large  quantities  are  required.  A  machine  that  has  been  much 
uaed  successfully  in  Germany,  consists  simply  of  a  cylinder  about  13  ft  long,  and  4  ft  diam,  open  at 
both  ends ;  and  lined  on  the  inside,  which  isperfeetly  smooth,  with  sheet  iron.  It  is  Inclined  6  or  8 
4«1Kr«QR  with  the  horizon.  This  cylinder  is  made  to  revolve  15  or  .20  times  per  min,  by  means  of  a 
simple  leather  strap  or  band  around  its  outside ;  and  to  which  motion  is  given  by  a  locomotive,  which 
at  the  same  time  worked  a  heavy  mill  for  mixing  the  mortar.  This  simple  machine  easily  turns  out 
from  196  to  180  ouir  yds  of  eenerete  in  10  Itoura ;  and  when  werited  in  connection  with  a  morUr  mill, 
ftt  a  trifling  expense." 

'*  When  concrete  is  deposited  in  water,  especially  In  the  sea,  a  pulpy  gelatinous  fluid  exudes  from 
tbe  eement.  and  rises  to  the  surfaoe.  This  causes  the  water  to  assume  a  milky  hue ;  hence  tbe  term 
lalt^nee,  whleh  French  engineers  apply  to  this  aubatanoe.  As  it  sets  very  imperfectly,  and 
with  some  varieties  of  cements  scarcely  at  all,  its  interposition  between  the  layers  of  ooucrete,  even 
in  moderate  quantities,  will  have  a  tendency  to  lessen,  more  or  less  sensibly,  the  continuity  and 
strength  of  the  mass.  It  is  usually  removed  from  the  enclosed  space  by  pumps.  Its  proportion  is 
greatly  dimluished  by  reducing  the  area  of  concrete  exposed  to  the  water,  by  using  large  boxes,  aaj 
Rom  1  to  IH  cub  yds  capacity,  for  immersing  ttie  concrete." 

Weiipht  of  ipood  concrete  130  to  160  lbs  per  cub  ft,  dry. 

€o«t  of  concrete  $5  to  $9  per  cub  yard  if  roughly  deposited ;  and  99  to  $15 
if  first  made  into  blocks ;  depending  on  size,  cement,  locality,  wages,  &c. 

Bf  •  F.  Coiynet^s  beton.  The  artificial  stone  which  bears  this  engineer's 
name  has  for  several  years  been  used  in  France  with  perfect  success,  not  only  for 
dwellings,  depots,  large  city  sewers,  <S:c,  but  for  the  piers  and  arches  of  bridges, 
light-houses,  &c.  Bridge  arches  of  116  ft  span,  and  of  low  rise,  have  been  built  or 
it.  It  is  composed  of  5  measures  of  sand,  1  of  sifted  dry-slaked  lime,  and  from  ^ 
to  J^  measure  of  ground  Portland  cement.    Or  of  sand  6,  cement  1,  lime  % :  &c. 

These  are  first  well  mixed  together  dry.  and  then  placed  in  a  mixing>miU :  at  the  same  time 
sprinkling  them  with  .8  to  .4  measure  bf  water,  so  as  to  moisten  them  slightly,  without  wetting 
them.  They  are  then  thorooghly  incorporated  bv  mixing,  until  they  form  a  atiff  pasty  mass, 
slightly  coherent.  This  is  then  placed  in  a  mould,  in  successive  thin  layers,  each  of  which  is  well 
compacted  by  blows  of  a  16  lb  rammer.  The  top  of  each  layer  may  be  scored  or  cross-cut,  to  make 
the  next  one  unite  betier  with  it.  Owing  to  the  small  proportion  of  water,  it  sets  soon;  and  may 
generally  be  taken  from  the  mould  in  from  a  few  hours  to  a  few  days,  depending  on  the  size  of  the 
block ;  and  left  to  harden.  River  sand  is  the  best,  inasmuch  as  it  requires  less  lime  and  cement 
than  .pit  sand,  to  make  equally  good  8tone.(?)  The  cement  should  be  a  rather  slow>setting  one;  and 
both  it  and  the  lime  should  be  screened,  to  exclude  lumps.  About  \}i  bushels,  or  \%  cub  ft  of 
tbe  dry  materials,  make  1  cubic  foot  of  finished  stone,  weighing  about  140  lbs ;  resisting  100  to 
150  tons  per  square  foot  at  3  months  old.  250  to  400  in  2  years.  Arches  of  It  are  made  no  thicker 
than  brick  ones.  An  arch,  pier,  wall,  foundation,  ke,  may  be  built  of  it.  as  one  stone,  instead  of 
In  separate  blocks.  In  sewers  the  centers  may  be  struck  within  10  to  15  hours  after  the  arch  Is 
finished ;  and  the  water  may  be  admitted  within  a  week  or  leas.  The  distinctive  features  of  Goignet's 
beton  are:  the  very  small  proportion  of  water;  the  thorough  incorporation  of  the  ingredients ;  and 
the  consolidation  of  the  separate  layers  bv  ramming.  It  is  difficult  for  a  person  who  has  never  seen 
the  prooess,  to  credit  the  rapiditv,  facility,  and  economy  with  which  blocks  of  good  stone  can  be 
made  by  It.  lu  cost,  as  compared  with  ptrfecUy  plain  dressed  granite,  does  not  exceed  one-half; 
while  for  omamenUl  work  it  compares  even  far  more  favorably.  Hence  the  Coi«net  beton,  or  *rtlO- 
cial  stone,  is  nothing  more  than  good,  well-prepared  mortar,  mixed  with  very  tittle  water:  and  well 
rammed  Into  moulds,  In  successive  layers.  A  mixture  of  1  measure  of  hydraulic  cement,  and  S 
mensures  of  sand,  similarly  treated,  has  been  successfully  used  in  the  U.  S.,  for  «»J"«,j;«*';»'  *2 
bnildings  of  all  kinds.  Ornamental  work  can  be  furnished  at  «  the  prioe  of  stone ;  and  will  answer 
eqoallv  well.  F^or  fuU  information^  see  Oillmore's  '•  Coignet  Beton." 
^       '  Digitized  by  VjVJ^V  IV.. 
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ATeraee  results  of  24  beams,  10  ins  square,  ntade  of  good  Boseodale  and  English 
Portland  cements,  pit  sand  and  screened  pebbles,  few  exceeding  1  inch  diam.  The 
beams  were  bnried  for  6  months,  in  a  pit  4  ft  deep,  in  grnTelly  soil,  exposed  to  the 
rain,  snow,  kc.  A  first  set  of  beams  all  broke  on  being  taken  ft-om  the  moulds  after 
7  or  8  days,  although  carefully  handled.  To  avoid  this,  the  bottom  of  the  pit  itself 
was  rammed  to  a  smooth,  hard  surface ;  immediately  upon  which  a  new  set  was 
made  by  ramming  the  concrete  into  2  inch  planed  plank  moulds  without  bottoms. 
The  moulds  were  removed  after  24  hours,  and  when  all  were  done  the  earth  was 
filled  iu  over  the  undisturbed  beams.  Very  little  of  the  soil  adhered  to  them.  Their 
wt  in  all  cases  when  tested  was  abont  150  lbs  per  cub  ft,  or  520  lbs  wt  of  5  ft  clear 
span  of  beam ;  one  hidf  of  which,  or  260  lbs,  must  be  deducted  from  the  cen  breakg 
loads  of  the  5  It  spans  below ;  and  124  lbs  from  the  2  ft  4.6  ins  ones.  The  coefficient 
or  ConstABt  e  is  the  cen  breakg  load  in  lbs  for  a  lienni  1  inch  square,  and  1  ft 
dear  span,  like  those  in  table  p  498 ;  and  like  them  is  fonnd  l>y  the  formula  at  top 
•f  p.  492.    Its  use  is  shown  by  the  formula  at  foot  of  p  492. 


rials  by  measure. 

Center  Breakinc 

toad  in  lbs,  including  half 

wt  of  beam. 

Constant  c 

Cement. 

Rosendale  1 

1 

Portland  1 

"         1 

"          1 

Sand. 
2 
8 
3 
4 
6 

Pebbles. 
6 
7 
7 
9 
11 

Span  2  ft  4.5  ins.        Span  5  ft. 
1782                       690    . 

3926                      1995 

8648 

2822                     1190 

8.7 

9.8 
8.1 
6.2 

*  This  nseftil  table  and  that  on  p  677  were  klndlv  ftimished  us  by  Kltot  C. 
Clarke,  Esq.,  then  Principal  AsbH  in  charge  of  the  Improyed  Sewerage  Works  of 
Boston.  Dilass. ;  for  which  the  experiments  were  made.    See  also  **  Mr.  EliOt  €• 

Clarke '%p  678. 
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Art.  1.  We  here  speak  only  of  walls  sustaining  earth ;  for  those  sustaining  water^ 
Me  pp  229  to  232,  and  236.  A  retaininff-wall  is  one  for  sustaining  the  pres 
of  earth,  sand,  or  other  filling  or  backing,  deposited  hehind  it  after  it  is  huilt ;  in 
distinction  to  a  face-wall,  which  is  a  siniilar  structure  for  preventing  the  fall  of 
earth  which  is  iu  its  undisturbed  natural  position,  but  in  which  a  vert  or  inclined 
face  has  been  excavated.  The  earth  is  then  iu  so  consolidated  a  condition  as  to  exert 
little  or  no  lateral  pres^  and  therefore  the  wall  may  generally  be  thinner  tban  a 
retaining  one. 

This,  however,  will  depend  apon  the  nature  and 
position  of  the  strata  in  which  the  face  is  cut.    If  -■ 

the  strata  are  of  rock,  with  interposed  beds  of  clay,  " 

earth,  or  sand ;  and  if  they  dip  or  incline  toward  the 
wall,  it  may  require  to  be  of  far  greater  thickneM 
than  any  ordinary  retaining- wall ;  because  when  the 
thin  seams  of  earth  become  softened  by  infiltrating 
rain,  they. act  as  lubrios,  like  soap,  or  tallow,  to  fa- 
cilitate  the  sliding  of  the  rock  strata ;  and  thus  bring 
an  enormous  pres  against  the  wall.  Or  the  rock  may 
be  set  in  motion  by  the  action  of  frost  upon  the  clay 
•earns ;  or,  as  sometimes  occurs,  by  the  tremor  pro- 
duoed  by  passing  trains.  Even  if  there  be  no  rock, 
■till  if  the  strata  of  soil  dip  toward  the  wall,  there 
will  always  be  danger  of  a  similar  result;  and  addi- 
tional precautions  mast  be  adopted,  especially  when 
the  strata  reaoh  to  a  much  greater  height  than  the 

wall.     A  vertieal  wall  has  both  co    . 
and  d  •  vert.  * 

Experienee,  ratber  than  theo- 
ry* must  be  our  guide  iu  the  buildiug  of 
both  kinds  of  wall.  We  recommend  that 
the  hor  thickness  a  6,  Fig  1,  at  the  base  of  a 
vert  or  nearly  vert  retaiuing-wall  c  db  a, 

which  sustains  a  backiug  of  either  sand,  gravel,  or  earth,  level  with  its  top  o  d^ 
as  in  the  fig,  should  not  be  less  than  the  following,  in  railroad  practice,  when  the 
fouudatious  are  not  more  than  about  three  feet  deep. 

When  the  backing  is  deposited  loosely,  as  usual,  a$  whett 
dumped/rom  cartSy  carSy  dec, 

WaU  of  ctU-sUme^  or  of  first-clam  large  ranged  rtibble, 

in  mortar a.b 35  of  its  entire  vert  height  d  b. 

"      good  common  scabbled  mortar-rubble^  or  brick.  A  "  "  "      " 

«      vodl-scabbUd  dry  rubble 5  "  "  "      ♦♦ 

With  good  masonry,  however,  we  may  take  the  height  d  a  instead  of  d  b,  and  then 
the  above  proportions  of  d  s  will  give  a  sufficient  thickness  at  the  grouud-line  o  s. 
See  Table,  p  600. 

When  the  baekinHrls  somewhat  consolidated  in  bor  layers, 

each  of  these  thicknesses  may  be  reduced,  but  no  rule  can  be  given  for  this. 

The  oflbet  o  e,  in  front  of  the  wall,  is  not  included  in  these  thicknesses. 

When,  however,  the  backing  Is  a  pure  clean  sand,  or  gravel,  we  should  use  only  the  ftiU  dimen- 
sions ;  inasmuch  as  the  tremor,  caused  by  passint;  trains,  would  neutralize  any  supposed  advantage 
from  ramming  materials  so  devoid  of  cohesion.  Such  sand  may  be  rammed  with  much  advantage 
for  the  purpose  of  compacting  it  in  foundations ;  but  a  diff  principle  is  Involved  in  that  case.  When 
it  is  done  even  with  cohesive  earths,  with  a  view  of  saving  ma«onry  in  retaining- walls,  it  is  probable 
that  the  expense  will  generally  be  found  quite  equal  to  that  of  the  masonry  saved.  See  Rem  4,  p  691. 

The  base  aft  in  Fig  1.  Is  -^  of  the  height  bd.  In  the  foregoing  thicknesses  at  base,  the  back  d  6 
of  the  wall  is  supposed  to  be  vert;  and  the  face  e a  either  vert,  or  battered  (sloped  or  inclined  back- 
ward) to  an  extent  not  exceeding  about  IM  inches  to  a  foot;  which  limit  it  is  rarely  advisable  to  ez- 
oeed  In  prHCtice,  owing  to  the  bad  effect  of  rain,  to.  upon  the  mortar  when  the  batter  is  great.  The 
base  of  a  vert  wall  need  not  in  fact  be  as  thick  as  one  with  a  battered  face ;  but  when  the  batter  does 
■ot  exceed  1.3  inches  te  a  foot,  the  diff  is  very  small.    Bee  Table,  Art  7. 

Rem.  1.  A  mixture  of  sand,  or  <»rth,  with  a  larire  proportion 

or  Boinro  BOwu>KBfi,  paving  pebbles,  Ac,  will  weigh  oonsiderably  more  than  the  materials  ordinarily 
osed  for  backing;  and  will  exert  a  greater  pres  against  the  wall ;  the  thickness  of  which  should  be 
increased,  say  about  one-eighth  to  one-sixth  part,  when  such  backing  has  to  be  used. 

Rem.  2.  The  wall  virill  be  stronger  if  all  the  courses  of  masonry  be  laifl 
with  an  inclination  inward,  as  at  oeb;  especially  if  of  dry  masonry, 
or  if  time  cannot  be  allowed  (as  it  always  should  be,  when  pi-acticable)  for  the  mor- 
tar to  set  properly,  before  the  backing  is  deposited  behind  it.    The  object  of  inclin- 
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ing  the  couraet,  it  to  place  the  Joints  more  nearly  at  right  angles  to  the  direction 
/  P,  Figs  6,  7,  and  8,  of  the  pres  agafost  the  buck  of  the  whII  ;  and  thus  diminish 
the  tendency  of  the  stones  to  slide  on  one  another,  and  cause  the  wall  to  bulge. 

When  the  courses  are  hor,  there  is  nothing  to  pre- 
vent this  sliding,  except  the  friction  of  the  stones,  one  upon  the  other,  when  of  dry 
masonry ;  or  friction  and  tlie  mortar,  when  the  bust  is  used.  But  if;  as  is  frequently 
the  case,  (especially  iu  thick  aud  hastily  built  walls,)  this  has  not  had  time  to  biurden 
properly,  it  will  oppose  but  little  i-esistance  to  sliding.  But  when  the  courses  an 
inclined,  they  cannot  slide,  without  at  the  same  time  being  lifted  up  the  inclined 
planes  formed  by  themselves.  In  retainiiig-walls,  as  in  the  abuts  of  important 
arches,  the  engineer  should  place  as  little  dependence  as  possible  upon  mortar ;  hot 
should  rely  more  upon  the  position  of  the  joints,  for  stability. 
An  o^jeclioQ  to  this  ioolioing  of  tbe  joinu  ia  dty  (witbout  mortar)  walls.  U  that  rain-water,  falliac 

ana 


lettle*.  Till*  may  be  in  a  great  measure  obviated  by  iajing  tbe  outer  or  faoe-eoaraea  hor;  or  by 
onlug  mortar  for  a  deptb  of  only  about  a  foot  from  the  face.  I'be  top  of  the  wall  ibould  be  protected 
by  a  oopiug  ed,  Mg  1,  which  had  better  prqieot  a  few  int  in  front.    After  the  masonry  baa  bees 


built  up  to  tbe  surface  of  tbe  ground,  the  foundation  pit  should  be  filled  op;  and  it  is  well  toooa- 
fcolidaie  tbe  filling  by  rmmning,  especially  iu  front  of  the  wall. 

Tl«e  bih«k  <f  b  of  llie  wall  shonld  be  left  roneb.    In  brickwork  it 

would  be  welt  Id  let  every  third  or  fourth  oourae  prcjea  an  inch  or  two.  This  increases  the  fHotioa 
of  the  earth  against  (be  back,  aud  thus  causes  the  resuluut  of  the  foroes  acting  behind  the  wsJl  !• 
become  more  nearly  vert;  and  to  full  htrtber  within  the  base,  giving  increased  stability.  It  also  ooa* 
duces  to  streogih  not  to  make  each  course  of  uniform  height  throughout  the  thickness  of  the  wall; 
but  to  have  some  of  tbe  stones  (eKpeoiall  v  near  the  back>  suflicienily  high  to  reach  up  through  two  or 
three  coorses.  By  this  means  the  whole  masoniy  becomes  more  effectually  interlocked  or  bonded 
t(^(ether  as  one  mass :  and  therefore  less  liable  to  bulge.  Mttj  (hick  walls  may  consist  of  a  fiMing 
»r  masonry,  and  a  backing  of  concrete. 

Rem.  S.  It  is  the  pres  Itself  of  the  earth  against  the  back,  that  creates  the  friction,  which  ia  tnm 
ttodifies  the  action  of  the  pres ;  as  the  wt  or  pres  of  a  body  upon  an  inclined  plane  produces  (rictioB 
lietween  tbe  body  and  the  plane.  suOlcieut,  perbapK,  to  prevent  the  body  from  sliding  down  it.  A  re- 
Mtining-wall  is  overthrown  by  being  made  to  revolve  aronnd  its  outer  toe  or  edge  e,  Fig  1.  as  a  fW- 
irum,  or  turning- point;  but*in  order  thus  to  revolve,  iu  back  must  first  plainly  rise;  and  in  doing 
so  must  rub  against  the  backing,  and  thus  encounter  and  overcome  this  friction.  The 
fknotion  exists  the  same,  whether  the  wall  stands  firm  or  not ;  as  in  the  ease  of  tbe 
body  on  an  inclined  plane ;  the  only  diff  is  (hat  in  one  onae  it  prtvenU  aioiion ;  aad 
ia  Vke  ether  only  rttardt  it. 

Wbere  deep  freealnir  oeears  the  back  of  the  wall  shonld 

be  sloped  forwards  for  .1  or  4  ft  tteiow  iu  top  as  at  e  o,  which  should  be  qnito  lOMioth 
■0  as  to  leasen  the  hold  of  the  firoat  and  pret- ent  displaeement. 

Rem.  4.  When  the  wall  is  too  thin,  it  will  generally  fail 
by  baliclnip  outward,  at  about  ^  of  its  height  above  the 
ground,  as  at  a,  in  Fig  i.  A  slight  bulging  in  a  new  wall 
does  not  necesnarilv  prove  it  to  be  actually  unsafe.  It  is 
generally  due  to  the  newness  of  the  mortar,  and  to  the 
greater  pres  exerted  by  the  fresh  backing ;  and  will  often 
cease  to  increase  after  a  fiew  months.  It  need  not  excite 
apprehension  if  it  does  not  exceed  }^  inch  for  each  foot  In 
thiokneu  at  a.    See  B«mark  S,  Art  t,  p  Ml. 


Art*  2*  The  yonng  engineer  need  not  in  practice  eonoem  himself  particnlariy  about  tbe  r 
tp  OBAV  or  RN  BAOKiira,  or  about  the  avobs  or  slopi  at  which  it  will  stand ;  for  the  aMterial  which 
hie  depoMU  behind  his  wall  one  day,  may  be  dry  an<l  incoherent,  so  as  to  slope  at  1^  to  1 ;  the  next 
day  rain  may  convert  it  into  liquid  mud,  seeking  iu  own  level,  like  water ;  the  next  it  may  he  ice 
capable  of  sustaining  a  considerable  load,  as  a  vert  pillar. 

Moreover,  he  cannot  foretell  what  may  be  the  nature  of  his  backing ;  for.  as  a  general  rale,  thh 
must  consist  of  whatever  the  adjacent  excavation  may  prodoce  from  time  to  time ;  sand  (o-dav.  mek 
to-morrow,  4c.  Betalning- walls  are  therefore  usually  built  before  the  engineer  knows  the  oharseter 
of  their  backing:  so  that  in  practice,  these  theoretical  considerations  have  eomparatlvely  but  little 
weight.  Theory,  uncontrolled  by  obaervatton  and  common  sense,  will  lead  to  great  errors  in  evety 
department  of  engineering ;  bat.  on  the  other  hand,  no  amnuat  of  experlenee  aloae  will  compensate 
for  an  ignorance  of  theory.    The  two  must  go  band-in-hand. 

Again,  the  settlement  of  the  b«efeln«c  under  its  own  wt,  aided 
by  the  tremors  produced  I»y  heavy  trains  at  high  speed;  its  expansion  by  frost,  or 
by  the  infiltration  of  rHin ;  the  hydrostatic  pressure  arising  from  the  admission  of 
the  latter  through  cracks  produced  in  the  backing  during  long  droughts ;  as  well  ss 
its  lubricating  action  upon  it,  (diminishing  its  ftriction.  and  giving  it  a  tendency  to 
slide,)  Ac,  exert  at  times  quite  as  powerful  an  overturning  tendency  as  the  legitimate 
theoretical  pres  does.  The  action  of  these  agencies  is  gradual.  Oureful  observation 
of  retaininir-walls  year  after  year,  will  often  show  that  their  battered  faces  are  be- 
coming vertical.  Then  they  will  begin  to  incline  outward ;  and  eventually  the  uall 
will  fitii.    Theory  omits  loads  that  may  come  on  bating  increasing  ita  pres. 
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ABSiuniag  the  theoretical  views  advanoed  by  ProfeMor  Moeeley  to  be  correct  m 
theoriee,  the  thicknenes  which  we  have  recommeiMied  in  Art  1,  for  mortar  wallb, 
correspond  to  from  7  to  14  times ;  and  for  dry  walls  about  10  to  20  times,  the  pi-es 
uaigned  by  him;  and  we  do  uut  consider  ours  greater  than  experience  has  shown 
to  be  necessary.  See  Table  3.  Retaining- walls  designed  by  good  engineers,  but  in 
too  close  accordance  with  theory,  (which  assumes  that  a  resistance  equal  to  twice 
the  theoreticul  pres  is  sufficient,)  have  ftiiled ;  and  the  inference  is  fkir  that  many  of 
those  which  stand  have  too  small  a  coefficient  of  safety. 

The  fact  1«,  (or  at  leMt  so  It  appean  to  m.)  ther«  must  be  d«foot«  In  the  tbeoretloal  Msampttoos  of 
■ome  of  the  most  prominent  writers  «bo  give  praotioal  rules  oa  this  sul^eot.  Thus  Poocetet.  who 
eertaiDly  is  at  their  bead,  states  that  his  tablM,  for  practical  use,  give  thicknesses  of  base  for  sus- 
taining 1  ^j^  times  the  theoretioal  pres ;  and  this  he  considers  amply  safe.  Tet,  for  a  rert  wall  of  ovt 
granite,  bis  base  for  sustaining  dry  sand  level  with  the  top.  as  In  Fig  1,  U  .85  of  the  vert  height; 
and  for  brick,  .46.  But  the  writer  found  that  when  not  ntbjeet  to  tremmr,  a  wooden  model  of  a  vert 
wall  weighing  but  28  lbs  per  cub  ft,  and  with  a  base  of  .36  of  iu  height,  balaaced  ptrfeotly  dirr  saad 
sloping  at  1>^  to  1,  and  weighing  8»  Ibi  per  cub  ft. 

KOW,   THt   KESISTANOK  OV   SUULAB  WAIXS,   Of  THB   SAMB    DIMRWSIOMa, 

TAsns  AS  THKiR  sPKcivic  oRAviTiBs ;  sud,  sinoc  granite  weighs  about  166 
lbs  per  oub  foot,  or  6  Uues  as  much  as  our  model,  it  follows,  weooaoelva, 
that  a  wall  of  that  material,  with  a  base  of  46  of  its  height,  must  have 
a  resistance  of  S  times  any  trtts  tksoretictU  pres,  Instead  of  oalr  1.8 
times ;  and  that  his  brick  waU  must  have  about  6  times  the  mere  bal> 
ancing  resistance.  Our  experiments  were  made  in  an  apper  room  of  a 
strongly  built  dwelling ;  and  we  found  that  the  tremor  produced  by  pass- 
ing vehicles  in  the  street,  br  the  shutting  of  doors,  and  walking  about 
the  room.  sufBced  to  gradually  produce  leaning  In  walls  of  considerably 
more  than  twice  the  mere  balanciug  stability  while  quiet :  and  it  appears 


to  us  that  the  injurious  effects  of  a  heavy  train  would  be  oomnanitively 
qaiie  as  great  upon  an  actual  retaining- wall,  supporting  so  incobeslve 
a  material  as  dry  sand. 

Since,  therefore,  Poncelet's  wall  Is  in  this  faistance  sufllolently  staUe 
for  praetiee,  it  seems  to  us  that  bis  tkeorf,  which  neglects  the  efteet  of 
tremors,  Ac,  must  be  defective.  He  also  gives  4  of  the  height  as  a  suf- 
ficiently safe  thickness  for  a  vert  granite  wall  supporting  ttifeartk;  but 
we  Bunpect  that  very  few  engineers  would  be  willing  to  trust  to  that  pro- 
portion, when,  as  naual,  the  earth  is  dumped  in  rrom  earu,  or  cars ;  eape. 
eially^uring  a  rainy  period.    If  deposited,  and  eonselidated  In  layers, 

theory  could  scarcely  assign  any  thickness  for  the  wall ;  for  the  backing  thus  Weomes,  as  it  were,  a 
mass  of  nnbornt  brick,  exerting  no  hor  throat ;  and  rsqslifng  nothing  but  protection  from  atmoiipherio 
influenoe,  to  insure  iu  stutiility  without  any  r«fa<ninp- wall.  It  is  with  great  diffidence,  and  distrust 
in  onr  opinions,  that  we  venture  to  express  doubts  respecting  the  assnuptions  of  so  profound  an  in- 
vestigator and  writer  as  Poncelet;  and  we  do  so  only  with  the  hope  that  the  views  of  more  compe- 
tent persons  than  ourselves,  may  be  thereby  elicited.  Our  own  have  no  better  foundation  than  ex- 
perimente  with  wooden  and  brick  models,  by  oorstivas ;  oombined  with  observation  of  actual  walls. 

Art.  3.  After  a  wall  ab  c  o,  V\g  3,  with  a  vert  back,  has  been  proportioned  by 
our  rule  in  Art  1,  it  may  be  eonvertMl  into  one  with  »n  oflTsetted 

bneic,  as  a  t  nd.  This  vdll  present  greater  resistance  to  overturning;  and  yet  con- 
tain no  more  material.  Thus,  thron^^  the  center  t  of  the  back,  draw  any  line  t  n ; 
At)m  n  draw  n  «,  vert;  divide  i  t  into  any  even  number  of  equal  parts;  (in  the  fig 
there  are  4 ;)  and  divide  »  n,  into  one  more,  equal  parts :  (in  the  fig  there  are  5.)  From 
the  points  of  division  draw  hor,  and  vert  lines,  for  forming  the  offsets,  as  in  the  fig. 
In  the  offsetted  wall,  the  cen  of  grav  is  thro^nn  farther  back  from  the  toe  o,  than 
in  the  other,  thus  giving  it  increased  leyerage  and  resistance:  but  within  ordinary 
practical  limits,  the  diff  is  very  small ;  and  since  the  triangle  of  supported  earth  is 
greater  than  when  the  beck  is  vert,  its  pres  is  also  greater ;  so  that  probably  no  ap- 
preciable advantage  attends  that  consideration.  Tbe  inerease  Of  thiebness 
near  tlie  tNUie,  dinilnlsli€M».  bowever.  the 
leverair®  «>  **>  Fifp  8,  of  the  premfF,  of  the 
earth  against  the  back.  The  cent4>r  of  pressure  of 
this  pres  is  in  both  cases  at  ^  the  vert  height,  meas- 
ured from  the  bottom ;  and  it  is  therefore  plain  that 
the  £etrther  back  from  the  front  it  is  applied,  the  shorter 
must  V  a  become.  Moreover,  in  the  offsetted  back,  the 
direction  of  the  pres  becomes  more'  nearly  vert  than 
When  the  back  is  upright.  It  is  to  these  causes,  rather 
than  to  the  throwing  back  of  the  cent  of  grav,  that 
the  offsetted  wall  owes  its  increase  of  stability  over 
ODe  with  a  vert  back. 

Art.  4.  When,  as  in  Tig  4,  the  baeklnir  is  higher  than  the 
wall,  and  slopes  away  from  its  inner  edge  d,  at  tlie  natural  slope  d  «,  of  IV5  to  1,  we 
are  confident  that  the  following  thicknesses  at  base  will  at  least  be  found  sujicimt 
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for  ▼«rt  walla  with  MUid.  They  are  deduced  from  the  experiments  Just  alluded  to^ 
iind  are  Lmt  rude  approximations,  with  no  scientific  basis.  We  should  not  have  in- 
serted them,  but  for  the  £EM;t  that  we  know  of  no  others  fur  this  case.    See  p  680. 

The  first  column  contains  the  vert  height  t  v,  of  the  earth,  as  compared  with  tlie 
vert  height  of  the  wall ;  which  latter  is  assumed  to  be  1 ;  so  that  the  table  begins 
with  backing  of  the  same  height  as  the  wall,  as  in  Fig  1.  Those  vert  walls  may  be 
changed  to  others,  with  battered  faces,  by  Art  8 ;  or  without  any  such  proceedins, 
their  faces  may  be  battered  to  any  extent  not  exceeding  1^  inches  to  a  foot,  or  lin 
k,  without  sensibly  afi'ecting  their  stability,  without  increasing  the  base. 


TABLE  1.    (Original.) 

P^l 

i  III 

«58 

Hi 
Hi 

55? 

WaH 

Good 

WaU 

Good 

of 

Mortar 

WaU 

of 

Mortar 

WaU 

oSi 

Cat  Stone, 

Bubble, 

of          1 

1   *S2 

Cot  Stone 

Rabble. 

of 

Hi 

Mortar. 

or 
Brick. 

esi.r 

3^ 

in 
Mortar. 

or 
Brlok. 

^^ 

|M 

Tbickueon  at  BaM.  ia  parU  of        | 

Tbioknecs  at  Base,  in  paru  of 

^s-s 

tb«  beigbt. 

i?8^ 

the  height. 

1^ 

M 

.40 

.50 

2. 

.58 

.63 

.73 

1.1 

Ai 

.47 

.57 

t.5 

.60 

.65 

.75 

l.S 

.46 

.51 

.61 

S. 

.6S 

.67 

.77 

l.S 

.4tf 

.54 

.64 

4. 

.63 

.68 

.78 

1.4 

.51 

.56 

.66 

6. 

.64 

.0» 

.7» 

1.5 

.5:1 

.57 

.67 

». 

.65 

.70 

.80 

l.« 

.54 

.59 

.60 

14. 

.66 

.71 

.81 

1.7 

.55 

.«0 

.70 

S5. 

1.8 

.56 

.61 

.71 

or  mora 

.68 

.78 

.88 

Art.  S.  But  when  the  slope  n  r.  Fig  5,  of  1^  to  1,  starts  from  the  outer  edge  n 
of  the  wall,  greater  thickness  is  required.  Poncelet  gives  the  following  for  this 
case,  for  dry  aand. 

TABLE  2. 


^ 

-.» 

«'l 

It 

r t_|| 

WaU 

of 

Oat  Stone 

Wall 
of 

II 

WaU 

of 

Oat  Stone 

WaU 

of 

Brickwork. 

in 

BrlAwoffk. 

n. 

^f  /i  ^ 

Mortar. 

^^M        /         i         , 

.35 

.451 

2.4 

.762 

1.02 

^^^^^        ,'              L^       1.1 

.393 

.498 

30 

.811 

111 

^^^^^     /         ^y\          \j% 

.430 

.548 

4.0 

.892 

1.18 

^^^^^j      /        ^/^     \              i_5 

.4«5 

.604 

6.0 

.683 

1.26 

^^^^^M   /   .X^^^           '               1.4 

.538 

.065 

11.0 

.909 

128 

^^^^^^/^X*^               '•            1.5 

.579 

.726 

21.0 

.922 

1.81 

.J 

m                 v         J^ 

.617 

.778 

31.0 

.926 

1..W 

.646 

.M4 

Iiiflalte. 

.964 

l.t4 

^.       -                             1-8 

.668 

.847 

FifiT.  5.                   1.9 

.690 

.903 

S.0 

.707 

.990 

When  the  earth  reaches  above  the  top  ofthe  wall.  a<>  In  Figa  4  and  5.  (be  wall  !■  ■Ill*<*llf%rflr^4l ; 

and  the  earth  that  is  ahovt  the  top.  is  called  theaiTKCHAaoa-  When  the  snraharge  is  earefttU.?  depoeiisi 
above  the  wall,  so  aa  to  slope  back  at  a  steeper  angle  than  1^  to  1.  as  saj  at  1  to  1,  theory  does  ad 
require  the  wall  to  be  as  thick.  NotwithRtauaiog  Poncclet's  high  position, the  writer  cannot  imagliM 
that  the  base  of  a  brick  wall  need  be  so  great  as  1^  times  its  height  for  any  height  of  sand  whateTer. 

Art.  6.    On  tlie  tli4H>ry  of  retalnin«e-wall«.    Let  6  c  a  m.  Fig  B,  be 

such  a  wall,  upholding  backing  or  filling  ctmg;  the  upper  surf  c  «  of  which  is 
hor,  and  level  with  the  top  6  c  of  the  wall ;  and  let  m  t  represent  the  nat  slope  of  the 
earth  which  composes  the  backing;  mg  being  hor. 

Abundant  experience  on  pablio  works  shown  that  this  slope,  whether  for  sand,  grarel.  or  earth, 
when  dry.  may  be  practically  taken  at  1^  to  1 :  that  is.  IH  hor.  to  1  of  Tert  mea^arement :  which 
eorrv^ponds  tit  an  anftle  am  got  m°  41'  with  the  hnr :  which  is  also  about  the  angle  at  which  bricks 
•nd  roughly  dressed  masonry  begin  to  slide  on  each  other.    This  angle,  however,  Tariea  ooasidera* 
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Mj :  being  gntttj  loflaeiMed  by  the  degree  of  dryness,  or  dampness,  of  the' material ;  so  that  mode* 
rately  damp  sand  or  earth  will  staud  at  a  slope  of  1  to  I,  or  at  an  angle  of  4hP.  Whatever  it  may  be. 
It  is  called  thk  anolb  or  mat  slopk  of  the  material  under  oonsideratioa.  In  theoretical  calcnlations 
fsr  walls,  it  is  safest  to  assume  (as  we  have  done  tbronghoat)  that  the  backing  is  perfeotly  dry,  since 


J=»S«  ti^.l 


tts  prea  is  then  greatest :  nnlesM  it  be  supposed  to  be  so  wet  as  to  possess  some  degree  of  fluidity.  Tbe 
triangle  ems  of  earth  above  tbe  nat  slope  mt,  tends  to  slide  down  said  slope,  but  is  prevented  from 
■o  doing  by  tbe  wait 

It  it  assumed  iu  all  eases,  that  the  wall  is  secured  from  Riding  along  its  bafle.Art9.  p  682,  that  it  is 
thick  enough  to  prevent  failure 'by  btdging;  and  that  it  will  rail  only  by  overturning,  by  rotating 
■ronnd  its  toe,  a,  as  a  fUlorum.  The  thiekness  neoessarr  to  insure  safety  against  the  last  will  also  be 
•nffleient  to  prevent  bulging.  Now  relbrring  only  to  Pig  6  with  a  Tert  back,  if  the  angle  om;  eon- 
tfttned  between  the  natural  slope  m  s,  and  a  vert  line  m  o,  drawn  from  the  inner  bottom  edge  m  of 
tbe  wall,  be  divided  by  a  line  m  t.  into  two  equal  angles,  o  m  (,  <  m  «,  then  tbe  angle  o  m  (  is  called 
THB  AMOLK.  and  US  (  THK  SLOPK,  OP  MAXiMtjM  PKE88UKK.  Tbe  triangular  prism  of  earth,  of  which 
•  as  f  is  a  section,  or  an  end  view,  is  called  the  prism  op  max  pris  ;  because,  if  considered  as  a  wedge 
acting  against  the  back  of  the  wall,  it  would  produce  a  greater  pres  upon  it  than  would  the  entire 
triangle  c  m  s  of  earth,  considered  as  a  single  wedge.  For  although  the  last  is  the  heaviest,  yet  it  is 
more  supported  by  the  earth  below  it.  Calculation  shows  that  if  we  eonsider  tbe  earth  o  m  «  to  be 
ttaus  div  into  wedges  by  anjf  line  m  t,  the  wedge  that  will  press  most  against  the  wail  is  that  formed 


Since  MO  is  hor,  and  mo  vert,  the  two  form  an  angle  of  90°:  cnnsequeutly  the  angle  of  max  pres 
is  plainly  found  by  taking  the  angle  smi^  of  nat  slope  from  90<^,  and  dIv  tbe  rem  by  2.    Thus  a  nat 

slope  of  l^i  to  1.  or  83°  41'.  taken  from  90"»,  leaves  56°  18' ;  and  ^JL  _  jggo  9'^  i^^,  ^^ip. 

respondlnir  anirle  o  m  t  of  mnx  prc^s. 

Pnr  ease  nf  calculation,  only  one  foot  of  tbe  Icnpth  of  the  wall,  and  of  Its  backing,  is  usually  con- 
sidered. The  number  of  cub  ft  of  wall,  or  of  backing,  is  then  equal  to  that  of  tbe  aquare  feet  in 
tbeir  respective  profiles,  or  rross-sections. 

Now,  ncoordio(?  to  MMwIey,  if  we  asenme  the  particles  of  earth  composing  the 
backing  to  be  perfectly  dry,  and  devoid  of  cohesion,  (or  tendency  to  stick  to  each 
other,)  which  is  very  nearly  the  case  in  pure  sand;  and  if  we  suppose  the  wall  to  be 
gnddenly  removed,  then  the  triangle  of  earth  «mt,  comprised  between  the  slope  tnt 
oT  laax  pres,  and  the  vert  back  c  m  of  the  wall.  Fig  6,  would  slide  down,  under  the  in- 
flneuc^  of  a  force  which  may  be  represented  by  y  P,  acting  in  a  direction  y  P,  at  right 
Hitgles  to  the  face  c  m  of  the  triangle  of  earth ;  (or  in  other  words,  at  right  angles 
tu  the  back  of  the  vert  wall,)  its  center  of  force  being  at  P,  distant  ^  way  between 
m  and  c,  measured  from  the  bottom ;  and  its  amount  equal  to  either  of  the  Jbllowing: 


«     -        F^prea       Wt  of  the  triangU  of  eaHh  c  ro  t  Xo  t 
flO  1.  y  p        —  p^^  ^gpj/j  o  „j  ; 

Wtof  a  single  «*  w  ,«  ^^  «  * 
Ho  9.  BerpprtB  ^  ft  of  the  backing  X  *7  0/  o  t 

yP      —  .^ 


See 

\  Art.  11, 

p692. 


In  Tiew  of  the  great  uncertainty  involved  in  the  matter  of  the  actual  pressure  of 
earth  against  retainiug-walls  in  practice  (see  Art  2.  ),  and  in  order  to  furnish 

a  simple  rule  which,  although  entirely  unsupported  by  theory,  is  still  (in  the  writer's 
opinioo)  sufBciently  approximate  for  ordinal^  pnictlcal  purposes,  we  shall  assume 
that  No  1  of  the  two  foregoing  formulas  applies  near  euQUgh  to  walls  wltli  in- 
clined baeks  e  m^  also,  a^  Figs  7  and  8,  (precisely  as  they  are  lettered,)  at  least 
mitll  tbe  Imek  wf  tbe  whII  inclines  forward  an  macli  aM  6  Ins 
bor,  to  1  fbot  vert,  or  at  an  angle  ctno  of  2fP  M'.  What  follows  on 
retainlnir- walls  will  Involve  tills  Incorrect  nssnmption,  and 
ninst  be  r^gturdeik  merely  as  grivinur  safe  approximation. 

Some  appear  to  assume  this  perp  pres  to  be  the  only  one  Acting  against  the  back 
of  the  wall;  and  hence  arrive  at  erroneous  practical  conclusions.  For  when,  in 
order  to  prevent  this  force  from  causing  the  triangle  of  earth  to  slide,  we  place  a 
retaining-wall  In  ft*ont  of  it,  then,  instead  of  motion^  the  force  will  produce  pres  of 
the  earth  a^nst  the  wall,  causing  friction  between  the  pressed  surfaces  of  the 
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earth  and  wall.  That  iB,  if  a  wall  were  to  begin  to  overturn  around  ita  toe  a  as  a 
fulcrum,  its  back  c  m  niuMt  of  course  rise,  and  iu  so  doing  must  rob  against  tbu 
earth  filling  in  contact  with  it;  and  this  rubbing  would  evidently  act  to  ingtede  the 
overturuing.  So  long  as  the  wall  does  not  move,  the  same  friction  assists  in  pre- 
venting  overturning.  To  ascertain  the  amonnt  and  effect  of  this  friction,  let  y  P,  Fig 
8,  represent  by  tcale.  the  force  perp  to  the  back  em;  and  supposed  to  have  been  pre- 
viously calculated  by  tlie  foregoing  formula  No  I.  Mai<e  the  angle  yP/  equal  to 
the  angle  of  wall  friction,*  draw  yf  at  right  angles  to 
y  P,  or  parallel  tome;  make  P  x  equal  to  yf,  and  com- 

Elete  the  paralielognim  P  yfx.  Then  will  x  P  represent 
y  the  same  scale,  (he  nmoanl;  of  the  frietion 
anT^inst  the  back  of  the  wall.  Since  the  fric- 
tion acts  in  the  direction  of  the  back  c  m,  (see  end  of  Art 
62,  of  Force,  etc,  p354),  it  may  be  considered  as 

acting  at  any  point  P,  in  tliat  lino. 

Hence  we  have  acting  at  P,  two  forces ; 
namely,  the  perp  force  y  P,  and  the  friction  z  P ;  conse- 
'  quently,  by  comp  and  res  of  force,  the  diag  /P  of  the 
parallelogram  P  y/as,  if  measured  by  the  same  scale,  will 
give  us  the  amount  of  their  resultant ;  whieh  i»  the 
approx  sinirle  theoretical  force^  both  in 
>  amount  and  in  direction,  which  the  waU 
has  to  resist,  including  the  wall  friction. 

But  this  force, /P,  is  also  always  equal  to  the  perp 
I,  force  y  P,  mult  by  the  nat  sec  of  the  angle  y  P/  <^ 
the  wall  friction ;  (or  divided  by  its  nat  cosine)  and  oi 
coni-se  may  be  ascertained  thus: 

wt  of  triangie  ^  .  »  w  nat  »«e  o/aiuil*  yPf         •*</v«* 
Approx theoreH-  _         e  m  t         X  o »  X       ofwtMfrictUm        _     emt  ^  *** 
ealprutF  vtrtdepthom  oo«  j  P  f  X  o  m 

Or  finally,  if  it  is  assumed,  as  we  do  thronghout,  that  the  earth  Is  perfectly  dry  (in 
nsmuch  as  its  pressure  is  then  the  greatest)  and  that  the  angles  of  nat  slope,  and 
of  wall  friction  are  then  each  33^  41'  or  1.5  to  1,  then  in  Figa  6,  7  and  8,  if  the  angle 
cmo  between  the  back  c  m  and  the  vert  o  m  does  not  exceed  about  26<^  34'  we  may 
assume 

^'^■"^prS  fP*^*''**  -  wt  of  trianirle  e  m  t  x  .643 

which  includes  the  action  of  the  friction  of  the  earth  against  the  hack  of  the  wall. 

R£M.  1.   When  the  back  of  the  wall  Is  oflhetted  or  stepped,  as 

in  Fig  3,  instead  of  being  simply  battered,  as  In  Figs  7  and  8,  the  din^ction  of  the 
pres  of  the  earth  will  be  tlie  same  as  if  the  back  had  the  batter  <  a,  on  the  principle 
given  in  Art  34,  Fig  17,  of  Force  In  Rigid  Bodies,  p  326. 

Rem.  2.  Ifow  to  find  both  the  overtarnf ngp  tendency  of  the 
earth,  and  the  resistance  of  the  wall  against  being  overturned  around  its  toe  a  as 
a  fulcrum,  first  find  the  cen  of  grav  g  of  the  wall  (p  348),  and  through  it  draw  a 
vert  line^^.  Prolong /P  towards  v  and  draw  a  v  perp  to  it.  By  any  scale  make 
•  o=swt  of  wall,  and  s  »  =s  calculated  pres /P.  Complete  the  parallelograxn  Mi  no, 
and  draw  its  diagonal  «  n,  which  will  be  the  resultant  of  the  pres/P  and  of  the  wt 
of  the  wall ;  and  should  for  safety  be  such  that  a>  be  not  less  than  about  one>ftfth 
of  a  m,  even  with  best  masonry  and  tmtyielding  soil.  Otherwise  the  groat  pressure  so 
near  the  toe  a  mav  either  fracture  the  wall  or  compress  the  soil  near  that  point 
so  that  the  wall  will  lean  forward.  In  walls  built  by  our  rule,  Art  1,  or  by  table, 
P  600,  aj  will  be  more  than  one-fifth  of  a  m.  The  pres  /  P  if  mult  by  its  leverage 
a  o  will  give  the  moment  of  the  pres  about  a;  and  the  wt  of  the  wall  malt  by  Us 
leverage  e  a  will  give  that  of  the  wall.  The  wail  is  safe  from  overturning  in  bco- 
portion  as  its  moment  exceeds  that  of  the  pres.  It  is  assumed  to  be  safe  against 
sliding,  breaking,  or  settling  into  the  soiL    See  Art  13,  p  2SL 

•  This  anirle  of  wall  frietion  16  that  at  whieh  a  plane  of  masonry  must 

be  tncUn#d  to  the  boriioDtal  m  that  dry  uod  or  emrtli  wonid  sihle  down  It.  It  is  about  the  uune  m 
lb*  nat  slope,  or  SSO  41'.  or  1.5  to  1 ;  and  tta  nat  Moant  ia  l.SOt.  and  iU  nat  ooe  .881. 
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Bern.  4.  ir  tli«  «artk  iilo|»««  downward  fW>ra  C,  m  ^ 
St  A  or  B,  instead  of  being  hor  as  in  Figs  8,  7,  8,  use  the  wt  of  the 
earth  cm  n  instead  of  c  m  /,  m  n  being  the  slope  of  max  pressure. 
In  A  the  point  of  application  will  still  be  at  P  (at  one-third  of 
m  c)  as  in  6,  7,  8;  but  in  B  it  will  be  a  little  higher  as  explained 
below  for  Fig  9. 

SurelMrir«»d  n^llt  are  those  io  which  the  earth  backing 
extends  above  the  tops  of  the  walls. 

According  to  theory,  when  as  in  Fig  9,  there  is  a  surcharge 
V  c  k  of  backing,  sloping  away  from  c  at  its  natural  slope  e  v, 
the  max  pres  agaiust  the  whII    is 
attained  when  the  earth  readies  to 
the  level  of  d,  whera  the  slope  m  t  <l 
of  max  pres  intersects  the  late  of  tlie 
uat  slope  c  v;  so  that  if  nfterwarU  the 
earth  is  raised  to  v,  or  to  any  greater 
height,  no  additional  pres  i8  thereby 
thrown  against  the  buck  of  the  wall. 
So  alMo  if  the  earth  slopes  from  6,  or 
from  between  c  and  b,  except  that 
then  the  slope  m  d  of  max  pres  ninst    < 
extend  up  to  mee.t  this  other  slope.        i 


Tlie  Approximae«  amount 

of  the  oblique  pres,  when  the  wall  is 


Borcharged,  (as  in  any  of  the  Figs  4, 
5, 9,)  may  be  found  on  the  same  prin- 
ciple as  when  the  earth  is  level  with 
its  top;  namely,  instead  of  the/Waw- 
gU  emt  oT  earth,  Figs  6,  7,  8,  9.  find 
the  wt  of  all  the  earth  dxmt,  Fig  4,  - 
dmtr,  Fig  5,  or  c  d  m,  Fig  9  (if  the 
surcharge  reaches  to  d  or  jp,  or  higherX 

between  the  slope  m  d,  Fig  9,  m  t,  Figs  4  and  5,  of  max  pres,  the  back  of  the  wall,  and 
the  front  slope ;  omitting  any  which,  like  den,  Fig  5,  rests  on  the  top  of  the  wall 
(and  thus  adds  to  its  stability)  when  the  slope  starts  in  front  of  c.  Having  found 
this  weight,  then  for  dry  backii^  the 

app?!^uSItely  }  =  Wt  of  tbe  eartb  x  .643, 

including  the  action  of  the  friction  of  the  earth  against  the  back  of  the  wall-  near 
enough  (in  the  writer's  opinion)  for  practical  piurposes  in  so  uncertain  a  matter- 
but  essentially  empirical.  * 

Tlie  direction  of  tbe  pressure  thus  found  will  be  the  same  as  when  the 
earth  is  level  with  the  top  &c;  namely,  as  in  Figs  6  and  7,  first  draw  a  line  as  Py 
perp  to  the^back  cm,  whether  vert  or  inclined.  Then  draw  another  line*  as  P/ 
making  the  angle  yVf=  the  angle  of  wall  friction,  which  we  all  along  assume  to 
be  330  41',  or  1.5  to  1.  Then  P/  will  give  the  direction  of  the  pressure.  But  its 
point  of  application  will  not  always  be  at  P  (one-third  of  the  height  of  the  wall 
above  m)  as  heretofore;  for  in  all  cases  it  will  be  at  that  point  P,  or  at  some 
hjgrlier  one  as  fc,  where  the  back  is  cut  by  a  line  i  P  or  «^,  Fig  9,  drawn  from  the 
cen  of  grav  of  fhe  sustained  earth  (omitting  any  that  lesU  immediately  on  the  top 
5c),  and  parallel  to  the  slope  md  of  max  pres;  and  such  a  line  will  strike  at  one- 
third  the  height  of  the  wall  only  when  the  sustained  earth  ^c  m  or  dcm  forms  a 
complete  triansle,  one  of  whose  angles  is  at  the  inqer  top  edge  c  of  the  wall. 
In  all  other  cases  said  line  for  a  surcharge  will  strike  above  P. 
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Art.  7.  On  page  663»  Pig  1,  ve  rwrnm— d  fli^  tte  baa*  a  «  at  tbe  sroond- 
Koe  of  w^  bailt  vertie»l  waUs  sho«ld  not  be  kas  thaa  Ui&,  or  .4^  or  ^  of  tbe 
height  d  «aboTe  said  liiie,  depending  on  the  kind  of  maaoory.  Bat  a  wmll  with  a 
bwttcr«<  <  inclined;  fruat  or  Uee  m  found  by  Art  8,  (bj  which  tbe  folio  wing 

titble  waa  prepared^  will  be  aa  atnmg,  and  at  th«  aasM  time  contain  lean  masonry 
than  a  rert  wail,  although  tbe  battered  one  will  hare  the  thickeat  baae  o  a. 

TftMe  S,  or  thIelcacMes  «t  htmm  •«,  FIc  1,  tuttf  nt  tm^  e^^f 
wiUls  witii  >»ticred  Im/e^m,  »•  aa»  t*  be  as  BtroMg  as  '^erticiU 
•■es  which  caataia  aiare  ssasaary. 

Far  the  eah  yds  af  aisssary  ahave  o  «  per  foot  mn  of  vail,  mnlt  the 
saaare  of  the  vert  height  ds  bj  the  nnaiber  in  the  colnmn  of  cob  yds.  Thai 
adid  the  foundation  maatmry  below  o«.  See  also  fkUe,  p  693.  Alan  stady  Bems  1 
and  2,  Art  8. 

(OriginaL) 


An  th«  walla 
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oflU  ht  4 

me  whoM  baw  ««,  flgl=:  J6 

AB  the  walto  below  hare  tbe 
Mine  Mrength  as  a  rert  one 
wbo«e  bue  •  «,  fls  !=.« 

AU  the  wana  below  hmve  the 
aame  streDgth  aa    •  rart 
oae  whose  baaeoa,  fl«  1= 
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Moaeley  ao4  othera  qaote  Oadroj,  for  a  ort  saho  ai.ora«o  at  flo.  It  woald  be  better  to  oeaae  ft«a 
olreolatiog  tooh  evident  miataken.  Dry  kaod  will  stand  at  ■•  leaa  angle  for  a  snvnnt  than  for  aay« 
body  elae.  For  praetloal  porpoaee.  we  may  aay  that  dry  aand,  grarel  and  eartha,  alope  nt  SS^  41-  or 
1^  to  I  {  aa  abondant  czperlenee  on  railroad  embkta  prorea.  Ponetlet  give*  tahlea  for  wnlla  to  vn- 
port  dry  earth  tloping  at  1  to  1.  or  45°;  but  as  we  do  not  believe  in  the  exiatenoe  of  sneh  earth,  we 
omit  aoeb  tables.  Sand,  gravel,  and  eartha  may  be  moistened  to  diff  degrees,  ao  aa  to  atand  at  aar 
angle  between  bor  and  vert;  and  by  moistening  and  ramming,  tbe  earths  may  be  eonverted  Into  com 
pact  masses,  exerting  little  or  no  pres ;  and  may  even  so  continue  after  they  become  drr  ;  being  then 
In  fact,  a  kind  of  air-dried  brick.  It  ia  aometimes  diffloolt  to  know  whether  earth  or  sand  ia  p^-ftctlr 
dry  or  not ;  and  an  exceedingly  amall  degree  of  moisture  will  canse  them  to  atand  at  1  to  1  In  «maO 
Keapt,  aaob  as  have  probably  been  observed  by  the  aathoritiea  on  the  anbjeet.  The  writer  fonnd  that 
flite  aand  from  the  aea-abore.  and  onder  eover.  would  stand  at  1^  to  1  daring  warm  drr  weather  and 
at  1  to  1  when  the  air  was  damp.  Yet  no  diff  whatever  in  ita  degree  of  moiatore  waa  peroentible  i» 
tbe  feeling.  Its  saaceptibility  to  dampneaa  was  of  oonn^  owing  to  salt.  A  Itew  handfuhinr  drr  earth 
may  perhaps  be  coquetted  Into  sUnding  at  1  to  1  on  a  table ;  but  so  Car  aa  onr  obstervaUnn  extends. 
when  it  ia  dumped  in  large  quantities  from  carts  and  wheelbarrow*,  its  slope  is  abnnt  lU  to  1  •  and 
this  we  consider  the  proper  one  to  be  used  in  practical  calculationa,  where  aafety  ia  the  eonaidermtloa 
of  paramount  importance. 

The  less  the  nai  slope,  the  greater  tn  the  pFes%  and  8in«^  the 
j^ope  i8  W  when  the  backing  i«  perfectly  dry,  (omitting  of  cl^rJe  its  tSXi^ 
when  io  absolutely  wHjm  to  become  partially  flnid,)  we  have,  on  the  Jroi^^f  i^eU 
«rn»"lerthii*'thJ^*l'2'^'^''^-   \'^'**'^  ^"  Arti,wec«?no«  recommend  dlmSl 

fhlp«nll1/*T.*^  at  times  to  m«ke  thicker  walls.  We  imapinrfori^B^nc"  that 
the  centrifugal  force  of  a  heavy  train,  whirling  aronnd  a  sharo  cui^I  rnn^^  ««  5?^ 
i*?««':^^  «id«.  ?ho«ld  not  be  overlooked  in  d^iimin^  wafls  f7r  ^^Ti^^^^.L^^jS! 


dnc^s  ores' ii^T«-'/^ir*"  ',1  ^^''^  **'"*'*•   Moreover,  the  simple  itynffht  of  the  train  ««.. 
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Msrnned  to  be  applied  at  }4  of  the  height  from  the  bottom ;  nor  indeed,  can  it  be 
calculated  at  all.  ' 

RiiM.  2.  Whnrf  walls  are  an  instance  where  the  thickness  Bhould  be  increased, 
notwitlistandmM:  that  the  pres  of  the  water  in  front  helps  to  sustain  them  The  earth 
behind  such  walls,  is  not  only  liable  to  be  very  heavily  loaded  when  vessels  are  dis- 
charging; but  18  apt  to  become  saturated  with  water,  especially  below  low-water 
level ;  and  thus  to  exert  a  very  great  pres  against  the  walls.  Moreover,  the  water 
gets  under  the  wall;  and  by  its  upward  pressure  virtually  re<luces  its  weight  and 
consequently  its  stability.  The  same  cause  of  course  diminishes  the  friction  of  the 
wall  upon  its  base.  Such  walls  are,  therefore,  very  liable  to  slide,  if  the  foundation 
18  smooth,  and  horizontal ;  and  have  done  so  even  when  the  foundation  had  a  con- 
siderable inclination  backward,  as  in  Fig  1.    See  Art  9. 

B«M.  8.  A  retoining.wall  ia  usually  in  greater  danger  for  a  few  months  after  its  completion,  than 
after  time  has  b«en  allowed  for  the  mortar  to  harden  perfectly ;  and  for  the  backing  to  settle.    When 


-J.-.  ,.    ..^  ,,.«.  V.  ...»  ,=»..«  w>u»iue  wiu  wc  uiuua  reaucea,  ir  toe  drst  few  feet  of  its  height  be 

Si^lV^t  k  f/^i  *"'i^n!;i'„nJ^h?T"l^*f  **^  *;T«  "f^  ^^  '"«  '»*«»°«  ^"'''e***  of  scaffolding:  S 
sbowD  at  h.  Pig  1.    Frequently  this  can  be  done  without  Inconvenience ;  and  at  very  trifling  cost. 

^^y*- *•-  "^^  change  a  vert  retoininir- wall,  into  one  with  a 
battered  face,  which  shall  present  an  eqnal  resistance 
iM^alnst    overtnrnin«r)    although    rc^nlrini^  less  masonry. 

This  13  sometimes  termed  a  transformation  of  profile.    (Orieinal  ) 
Let  a6o»,  Pig  10,  be  the  vert  wall.    Mult  its  base  v      e       •/ 

oi,  by  1.226 ;  (1.22475  is  nearer ;)  the  prod  will  be  the 

base  o  e,  of  a  triangular  wail  boe,  possessing  the 

same  stability;  and  yet  not  requiring  much  more 

than  half  the  masonry  of  the  vert  one.    See  Rem  1. 

This  being  done,  suppose  a  wall  to  be  desired  with  a 

face  batter,  of  say  3  ins  to  a  ft ;  or  1  in  4.    From  the 

p<jint  n,  where  the  face  of  the  triangular  wall  inter- 
sects that  of  the  vert  one,  step  off  vert  any  4  short 

equal  spaces ;  and  from  the  upper  one  m,  step  off  one 

space  hor,  to  v.    Through  t>  and  n  draw  the  dotted 

line  <  e,  which  evidently  will  batter  1  in  4.  Then  is 

b  gt  o  approximately  the  reqd  wall ;   but  a  little 

thicker  than  necessary.    To  reduce  it,  from  t  draw 

the  dotted  line  t  b.    Mark  the  point  c,  where  this 

line  intersects  the  face  a  i,  of  the  vert  wall;  and 

through  c  draw  d  I,  parallel  to  1 1.    Then  iabdlo 

the  reqd  wall.    Our  fig  is  drawn  in  an  exaggerated 

manner,  so  as  to  avoid  confusion  in  the  lines.    The 

base  o  e  of  the  triangular  wall,  would  not  in  reality 

be  near  so  great  as  it  is  represented. 
It  will  be  observed  that  as  the  base  increases,  the  quantity  of  masonry  diminishes. 
Rem.  1.  The  battered  wall  will  in  fact  be  safer  than  the  vert 

one.    The  battered  wall  has  the  same  moment  of  stability  as  the  vert  one ;  and  the 

pre*  of  the  earth  against  it  also  remains  unchanged,  but  the  moment  or  tendency  of  the  pi-es  to  upset 

the  wall  has  become  less.    For  let  aft  mn.  Pig  11,  represent  a  vertical  wall;  and /o  the  amounf  and 

direction  of  pres  behind  II.  (For  ease  of  illustration,  we  have  placed  o  above  the  true  cen  of  pres  of  the 

earth  flUing,  wbioh  would  he  at  one-third  of  a  n  above  n.)    Now,  the  leverage  with  which  this  pres 

tends  to  overturn  the  wall  around  its  toe  m,  is  the  dist  ma, 

measured  from  the  toe  or  fulcrum  m.  and  at  right  angles  to 

tlie  dimotion  /o  «  c  nf  the  pres ;  and  this  leverage  nuilt  by 


KglO 


the  force  /  o,  gives  the  overturning  tendency  or  moment  of 
said  force.      See  "  Momenta  and  leverage."  Again, 

let  any.  represent  a  triangular  wall  of  the  samft  stability 


a«  the  other,  as  foand  by  our  rule.  Here  we  still  have  the 
same  »mount/o.  and  direction  /o  «  c,  of  pres  force  against 
the  wall;  but  it  now  acts  to  overturn  the  wall  any 
around  the  toey;  and  therefore,  with  the  reduced  leverage 
y  e.  Consequently,  its  overturning  tendency  is  less  than 
hefbre.  Therefore,  in  ordinary  language,  we  may  say  that 
the  wall  is  stronger  than  before,  although  its  moment  of 
stability,  or  standing  tendency,  has  in  itself  undergone  no 
ehsnge.  If  the  pres/o  against  the  vert  back  were  hor,  as 
ia  the  case  of  water,  then  its  leverage  would  evidently  be 
the  same  in  both  walls ;  and  the  proportion  between  the 
overturhlng  moment  of  the  pres.  and  the  moments  of 
•lability  of  the  two  walls,  would  be  constant.    F  229. 

Rem.  2.  Tn  attempting  to  reduce  the  masonry  by  adopt- 
ing a  wail,  o  6  e.  Pig  10.  of  a  triangular  sei^tion ;  or  of  one 
nearly  approachinir  a  triangle,  special  attention  should  be 
given  to  the  quality  of  the  masonry  near  the  thin  toe«; 
which  will  otherwise  l>e  apt  to  crack,  or  fail  under  the  pres. 
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Bnc  S.   MOBBOTXB,  WMKH  COMHOII  MOKTAB  » IWCD  WITHOCT  AH  ADMIXTaRK  09  CBMUfT,  Wblob  it  ne-r0t 

ibould  (j«,  iu  reuuHiii$-wall«,wlier«dormbUit^  U  au  ot\i«(a,  agnwt  bauttr  ig  o^te«v 
tioa»ble ;  iiuumucb  as  tbe  rain,  eotnbinetl  witD  frout,  Ac,  touu  deatrojrit  Uie  mor- 
tar, la «uobcaMi,tbererore,tbe baiter ttboulduot exceed  1  orlHinato*  ft;  mud 
eren  tbeo,  at  least  tbe  p(4oiiDg  of  tbe  joiut4,  and  a  few  f«tet  iu  beigbt  of  boib 
tbe  upper  and  tbe  lower  courses  of  masoury,  sboald  be  done  witb  cement,  or 
•eineDt-nkortar.  We  bave  obeerred  a  most  marked  diffin  tbe  corrosioa  of  tbe  mor- 
tar, where,  iu  the  same  walls,  with  tbe  same  exposure,  one  poriion  has  been  built 
with  a  vert  faoe;  aud  another  witb  a  batter  of  but  l}i  iacb  to  a  foot.  Common 
mortar  will  never  set  properly,  and  eontiaue  Arm,  wheo  it  is  expoeed  to  mois- 
ture from  the  earth.  This  Is  vary  observable  near  tbe  tope  and  bottoms  of 
abuts,  retaining- walls.  4o;  the  lime'mortar  at  those  parU  will  generally  W 
found  to  be  rendered  nntirely  worthless.  AproiUe  somewhat  like  Fig  13.  maj 
at  times  prove  serviceable,  Instead  of  the  triangular.  This  is  the  form  of  the 
Gothic  buttress ;  which  probably  had  itt  origin  in  the  cause  Just  spoken  of. 

Art.  9.   A  retainlnfr«w»ll  may  slide,  witbont 
i?*je  IQ        losinip  Its  irertleallty  ;  and,  indeed,  without  any  danger 
i!  iQ  1  >C^       of  being  overtarned.    This  is  very  Kpt  to  occur  if  it  is  built  npon 
*^  a  hor  wooden  platform ;  or  upon  a  level  surf  of  rock,  or  day, 

without  other  means  than  mere  friction  to  prevent  sliding.  This  may  be  obyiated 
by  inclining  the  base,  as  in  Fig  I ;  by  founding  the  wall  at  snch  a  depth  as  to  pro- 
vide a  proper  resistance  from  the  soil  in  front ;  or  in  case  of  a  platform,  by  securing 
one  or  more  lines  of  strong  beams  to  its  upper  surf,  across  the  direction  in  which 
sliding  would  take  place.  On  wet  Clay,  friction  may  be  as  low  as  ftom  J2  to 
%  the  weight  of  tne  wall ;  on  dry  earth,  it  is  about  \iio%\  and  on  sand  or  gravel, 
about  %  to  %.    The  fhctlon  of  i 


masonry  on  a  wooden 


fcl  [c]  Icl         platform,  is  about  ^^  of  the  wt,  if  dry ;  and  %  if  wet. 

J__ t         €on  ■■  terfortS,  ebown  la  plan  at «  e  e.  Fig  IS.  eonsiat  im 

•n  inorease  of  the  thickness  of  tbe  wall,  »t  itt  hack,  at  regular  inter- 

•rr\'      I  9  vals  of  iu  length.    We  conceive  them  to  be  but  little  belter  than  % 

X'lU  x5  waste  of  masonry.    When  a  wall  of  this  kind  fails',  h  aimoet  in- 

J  variably  separates  from  its  eonnterforts :  to  which  It  is  oonneeted 

merely  by  tbe  adhesion  of  tbe  mertar ;  and  to  asligbt  extent,  by  tba 

bonding  of  th«  masonry.   Tbe  table  in  Art  7  shows  that  a  very  small  addition  to  tbe  base  of  a  wall.  Is 

attended  by  a  great  increase  of  its  strength :  we  therefore  think  that  the  masonry  of  eonnterforts 

would  be  much  better,  and  more  cheaply  employed  in  giving  the  wall  an  additional  thickness,  along 

its  entire  length ;  and  for  tbe  lower  third  of  its  height.    Counterforts  are  very  generally  need  In 

retaining- waNs  1^  Bnropean  engineers;  bat  rarely.  If  ever,  by  Americans. 

Buttresses  are  like  counterforts,  exoept  that  tbey  are  placed  infrtnt  of  a  wall  Instead  of  b«« 
bind  it;  and  that  their  profile  is  generally  triangular,  or  nearly  so.  Tbey  greatly  increase  its  strengths 
but,  being  qnsigbtly,  are  seldom  used,  except  as  a  remedy  when  a  wall  is  seen  to  be  failing. 

I«an<i"tles«  or  long  rods  of  iron,  have  bean  employed  as  a  makeshift  for  upholding  weak  ra* 
taining-walls.  Extending  through  the  wall  fh>m  its  face,  the  land  ends  are  connected  wita  anchor* 
of  masonry,  oast-iron  or  wooden  posts ;  the  whole  being  at  some  dist  below  tbe  surflioe. 

Retaining  walls  with  enrved  nroflles  are  mentioned  here  merely  to  can. 
tion  tbe  young  en^neer  against  building  them.  Altbongh  sanctioned  by  tbe  practice  of  some  high 
authorities,  they  really  possess  no  merit  sufloieBt  to  oompensata  for  the  additibnal  expense  and  iron- 
ble  of  their  construction. 

Art.  10.  Among  militaiy  men,  a  retalning-wall  fa  oalled  a  reTetment.  When  the 
earth  is  level  with  tbe  top.  a  scarp  revetment;  when  above  it.  a  counterscarp 

revetment,  or  adsmi-rwvelment.  When  the  face  of  the  wall  is  battered,  a  Sloping;  and  when  the  back 
Is  battered,  a  amntenlvpiing  revetment.    The  batter  is  called  the  talOS* 

Art.  11.  The  pres  against  a  wall  Fig  6,  from  sand  etc  level  with  its  top,  is  not 
diminished  by  reducing  the  quantity  of  sand,  until  its  top  width  c  «  becomes  lc«8  than 
that  (c  t)  pertaining  to  the  angle  c  m  <  of  maximum  pres.  The  pres  then  begins  to  di- 
minish, but  in  practice  the  dtmimftton  ianot  appreciable  nvtii  Ike  width  Uredmeed  to  about 
one  sixth  of  that  (c  »)  pertaining  to  the  angle  cm  »  of  natural  slope,  or  about  half  of 
c  t.    The  pres  then  begins  to  decrease  rapi^y  as  the  width  is  further  reduced. 

Table  4,  of  contents  In  cnb  yards  for  each  foot  In  ieiiffth 
of  retalnlni:«wall8,  with  a  thickness  at  base  eqnal  to  .4  of  the  vert  height 
if  the  back  is  vert.  If  the  back  is  stepped  according  to  tbe  rule  in  Art  3,  p  686,  the 
proportionate  thickness  at  base  will  of  coui-so  l>e  increased.  Face  batter,  i^  inches 
to  a  foot ;  or  i/gth  of  the  height.  Back  either  vert,  or  stepped  according  to  the  mie 
in  Art  3,  Fig  3.  The  strength  is  very  nearly  eqnal  to  ihat  of  a  vert  wall  with  » 
base  of  4  its  height.  See  table,  p  090.  Experience  has  proved  that  such  walls, 
when  composed  of  well-scabbled  mortar  rubble,  are  safe  under  all  ordinary  circum- 
stances for  earth  level  with  the  top.  Steps  or  offsets,  o  «,  at  foot.  Fig  1,  are  Bot  ben 
included. 
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TABLE  4.    (Original.) 


Ht. 

Cob. 

Ht. 

Cab. 

Ft. 

Yd*. 

Ft. 

T<U. 

1 

.018 

10« 

1.38 

H 

.028 

11 

1.51 

t 

.050 

H 

l.(» 

H 

.078 

13 

1.80 

8 

.113 

H 

1.W 

H 

.153 

18 

2.11 

4 

.200 

H 

2.?8 

H 

.253 

14 

2.i5 

5 

.313 

H 

2.63 

H 

.378 

15 

2.81 

6 

.450 

H 

8.00 

^ 

.528 

16 

3.20 

7 

.613 

H 

8.40 

H 

.703 

17 

8.61 

8 

.800 

H 

8.83 

H 

.903 

18 

4.05 

» 

1.01 

H 

4.28 

H 

1.13 

19 

4.51 

10 

1.25 

H 

4.75 

Ht. 

Cub. 

Ft. 

Yd.. 

20 

5.00 

H 

5.25 

21 

6.61 

H 

6.78 

22 

6.05 

.  H 

6.33 

23 

6.61 

H 

6.90 

24 

7.20 

H 

7.50 

25 

7.81 

>< 

8.13 

26 

8.45 

H 

8.78 

27 

9.12 

^ 

945 

28 

9.80 

H 

10.2 

80 
31 
32 
38 
84 
86 
36 
37 
38 
89 
40 
41 
42 
48 
44 
45 
46 
47 


Cob. 
Yd^ 


10.9 
11.8 
12.0 
12.8 
13.6 
14.5 
16.8 
16.2 
17.1 
18,1 
190 

ao.o 

2L0 
22.1 
23.1 
24.2 
25.3 
26.5 
27.6 


Cub. 
Yds. 


28.8 
80.0 
31.3 
32  5 
33.8 
85.1 
86.5 
87.8 
89.2 
40.6 
42.1 
43.5 
45.0 
48.1 
^1.2 
54.5 
57.8 
61.3 
618 


Cub. 
Yd4. 


•8.6 
72.2 
76.1 
80.0 
84.1 
88.4 
92.6 
96.8 
101.3 
105.8 
110.6 
115.2 
120.1 
125.0 
130.1 
135.2 
140.6 
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Art.  1.  In  an  arch  $  t  s.  Fig  1,  the  dist  eo  is  called  its  span ;  t'a  its  rise;  t  its' 
crown  ;  iU  iower  boundary  line,  «ao,  its  sofllt,  or  fntrados  ;  the  upper  one, 
rtr,  its  back,  or  extrados.  The  terms  soflBt  and  back  are  also  applied  to  the 
entire  lower  and  upper  curved  surfaceM  of  the  whole  arch.  The  ends  or  an  arch,  or 
the  allowing  areas  comprised  between  its  intrados  and  extrados,  are  its  fa«es;  thus 
the  area  st  s  a  ia  a  fieice.  The  inclined  surfaces  or  joints,  re,  ro,  upon  which  the  feet 
of  the  arch  rest,  or  from  which  the  arch  springs,  are  the  sfeewbaeks*  Lines 
level  with  e  and  o,  at  right  angles  to  the  faces  of  the  arch,  and  forming  the  lower 
edges  of  its  feet^  (see  nn,  Fig  2%)  are  the  sprlnfrine  lines,  or  sprlnfps.  The 
blocks  of  which  the  arch  itself  is  composed,  are  the  arcn-stones,  or  voussolrs. 
The  center  one,  <a,  is  the  keystone;  and  the  lowest  ones,  ««,  the  sprin|pers. 
The  term  archllo^k  might  be  substituted  for  voussoir,  and  like  it  would  apply  to 
brick  or  other  Oiaterlaf,  M  well  as  to  stone.  The  parts  (r,  $f\  Itre  tht  launches  ; 
and  the  spaces  trLtrb^  above  these,  ftre  the  spandrels.  The  material  deposited 
in  these  spaces  is  tiie  spandrel  fllllniir  $  it  is  sometknes  earth,  sometimes  ma- 
sonry ;  or  partly  of  each,  as  in  Fig  I. 

To  Urfe  »rehM,  U  of^o  cootisU  of  aevenl  parallel bpakdrbi.- walls,  ( I,  Fig  2H<  nranlng  lengthwise 
ct  the  rMdwajE,  or  astraddle  of  the  arch.  Tbej  are  cpTered  at  top  either  bj  Btnall  arches  from  wall  to 
wall,  or  by  flat  steoes,  for  supporting  the  material  of  the  roadway.  They  are  also  at  times  connected 
together  by  vert  cros»> walls  at  intervals,  for  steadying  them  lateral^,  as  at  ((,  Fig  2>j.  The  paru 
frpen,  |7j>on,Figl,  are  the  abut-mkhts  of  the  arch;  en,  on^  the  /ace*',  gp,  gp.  the  backs;  and 
pn,pn,  the  ba$M  of  the  abuts.  The  bases  are  usually  widened  by  /|e(,  sfsp*.  or  of$eU,  d  d.  for  dis- 
tribating  the  wt  of  th*  bridge  over  a  greater  area  of  fonndatioo ;  thuf  dimluishing  the  danger  of  set- 
tlement.   The  dtsUnos  (  a  in  any  areli'Stoae,  is  called  iu  depth. 

The  only  arches  in  common 
use  for  bribes,  are  the  eircular, 
(often  called  aegmental);  and 
the  elliptic. 

Art-«  0.  To  find  tlie 
depth  of  keystone  for 
first -elass  cnt- stone 
arehes,  whether  clr* 
enlar  or  elliptic.* 

Find  the  rad  c  o.  Fig  1,  which 
will  touch  the  arcn  at  o,  a,  and 
e.  Add  together  this  rad,  and 
half  the  span  o  e.  Take  the  sq 
rt  of  the  sum.  Div  this  sq  rt 
by  4.  To  the  qnot  add  ^^  of  a 
fr.    Or  by  formula, 


Fitfl 


•  loasmoch  as  the  mles  which  we  give  for  arches  and  »hut«  are  entirely  ortirfnnl  and  novel.  It  may 
w>t  be  amiss  to  state  that  they  an  not  altogether  empirical  i  bat  are  based  upon  accurate  drawlngr 
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Dfpth  of  Jk#'y           VRad  +  half  span 
in  feet       ^     4 

for  seeond-elMM  work,  this  depth  may  be  increased  about  ^h  part;  or 
for  briek  or  fair  rubble,  about  >^rd.   See  table  of  Keystones,  p  ti07. 

lu  iarge  Mrches  it  is  adrisable  to  increase  the  depth  of  the  archsioues  toward  the 
sprin{^ ;  but  when  the  span  is  as  small  as  about  0U  to  80  or  100  feet,  this  is  not  at  all 
necessary  if  the  stone  is  good ;  although  the  arch  will  be  stronger  if  it  is  done.  In 
practice  this  increase,  even  in  the  largest  spans,  does  not  ex(^eed  from  ^  to  ^  the 
depth  ^  the  key ;  although  theory  would  require  much  more  in  arches  of  great  rise. 

Rbm.    To  flndl  the  rtid  e  o,  whether  the  arch  be  circular  or  elliptic.    Square 
half  the  span  e  o.    Square  the  whole  rise  to.    Add  these  squares  together ;  div  the^ 
sum  by  twice  the  rise  i  a.    Or  it  may  be  found  near  enough  for  this  purpose  by  the 
dividers,  firom  a  small  arch  drawn  to  a  scale. 


Amoant  of  prcsMire  swstAinod  by  arckstones.  In  bridges  of 
the  same  width  of  roedway ;  if  all  the  otber  parti  bore  to  eadi  other  the  same  propor- 
tion as  the  spans,  the  total  pree  would  increase  as  the  squares  of  the  spans,  while  the 
pressure  pm-  miuare/oot  would  increase  as  the  spans.  But  in  practice  the  depth  of  the 
RTi^tonee  increases  much  less  rapidly  than  Uie  span ;  while  the  thickness  of  ^e 
roadway  material,  and  the  extraneoua  load  per  sq  ft,  remain  the  same  for  all  spans. 
Hence  the  total  pressures,  at  key  and  at  spring,  increase  lew  rapidly  than  the  tquaret 
of  the  spans  ;  but  more  rapidly  than  the  simj^e  gpatit;  as  do  also  the  pressures  per 
9q«are  foot  Thus  in  two  bridges  of  the  same  width,  but  with  spans  of  100  and  200  ft, 
with  depths  of  archstones  taken  from  our  table  page  697,  and  uniform  from  key  to 
spring;  supposed  to  be  iilled  up  solid  with  masonry  of  160  lbs  per  cub  ft,  to  a  level  of 
about  15  inches  above  the  crown,  (including  the  stone  paving  of  the  roadway) ;  with 
an  extraneous  load  of  100  lbs  per  sq  ft;  the  pressures  will  be  approximately  as  fol- 
lows; 


•iMii  leo  lu. 

1 

SlMhu  200  fU 

AT  KEY.                    1 

1       AT  8PBINO.       H 

AT  KBY.          1 

AT  SPRING. 

For  1  fl  In 
width  of 

it*  eotirt 
depth. 

Per  MI  ft 

Por  1  ft  In 
width  of 
it«  entire 
depth. 

Persqft. 

Porlftia 
width  of 
its  entire 
depth. 

Persqfl. 

Pwlftia 
width  of 
ttii  entire 
depth. 

Persqfk. 

BiM. 

Tons. 

Tons. 
18H 

Tons. 
58 

Tom. 
18« 

Tons. 
126 

Tens. 

Tone. 
179 

Tons. 
42 

i 

t»H 

125* 

67 

19 

lis 

«7X 

181 

44 

16 

11 

9 

67H 

SO 

9T 

5}« 

16H 

198 
207 
230 

♦7« 

S8 

It  will  be  seen  that  with  the  same  span,  the  pree  at  the  key  becomes  lees,  while  that 
at  the  spring  becomes  greater,  as  the  rise  increases.  Also  that  when  the  archstonw 
are  of  uniform  depth,  the  pres  at  either  spring  of  a  semicircular  arch  is  about  4  timfs 
as  great  as  at  the  key ;  whereas  when  the  rise  is  but  one^xth<^  the  span,  the  {wes  at 
spring  averages  but  about  one-third  greater  than  at  the  key.  I^ese  proportions  vary 
somewhat  in  different  spans. 

The  greater  pree  per  sq  ft  at  the  springs  may  be  reduced  by  increaaiBg  the  depth  of 
the  archstones  towards  the  springs.   This  however  is  not  neceeaarjf  in  ao^erate  spuit, 

698,  or  by  partly  fill. 

...        may  be  diminished, 

say,  as  a  rough  average,  about  |  part. 

»nd  oslealatinns  made  by  the  writer,  of  lines  of  pres,  Ac,  of  arches  from  1  to  .300  ft  spun,  and  of  erery 
«r^'  !^^.u  "«"'*«*/«'«  to  A  of  the  span.  Prom  these  drawing*  he  endeamred  to  And  proporiicaa 
whieh,  although  they  might  not  endnre  the  test  of  strioi  criticism,  wonld  still  apply  to  all  tbeeaaa 
With  an  aceuraoy  snffletent  for  ordinary  practical  purpoaea. 
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Table  !•    Of  «onie  existins  arches,  with  both  their  actual  and  thei 

calcalated  depths  (by  onr  rule)  of  keystone,  where  two  depths  are  given  in  the  column  of  keys  tk 
•mallest  is  for  first  class  oat-stone,  and  the  largest  for  good  rubble,  or  brick.  Those  also  which  ai 
not  specified  are  of  first  class  cut-stone.  G  stands  for  circular,  E  for  elliptic.  For  2d  class  work,  ad 
about  >ilh  part;  and  for  brick,  or  fair  rubUa,  about  ^th. 


i  i  i  a  i  .!  I 


ilU  i  1 1  III  I  f  IL      1 11|1  i  - 1 1  i  -■  III 


l^ 

£ :  Ja5  s 

4.92 

2.671 

4.6 

8.6 

4 

8.75 
S 

8.17 
2.83 

2.66 

5  s«« « 1::  5  52  „  S « sS" 

i 

t 

^y^ii 

00  ^NOO             0»AA 

1  gSS  g  SS?5g  5 

S  B5S  5  Is  S  !5IS  S  5  S  ^^8 

i 

"?    «  •  "^ 

i 

£ii2S2  5 

141.4 
124 
120 
118 

116.5 

95.5 

90 

90 

90 

80 

g  ess  g  88  8  SS  g  S  5  ^SS 

OOBSKO  o 

H    OHO   O       OOO   O 

O  OWO   B   HO   O   »C3   H  O  O   OOK 

L 


•  Granite.    Width  12  ft.    The  centers  (not  struck  for  4  months)  rested  on  sand  in  1-S2  inch  sbee 
iron  cylinders  1  ft  high,  1  ft  diameter.  Not  injured  by  a  distributed  load  of  .H< 

tons,  nor  by  a  wi  of  6  tons  falling  18  ins  on  key.  ToUl  settlement  about  inch  and  a  quarter.  Depi 
of  arohstones  2417  ft  at  key ;  8.6  ft  at  springs.  Rise  about  one-eighteenth  of  span.  Mortar  joints  fu 
quarter  inch  thick. 
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Th«  arch  oa  the  BovHBomrAis  RAawAT,  t«  probab^  fhe  boldest:*  and  thb  Cabot  Johm  axch,  Ixf 
Capt.  now  Oeii'l  M.  C.  Meig*.  U  S  Army,  the  grandest  stone  one  in  exiateooe.  Pomv-v-Pbyod,  ia 
Walei,  la  a  common  road  bridge,  of  verj  rude  construction  ;  with  a  dangerously  ateep  roadwaj.  It 
was  built  entirely  of  rubble,  in  mortar,  by  a  common  countrv  mason,  in  1750;  and  is  still  in  perfeot 
condition.  Only  the  outer,  or  ahowUtg  arch-stones,  are  2.5  ft  deep ;  and  that  depth  ia  made  up  of  two 
atonert.  The  inner  arch^atones  are  but  1.5  ft  deep ;  and  but  from  (>  to  9  inches  thick.  The  stone  quar- 
ried with  tolerably  fair  natural  beds :  and  received  little  or  no  dressing  in  addition.  The  bridge  ia  a 
One  example  9f  that  ignuranoe  which  often  passes  for  boldness.  Port  Napoi.boh  carriea  a  railroad 
across  the  Seine  at  Paris.  The  arches  are  of  the  uniform  depth  of  4  ft,  from  crown  to  spring.  They 
are  composed  chiefly  of  *maU  rougk  qutrrji  ehipt.  or  $pawU  ;  well  washed,  to  free  ihem  from  dirt 
and  dust:  and  then  thoroughly  bedded  in  good  censent;  and  grouted  with  the  same.  It  ia  in  fact  aa 
arch  of  eement-coocrete.  The  Pokt  dk  Alma,  near  it,  and  buiU  in  the  »ame  vag,  has  elliptic  ardkeii 
of  fh)m  LW  to  141  ft  span ;  with  rises  of  ^  the  span.  Key  4.9  ft.  These  two  brUgee,  eonsidering  the 
want,  of  precedent  In  this  Und  of  conatrootion,  en  ao  large  a  scale,  must  be  regarded  as  Terr  bold; 
and  as  reOeeting  the  highest  <»«dlt  for  practical  science,  upon  their  engineers,  Darcel  and  Coucbe. 
Some  trouble  arose  from  the  uneqaal  contraction  of  the  different  thicknesses  of  cement.  Tber  show 
what  may  be  readily  accomplished  in  arches  of  moderate  spana,  by  means  of  small  atone,  and  good 
kgdrauUe  otmeiU  when  large  stone  Bt  for  arches  is  not  procurable.  In  Pont  Napoleon  the  depth  of 
arch  is  less  than    our  rule  gives  for  second  class  cnt-stone. 

Rkm.  Onreniirln««niAi*e>asnally  tooflparinffofeement-.  Itsboold 
be  freely  used,  uot  only  ia  the  arched  themselves,  aod  iu  the  masonry  above  them,  as  a 
protection  from  rain-soakage ;  but  in  abuts,  wing-walls,  retain! ng-wcdk,  and  all  other 
important  masonry  exposed  to  dampness.  The  entire  backs  of  important  brick  arches 
should  be  covered  with  a  layer  of  good  cement,  about  an  inch  thick.  The  want  of  it 
can  be  seen  throngliout  most  of  our  pnUie  works.  The  common  mortar  will  be 
found  to  be  decayed  and  falling  down  from  the  soffits  of  arches;  and  from  the  Joints 
of  masonry  generally,  within  from  3  to  6  ft  of  the  surface  of  the  ground.  The  mois- 
ture rises  by  capillary  attraction,  to  that  dist  above  the  surf  of  the  nat  -soil ;  or 
descends  to  it  from  the  artificial  surf  of  embankments,  &c ;  therefore,  cement-mortar 
should  be  employed  in  those  portions  at  least.  The  mortar  in  the  faces  of  battered 
walls,  even  when  the  batter  is  but  1  to  1^  inches  perfoot,  ts  £etr  more  injured  by  rain 
and  exposure,  than  in  vert  ones ;  and  should  therefore  be  of  the  best  quality.  See 
Mortar,  &c. 

We  have,  however,  seen  a  quite  free  percolation  of  surface  water  through  brick 
arches  of  nearly  3  ft  in  depth,  even  when  cement  was  freely  used.  In  aqueduct 
bridges,  we  believe  that  cement  has  not  been  found  to  prevent  leaks,  whether  the 
arches  were  of  brick,  or  even  of  cut-stone.  May  not  this  be  the  effect  of  cracks 
produced  by  settlement  of  the  arch ;  or  by  oontraction  and  expansion  under  atmos- 
pheric influence  ?    Cement  at  any  rate  prevents  the  Joints  fk'om  crumbUng. 

Art.  3.  Tlie  k«jrfitoii«8  for  larcre  elllptle  arehes  by  the  best  en- 
gineers, are  generally  made  about  ^  part  deeper  than  onr  rule  requires  ;  or  than  is 
considered  necessary  for  circular  ones  of  the  same  span  and  rise ;  in  order  to  keep  the 
line  of  pres  well  within  the  Joints ;  although  the  elliptic  arch,with  its  spandrel  filling^ 
-ySl  has  slightly  less  wt;  and  that  wt  has 

a  trifle  less  leverage  than  in  a  circular 
one;  and  consequently  it  exerts  less 
pres  both  at  the  key,  and  at  the  skew- 
back.  See  London,  Oloiacester,  and 
Waterloo  bridges,  ia  the  preceding 
table. 

Rkic.  Yonng  engineers  are  apt  to  aflbct  shallow  arch-ttones ;  bat  tt  would  be  far  better  to  adopl 
the  opposite  course :  f»r  not  only  do  deep  ones  make  a  more  stable  strnotnra,  but  a  thin  aroh  is  aa 
unsightly  an  object  as  too  slender  a  oolumn.  Aooording  to  our  own  taste,  areh-stonee  fully  }i  deeper 
than  our  rule  gives  for  flrstolass  cut-stone,  are  greatly  to  be  preferred  when  appearance  is  oonsnlted. 
Bspeoially  when  an  aroh  Is  of  rough  rubble,  whieh  oosts  about  the  same  whether  it  is  built  up  as 
arch,  or  aa  spandrel  flUinff.  it  is  mere  fblly  to  make  the  arches  shallow.  Stability  and  durability 
should  be  the  objeou  aimed  at;  and  when  they  oan  be  attained  even  to  exoeia,  without  Increased  ooat, 
It  ii  best  to  do  so. 


RflJi 


•  Built  like  that  at  Soupes  In  the  preoeding  table. 
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Table  2.  Depths  of  hey«tone«  for  nrcbes  of  first-cl&ffi  cut  stone, 
by  Art  2.  For  second  class  add  full  one-eiehth  part ;  and  for  superior  brick  one- 
fourth  to  one-third  part,  If  the  span  exceeds  about  15  or  20  ft.    Original. 

Rise,  in  porta  of  tbe  span. 


Sfak. 
Feet. 

i 

* 

i  , 

i 

i 

t 

A 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft. 

Key.  Ft 

3 

.55 

.56 

.58 

.60 

.61 

.64 

.68 

4 

.70 

.72 

.74 

.76 

.79 

.83 

88 

6 

.81 

.83 

.86 

.89 

.92 

.97 

1.03 

8 

.91 

.93 

.96 

1.00 

1.03 

1.09 

1.16 

10 

.9» 

l.Ol 

1.04 

1.07 

1.11 

1.18 

126 

15 

1.17 

1.19 

1.22 

1.26 

1.30 

l.M 

1.50 

SO 

1.32 

1.36 

1.88 

1.43 

1.48 

1.69 

1.70 

25 

1.46 

1.48 

1.53 

1.58 

1.64 

1.76 

1.88 

30 

1.57 

1.60 

1.65 

1.71 

1.78 

1.91 

2.04 

36 

1.68 

1.76 

1.76 

1.83 

1.90 

2.04 

2.19 

40 

1.78 

1.81 

1.88 

1.95 

2.03 

2.18 

2.38 

50 

1.97 

200 

2.06 

2.16 

2.26 

2.41 

2.68 

60 

2.14 

2.18 

2.26 

2.35 

2.44 

2.62 

2.60 

■HO 

2.44 

2.49 

2.58 

2.68 

2.78 

2.98 

3.18 

100 

2.70 

2.76 

2.86 

2.97 

8.09 

8.32 

3.56 

IW 

2.94 

2.99 

8.10 

3.22 

8.36 

8  61 

3.88 

140 

3.16 

8.21 

3.33 

8.46 

8.60 

3.67 

4.16 

160 

3.36 

8.44 

3.58 

3.72 

3.87 

4.17 

180 

3.56 

8.63 

3.76 

8.90 

4.06 

4.38 

200 

3.74 

3.81 

3.95 

4.12 

4.29 

220 

3.91 

4.00 

4.13 

4.30 

4.48 

240 

4.07 

4.15 

4.30 

4.48 

260 

4.23 

4.31 

4.47 

4.66 

280 

4.38 

4.46 

4.63 

300 

4.63 

4.62 

4.80 

Art.  4.  To  proportion  tbe  abnUi  for  an  ^rch  of  stone  or 
briefc,  wbetber  elrealar  or  elliptic.    (Original.) 

The  writer  ventures  to  oflfer  the  following  rule,  in  the  belief  that  it  will  be  found 
to  combine  the  requirements  of  theory  with  those  of  economy  and  ease  of  applica- 
tion, to  perhaps  as  great  an  extent  as  is  attainable  in  an  endeavor  to  reduce  so  com- 
plicated a  subject,  to  a  simple  and  reliable  worfeinip  rnle  for  prac- 
tical bridare-ballders.  This  is  all  that  he  claims  for  it.  Notwithstanding  its 
simplicity,  it  is  the  result  of  much  labor  on  his  part.  It  e4)plies  equally  to  the  smallest 
culvert,  and  to  the  largest  bridge ;  whatever  may  be  the  proportions  of  span  and  rise ; 
and  to  any  height  of  abut  whatever.  It  applies  also  to  all  the  usual  methods  of  filling 
aliove  the  arch ;  whether  with  solid  masonry  to  the  level  vf.  Fig  2,  of  the  top  of  the 
arch ;  or  entirely  with  earth ;  or  partly  with  each,  as  represented  in  the  fig :  or  with 
parallel  spandrel-walls  extending  to  the  back  of  the  abut,  as  in  Fig  2}^.  Although 
the  stability  of  an  abut  cannot  remain  precisely  the  same  under  all  these  conditions, 
yet  the  diff  of  thickness  which  would  follow  from  a  strict  investigation  of  each  par- 
ticular case,  is  not  sufRcient  to  warrant  as  in  embarrassing  a  rule  intended  lor  popu- 
lar use,  by  a  multitude  of  exceptions  and  modifications  which  would  defeat  the  very 
object  for  which  it  was  designed.  We  shall  not  touch  upon  the  theory  of  arches, 
except  in  the  way  of  incidental  allnsion  to  it.  Theories  for  arches,  and  their  abuts, 
omit  all  consideration  of  passing  loads;  and  consequently  are  entirely  inapplicable 
in  practice  when,  as  is  Arequently  the  case,  (especially  in  railroad  bridges  of  moderate 
siMtns,)  the  load  bears  a  large  ratio  to  the  wt  of  the  arch  itself.  Hence  the  theoretical 
line  of  thrust  has  no  place  in  such  cases.  Our  rule  is  intended  for  common  practice : 
and  we  conceive  that  no  error  of  practical  importance  will  attend  its  s^plication  to 
any  case  whatever ;  whether  the  arch  be  circular  or  elliptic. 

It  ffives  a  tbickness  of  abut,  wbicb,  wltbont  any  backlnfp 
of  eartb  bebind  it,  is  safe  In  itself,  and  in  all  cases,  aicainst 
tbe  pres,  wben  tbe  bridfpe  In  unloaded.  Moreover,  in  very  large  arches, 
in  which  the  greatest  Ickad  likely  to  come  upon  them  in  practice  is  small  in  comparison 
with  the  wt  of  the  arch  itself,  and  the  filling  above  it,  our  abuts  would  also  be  safe 
from  the  loaded  bridge,  without  any  dependence  upon  the  earth  behind  them ;  but 
as  the  arches  become  less,  and  consequently  the  wt  of  the  load  becomes  greater  in 
proportion  to  that  of  the  arch,  and  of  the  filling  above  it,  we  must  depend  more  and 
more  upon  the  resistance  of  the  earth  behind  the  abuts,  in  order  to  avoid  the  neces- 
sity of  giving  the  latter  an  extravagant  thickness.  It  will  thtr^fcre  be  understood 
Vtrnnghout  thai,  except  when  parallel  gpandrel  umlU  are  used,  our  rules  suppose  tltat 
after  the  bridge  is  finished,  earth  wiU  he  deposited  beliind  the  abuts,  and  to  Vie  height 
of  the  roadway,  as  usual. 
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In  small  bridges  and  large  cuiverto  of  first  class  nulroada,^sttl||60t  to  the  Janins 
of  heavy  trains  at  high  speeds,  the  comparative  cheapness  with  which  an  excess  of 
strength  can  thus  be  giren  to  important  structures,  has  led,  in  many  cases,  to  the 
nse  of  abntuienis  from  oue-fourtli  to  one-half  thicker  than  by  the  following  rule. 
If  of  rouyh  rubble  add  6  ins  to  insure  full  thickness  in  every  part. 


Thiekt  on  of  abiU  at  tpring 

inft^  when  the  lieight  o  s 

doti  not  exceed  1^  times  Vie 

iKisesp 


Radinft     ■  rise  in  ft   ,    ^^ 


Mark  the  points  n  and  y  thus  ascertained.  Next,  from  the  center  t,  of  the  span 
or  chord  e  o,  lay  oflf  i  A,  equal  to  -^j  part  of  the  span.  Join  a  h ;  and  through  *i,  and 
parallel  to  a  A,  draw  the  indefinite  line  ^np  of  the  abut.  Do  the  same  with  the 
other  abut.  Make  y  m  and  ng  each  equal  to  half  the  entire  height  1 1  of  the  arch ; 
and  from  g  draw  a  straight  line  ^«,  touching  the  back  of  the  arch  as  high  up  as  pos> 
sible ;  or  still  better,  as  shown  at  tm,  with  a  rad  d « or  d  m,  (to  be  found  by  trial,) 
describe  an  arc  t  m.  Then  ^  a;  or  <  m  will  be  the  top  of  the  masonry  filling  above  the 
arch;*  and  this  should  be  completed  before  striking  the  centers;  before  which, 
Also,  the  embkt  should  be  finished,  at  least  up  to  y  n. 


Now  find  by  trial  the  point »,  Fig  2,  at  which  the  thickness  sp  ia  equal  to  two- 

•  RXOBFT  WHXK    TH«  RI8«  » 
BUT   ABOUT  4-  OF   THB   BPAll,  OB 

LBss ;  in  wblob  ease  OBrry  i\M 

maKonry  up  solid  to  the  level 

vtf,  of  the  top  of  the  arch.  Or 

If  the  arch  Is  a  large  one,  ex- 

eeedioff  saj  about  80  ft  span; 

and  eapeolally  if    lu    rise  U 

greater  tbaa  abeat  -^  of  Itt 

spaa,  it  is  better  to  eoononlse 

masonry  bj  the  use  of  parallel 

Interior  Bpandrel-walls.  1 1,  FIj 

»H.  carried  up  to  vtf.  Fig  J. 

Indeed,  su«h  Interior  walls  nay 

often  be  advantageously  intrs- 

dnoed  in  much  smaller  arches. 

When  high,  they  are  steadied 

by  occasional  cross- walls,  as  it. 

Fig  2H.    Tbeir  feet  sbavld  be 

spread  by  ofltiete.  as  shown  at  e  •  o,  ee  as  to  bear  npon  the  whole  serf  of  the  b^J  of  *J«  arch  :  thus 

equaMzing  the  pres  upon  it.    On  top  of  the  walls  flagstones  may  he  '»«*J?;  •"*if;2^  "'^^ 

turned  from  wall  to  w^,  for  supporting  the  ballast,  &o,  of  the  roadway.    The  spaees  l^lowjsre  ten 

hoUow.    In  Fig  i^i  the  dark  part  «e  w  Is  supposed  to  be  a  section  across  an  abutment .  but  ofultuaf 

ths  second  cross-wall,  similar  to  1 1.    In  R  R  bridges,  put  a  spandrel-waU.  1 1,  under  caoh  rail. 


nn 
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tbiTdfl  of  the  correspoDding  rert  height  o  t,  and  draw  sp.  Then  will  the  <Mdbi«M 
on  or  ey  be  that  at  the  epringing  line  of  the  given  circular  or  elliptic  arch  of  any 
rise  and  span ;  and  the  line  gp  will  be  the  b<ick  of  the  abut ;  provided  its  height  o  s 
does  not  exceed  1^  times  sp;  or  in  other  words,  provided  spia  not  less  than  %  of 
o  *.  In  practice,  o  »  will  rarely  exceed  this  limit ;  and  only  in  arches  of  considerable 
rise.  But  if  it  should,  as  for  instance  at  oq,  then  make  the  base  qu  equal  to  sp,  added 
to  one-fourth  of  the  additional  height  sq;  and  draw  the  back  uw,  parallel  to  gp; 
and  extending  to  the  same  height,  Ac,  as  in  Fig  2.  If,  however,  this  addition  of  % 
of  sq  should  in  any  case  give  a  base  q  u,  less  than  one-half  the  total  height  o  q,  (which 
will  very  rarely  happen  in  practice,)  then  make  qu  equal  to  half  said  total  height ; 
drawing  the  back  parallel  to  gp,  and  extending  it  to  tne  same  height  as  before.  The 
additional  thlckneeses  thus  found  below  <j»,  have  reference  rather  to  the  pres  of  the 
earth  behind  the  abut,  than  to  the  thrust  of  the  arch.  In  a  very  high  abut,  the  inner 
line  a  p  would  ^ve  a  thickness  too  slight  to  sustain  this  eai-th  safely. 

When  the  height  o  6,  Fig  2,  of  the  abut  is  less  than  the  thickness  on  at  spring,  a 
small  saving  of  masonry  (not  worth  attending  to,  except  in  large  flat  arches)  may  be 
effected  by  reducing  the  thickness  of  the  abut  throughout,  thus:  Make  ok  equal  to 
on^  and  draw  kl.  Make  oz  equal  to  \  of  on,  and  draw  U.  Then*  for  any  height 
o6  of  abut  less  than  on,  draw  b  v,  terminating  in  I  z.  This  h  v  wUl  be  sufficient  base, 
if  the  foundations  are  firm.  The  back  of  the  abut  will  be  drawn  upward  firom  v, 
parallel  to  ^  p,  and  terminating  at  the  same  height  as  ^  or  «;. 

Rkm.  1.  All  the  abuts  thus  found  will  (with  the  provisions  in  Art  6)  be  safe, 
without  any  dependence  upon  the  wing-walls ;  no  matter  how  high  the  embkt  may 
extend  above  the  top  of  the  arch.  If  the  bridge  is  narrow,  and  the  inner  faces  of 
the  wing-walls  are  consequently  brought  so  near  together  as  to  afford  material  as- 
sistance to  the  abuts,  the  latter  may  be  made  thinner;  but  to  what  extent,  must 
depend  upon  the  Judgment  of  the  engineer. 

We,  howerer,  raatton  Um  yoeng  praotittoner  to  l>e  eareftal  how  be  adopts  dinentlons  ]eM  tban  tboM 
fiven  by  oor  rale.  There  are  certain  practical  oonsiderations.  snob  as  oareleaeneits  of  workmaDship ; 
•evneaa  of  the  morUr ;  danger  of  ondae  strains  when  remoTiag  the  centers ;  liability  of  derange- 
ment Anring  the  proeess  of  depositing  the  earth  behind  the  abuU,  and  over  the  arch ;  4o,  wbiob  must 
notbe  overlookea;  altboagb  it  is  impossible  to  reduce  them  to  calculation. 

WbeneTcr  it  oan  be  done,  tbe oenter*  shenM  remain  in  place  until  the  embkt  is  finished;  and  for 
WMM  time  afterward,  to  allow  the  morur  to  set  well.    But  for  more  on  this  see  Bern  4,  p  713. 


Rnt .  2.  A  good  deal  of  Itbertj  is  sometimes  taken,  in  reducing  the  quantity  of  masonry  al>ove  the 
springing'  line  of  arches  of  eftnriderable  rise,  and  of  moderate  spans.  When  care  Ib  taken  to  leare 
the  centers  standing  until  t^e  earth  filling  is  eompleted  above  the  arch,  and  behind  its  abuts,  so  that 


it  may  not  be  deranged  by  accident  during  that  operation ;  and  when  good  cement  is  used  instead  of 
eommon  mortar,  such  experiments  may  be  tried  with  comparative  safety ;  especially  with  culvert 
arches,  in  which  the  depth  of  arch-stones  is  great  in  proportion  to  the  span.  They  must,  however,  l>e 
left  to  the  judgment  of  tbe  engineer  in  charge ;  as  no  specific  rules  oan  be  laid  down  for  them.  Tbey 
can  hardly  be  regarded  as  legiUmate  praetiee,  and  we  eannot  recommend  them.  We  have  known 
nearly  semloironlarVtrches,  of  80  to  40  ft  span,  to  be  thui  bnilt  soeoessftally,  with  scarcely  a  particle 
of  masonry  above  the  springs  to  back  them.  Such  arches,  however,  are  apt  to  fall,  if  at  any  future 
period  the  earth  filling  is  removed,  without  taking  the  precaution  to  first  build  a  oenter  or  some  other 
support  for  them.  Even  when  tbe  embkt  can  be  finished  before  the  centers  are  removed,  we  cannot 
recommend  (and  that  only  in  small  spans)  to  do  less  than  to  make  n  9,  Fig  S,  equal  to  )^  of  the  total 
height  <  t  of  the  arch  ;  and  from  t  so  found,  to  draw  a  straight  line  touching  the  back  of  the  arch  as 
high  np  as  possible. 

Rbm.  a  We  have  said  nothing  about  battering  tli«  ftMes  of  the  Mbmto, 

because  in  the  crowing  of  streams,  the  batter  either  diminishes  the  water-way ;  or 
requires  a  greater  span  of  arch.  Such  a  batter,  however,  to  the  extent  of  Arom  ^ 
to  1^  ins  to  a  ft,  is  useful,  like  the  offsets,  for  distributing  the  wt  of  the  structure, 
and  its  embkt,  over  a  greater  area  of  foundation ;  especially  when  the  last  is  not 
naturally  very  firm ;  or  when  the  embkt  extends  to  a  considerable  height  above  the 
arch.  In  our  tables,  Nos  3  and  5,  of  approximate  quantities  of  masonry  in  semip 
circuhir  bridges  of  from  2  to  60  ft  span,  the  faces  are  supposed  to  be  vert 

Art.  5.  Almtment^pfera.  When  a  bridge  consists  of  several  arches,  sus- 
tnined  by  piers  of  only  the  usual  thickness,  if  one  arch  should  bv  accident  of  flood, 
or  otherwise,  be  destroyed,  the  a4jacent  ones  would  overturn  the  piers ;  and  arch 
after  arch  would  then  fall.  To  prevent  this,  it  is  usual  in  important  bridges  to  make 
some  of  the  piers  sufficiently  thick  to  resist  the  pres  of  the  adjacent  arches,  in  case 
of  such  an  accident ;  and  thus  preserve  at  least  a  portion  of  the  bridge  from  ruin. 
Such  are  called  abutment-piers. 

Our  formula  of  —  ^  -  -  ^  S  ft,  for  the  thickness  at  spring;  with  the  back  battering  as  before, 
atthemuof -Xof  thespantotherlae;  fsoevert;  will  of  itself  («eftke««<myM«i(^eaMoM>rffre«i 
MeAts)  give  a  perfketly  safe  abut-pier.  for  any  unloaded  bridge ;  and  to  any  height  whatever ;  due 
tenud  being  had,  however,  to  the  consideration  alluded  to  in  the  next  Art.  Thus,  for  an  abut-pier 
•sbigh  as  o  ff.  Fig  1 :  or  of  any  greater  height ;  it  is  only  necessary  first  to  find  the  thlckncM  •  »•  •» 
spring  as  before;  and  then  draw  the  battered  back^fip:  extendln|  it  down  to  the  »>*"  »»  »j.''{"V- 
Mt  adding  M  oC  Uw  additional  height  s  g.    This  addhted  U  made  in  the  «ue  of  abuts,  that  they 
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■»/  be  Moart  frMn  the pres of  tbe  earth  bebind  them;  m  well  u  ftfom  Che pres of  the  udi;  «eo«. 

eideratiou  which  does  not  applj  to  abat-piers ;  to  which  00I7  the  pres  of  the  arch  is  to  be  reeleied. 

But  although  the  abut-pier  thua  found  by  our  formeia,  would  be  abttndaatlj 
•afe,  yet  its  shape  a  b  c  o.  Fig  8,  is  inadmissible.  In  practioe  it  would  b« 
changed  to  ooe  somewhat  like  that  shown  by  the  dotted  lines ;  having  an  equal 
degree  of  batter  on  both  faoes.  This  of  oonrse  requires  more  masonry,  with 
but  little  increase  of  stability ;  but  that  cannot  be  avoided. 

Whsh  av  ABur-rau  u  atjivt  m  dskp  watbb,  or  in  a  shallow  strean  sub- 
ject to  high  freshets,  care  most  be  Uken  that  water  cannot  And  iu  way  uHd«r 
the  pier,  and  thus  produce  an  upward  pres,  a-hich  will  either  diminish,  or 
entirely  counteract  its  efficiency  as  an  abut.    Bee  Remark  X,  Art  i,  of  Hy- 


Art.  6.  Inelinatioii  of  the  eonrmem  of  masonr  j^ 
below  (he  sprini:*  of  an  areh.  Although  our  fore- 
going rule  gives  a  thickness  of  abut  which  cannot  be  otMsrtttmed^ 
or  upget^  by  the  pres  of  the  arch,  yet  if  the  arch  be  of  large  span, 
and  small  rise,  its  great  hor  thrast  may  produce  a  sliding  out- 
ward of  the  masonry  near  the  level  of  the  springs,  if  the  stones 
are  laid  in  hor  courses ;  especially  if  the  mortar  has  not  set  welL 


Rg.+ 


This  inclination  of  the  masonry  if  aa  1 
aary  in  an  elliptic  arch,  Fig  4^  as  in  a  circular 
one. 


•  This  curved  line  of  pressnres  Is  found  in  the  manner  directed  at  Rem  1,  p  860.  and  at  Vig  S,  p 
2  >l.  Rankine,  Moseley,  and  others  call  it  the  line  of  resifttaueet  (uid  ap- 
ply Un€  o/preuurt  to  another  line  which  need  not  be  introduced  in  a  practical  consideration  of 
abutments,  walls,  dams,  ftc.    They  however  call  anr  given  point  in  our  line  a  center  of  j>re«««rs. 


because  at  any  part  of  the  height  o'f  the  abut  such  point  shows  where  all  the  pressure  or  thrust  may 
for  many  purposes  be  assumed  to  be  concentrated.  The  perverelon  of  common  technical  terms  » 
reprehensible.    Said  other  line  had  better  been  called  the  lime  0/  rt»uU«iU*.    We,  both  here 


and  elsewhere,  call  the  one  to  which  we  reter  the  line  of  preaAnre* 
or  of  thrust,  simply  because  bridge  masons  have  no  idea  uf  any  other  line 
curving  through  an  abut,  and  inasmuch  as  the  pressure  or  thrust  is  greatest  iu  that  line  (Jkey  verr 
properly  so  term  it.  Again,  we  have  said  above  and  elsewhere  that  the  bed-Joints  should  be  nearlV 
perp  to  this  line  of  thrust.  Theory  properly  requires  them  to  be  at  riiptat 
anirles  to  the  resuitanl«  which  eut  the  bed-Joints  at  this  line  of 


thrust.    Still  we  know  that  on  account  of  the  (Hction  of  masonry  we  may  with  perfect  safety  vary  as 
much  as  about  30°  from  a  right  angle  to  these  resolunts,  without  depending  at  all  on  the  strasgth 

of  the  niortar :  ...  .....  _      .        .  -^ 


^ B  strength 

and  in  using  our  rule  of  thumb  on  the  next  psge  for  drawing  1b' 
^...v»  xvu-juiuui,  we  aunii  aiways  be  far  within  the  limit  of  30°;  and  therefore  fttUy  safe  from  »lid' 
uur  rules  do  not  call  for  this  line,  nor  for  anything  more  than  the  spaa,  rise,  and  radius  of  the  a 
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Th*  elllptie  ferm  Ic  plstnlj  imfkTorsMe  for  mlting  th«  •reh-itonM  with  Che  inclined  muonry  near 
the  epringt,  m  ■•  to  reoeive  the  thrttst  properlj ;  or  about  at  right  angles  to  its  resultant.  In  ordi< 
umrj  eases  this  difiOoulty  may  be  overoome  by  making  the  joints  of  only  the  outside  or  showing  areh- 
Mooea  tooonfonu  to  the  elliptic  curve;  as  between  e  and  a;  while  the  joints  of  the  inner  or  hidden 
ones,  may  have  the  directions  shown  between  g  and  u,  nearly  at  rightangles  to  the  line  of  thrust.  It 
will  rarely  happen,  however,  that  the  young  engineer  will  have  to  construct  eUiptio  arches  of  suffi- 
«ieat  magnitude  to  require  either  this,  or  any  equivalent  expedient.  For  spans  less  than  60  ft,  with 
rines  not  less  than  about  X  of  the  span,  nothing  of  the  kind  is  actually  neoesaary,  if  the  mortar  is 
good,  and  has  time  to  harden. t 

In  order  to  incline  the  masonry  of  any  abut  with  sufficient  accuracy,  it  would 
be  necessary  first  to  trace  the  curved  line  of  pres  of  the  given  arch,  as  directed  in 
Art  72  of  Force  in  Rigid  Bodies,  so  as  to  arrange  the  bed  juints  about  at  rightangles 
to  it  at  every  point  of  its  course;  bntwe  offer  the  following  process  as  sufBcing  for  all 
ordinary  practical  purposes;  while  its  simplicity  places  it  within  tha reach  of  the  coni- 
aaoa  mason.  In  actual  bridges  the  direction  of  the  actual  thrust  changes  as  the  load 
is  passing ;  therefore,  in  practice  no  given  degree  of  inclination  of  the  abut  masonry 
can  conform  to  it  precisely  during  the  entire  passage.  Consequently,  any  excess  of 
refinement  in  this  particulai',  becomes  simply  ridiculous ;  especially  in  small  spans. 
Rule  for  inellain^  the  beds  of  the  masonry  in  file  abais. 
Add  tofsether  the  rad  em,  Fig  4;  and  the  span  of  the  arch.  Div  the  sum  by  6.  To 
the  quot  add  3  ft.  Make  o  f,  on  the  rad,  equal  to  the  last  sum.  Then  is  <  a  central 
point,  toward  which  to  draw  the  directions  of  the  beds,  as  in  the  fig.  Draw  1 1  bor, 
and  from  <  as  a  center,  describe  the  arc  o  y ;  o  being  the  center  of  the  depth  of  the 
springers.  From  y  lay  off  on  the  arc  the  dist  y  n,  equal  to  one-sixth  part  of  ty;  draw 
tn  a.  It  will  never  be  necetBory  to  incline  the  masonry  below  this  tn  a.  Neither 
need  the  inclination  extend  entirely  to  the  face  m  i  of  the  abut ;  but  may  stop  at  «, 
about  halfway  between  i  and  «.  From  •  upward,  the  inclination  may  exusd  for- 
ward to  the  line  em.  • 

r  The  feet  of  both  elliptic  and  semicircular  srehes  are  alwavs  made  hor ;  but  it  is  plain  from  Fig 
4}i.  that  this  practice  is  at  variance  with  correct  principles  of  stability  in  the  case  of  the  ellipse.  It 
is  the  same  in  the  semioirele.  In  ordinary  bridges  of  the  latter  form,  Uie  vert  pres,  or  weight  resting 
on  each  skewbaok.  is  (roughly  speaking)  usually  about  from  S^  to  4  times  the  hor  pres  on  the  same ; 
and  the  total  pres  is  about  4  times  as  great  as  the  pres  on  the  keystone.  Therefore,  theorettoallv,  the 
akewbaok  should  usually  be  about  4  tiroes  as  deep  as  the  keystone ;  and  iu  bed,  Instead  of  being  hor, 
ahonld  be  Inclined  at  the  rate  of  about  1  vert  to  4  hor. 
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When  the  arah  ia  flat,  thU  loollnaUoD  muj  b«eoae  m  ateep.  eapeetallj  in  tb«  mpper  parts,  that 
•truu,  or  abores  of  sooie  kind,  iniut  be  u«ed  for  prvTeatiug  the  nm- 
sonry  from  sliding  down,  until  Uie  oonipiotion  of  the  aroh  secura  it 
from  doing  so.  Tba  bor  courses  between  tbe  fnoe  m  i,  and  the  line 
o  «,  will  aid  somewhat  in  this  respect. 

This  method  should  be  applied  to  oil  very  larg*  otcJUm  wbo«e 
rise  is  one-third,  or  less,  of  the  spaa.  As  before  remarked,  it 
la  not  actuallj  ueoessarj  in  arobes  not  exoeediDg  about  50  ft  spaa, 
and  not  flatter  than  ^  of  the  span.  Indeed,  if  the  earth  filling  can 
be  deposited  before  the  centers  are  removed,  these  limiu  mav  beeoa- 
•tderablv  extended  without  danger.  Still,  since  a  certain  degree  of 
ladination  is  attended  with  Terj  little  troable  or  expense,  we  would 
recommend  for  even  such  arobes,  a  process  somewhat  like  the  foUew- 
fng :  From  half  the  spau  Uke  the  rise.  Div  the  rem  bj  3.  Make  o  (, 
Fig  5.  equal  to  the  quot.  Draw  t  n,  and  o  fw,  hor.  Div  the  angle 
torn  Into  two  equal  paru,  bj  tbe  line  o  a.  Incline  tbe  masonrj  so 
as  to  be  parallel  to  e  a,  as  far  down  as  (  n.  The  inoUaed  eoarses 
■laj  extend  out  to  the  face  •  t,  er  net,  at  pleaaore. 

KxM.  1.   To  find  tlie  lenirtli  (ab.  Fig  7) 
from  fkee  to  tinee  of  a  culvert.     From 

the  height  h(  of  the  embkt,  tahe  tbe  mbo9e  ground  height  n  m 
of  the  culvert;  the  rem  will  be  the  height  *o  of  the  eaihkt 
above  the  culvert.  Then  the  reqd  length  a  6  is  plainly  eqaal 
to  the  top  width  id  of  the  embkt,  added  to  the  two  dists  ■«. 
e  ft,  which  correspond  to  Its  steepness  of  side-slopes.  Thus,  if 
the  side-slope  is.  as  usual,  1^  to  1,  then  a»  and  c  6  win  each  be 
equal  to  \H  times  o hi  or  tbe  two  together  will  be  S  times  o k. 
Bo  that  if  the  width  <  d  is  14  ft.  and  ik  o  5  ft,  the  length  a  »  wiUbe 
M  +  (5XS)  =  M  +  15  =  t9ft. 

Art.  7.  Tbe  followinir  tables,  S,  4,  and  5,  of  qnantities,  will 
be  found  useful  for  expediting  preliminary  estimates ;  for  vrhich  purpose  chiefly  they 
are  intended ;  lieiice  no  pains  have  been  taken  to  make  them  scmpulously  correct, 
but  rather  a  little  in  excess  of  the  truth.    The  first  column  of  Table  3  contains  the 

total  vert  height  o  c.  Fig  6,  from  the 
crown  o  of  a  semicircular  arch,  to 
the  fonndation  or  base  gm  of  its 
abut.  The  other  columns  give  ap- 
proximately the  number  of  cubyd« 
contained  in  each  running  foot,  or 
foot  in  length  of  the  culrert  or 
bridge,  measured  from  end  to  end 
(face  to  face)  of  the  arch  proper; 
and  including  only  the  arch  and  its 
abuts,  as  shown  in  Fig  1 ;  or  in  the 
,  half  section  opmgy  in  Fig  6:  in- 
cluding footings  to  the  abuts,  bat 
omitting  the  wing-walls  (to  n),  and 
the  spandrel-walls  (s\  Figs  6  and 
i}4'  ^^  t^o  ''oo^  ^f  ^c^h  column  is  the  approximate  content  in  cub  yds  of  the  two 
spandrel* walls  by  themselves;  one  over  each  face  of  the  arch. 

These  spandrel- walls  are  calculated  on  the  supposition  that  their  thickness  athase,  at  th^ir  jnae- 
tlon  with  the  wing-walls,  where  their  height  is  greatest,  is  equal  to  -^  of  their  height  at  thatpeiat: 
except  where  that  proportion  gives  a  less  thickness  at  top  than  iH  ft;  and  that  they  extend  S ft (•  a) 
above  the  top  o  of  the  aroh.  At  the  top  of  the  arch,  they  are  all  supposed  to  be  2^  ft  thick  at  top; 
that  being  sMuraed  to  be  about  the  least  thickness  admissible  in  a  rubble  wall  In  such  a  ponitioB. 
Roth  the  back  and  the  face  are  supposed  to  be  vert.  Tbe  oontents  of  these  spandrel-walls  will  vary 
somewhat,  however,  even  In  the  same  span,  wlih  the  height  of  tbe  abut  and  the  arrangement  of  th« 
wings. ,  They,  however,  constitute  so  small  a  proportion  of  the  entire  oontents  given  in  Table  &,  thsi 
this  consideration  may  he  neglected  in  preliminary  estimates.  They  are  so  firmly  bonded  Into  ths 
masonry  of  tbe  wings  at  their  highest  points,  snd  so  stronfcly  conneoted  hy  mortar  with  the  baekiBg 
•f  the  arob  at  their  bases,  that  they  require  no  greater  thickness  however  high  the  emb  may  hi. 

Tbe  contents  of  tbe  fonr  ivinar-ivalls,  of  which  njw  h.  Fig  Q,  is  one, 
will  be  found  in  a  table  (No.  4)  Immediately  following  that  for  the  body  of  the  cul- 
vert. We  have  also  added  a  fable  (No.  5)  for  complete  semicircular  culverts  of 
rarious  lengths,  including  their  spandrel  and  wing  walla. 
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Rem.  1.  Although  tho  thickness  of  wing-wiUls  increases  in  all  parts  with  their 
height,  they  »iv  uut  mtuie  to  $how  thicker  at  nj  than  at  <t,  Fig  6 ;  but  (as  seen  in  the 
lig>  are  olfsetted  at  their  back  <  n,  a  little  below  their  slanting  upjier  surf  ij,  so  as 
tu  give  a  uniform  width  for  the  steps  or  flagstones,  as  the  case  may  be,  with  which 
they  are  covered.  In  the  fig  the  covering  is  supposed  to  l>e  of  flagstones ;  but  steps 
are  preferable,  being  less  liable  to  derangemcSnt.  To  prevent  the  flagstones  firom 
sliding  down  the  inclined  plane /«',  the  lower  stone i(f  should  be  deep  and  large,  and 
laid  with  a  hor  bed.  The  flags  are  sometimes  cramped  together  with  iron,  and  bolted 
down  to  the  wall.    Steps  require  nothing  of  that  kind,  as  seen  at «,  Fig  11. 

Rem.  2.  The  tobies  show  tlie  inexpedieuey  of  too  mneh  eon- 
(raetinff  the  width  of  water-way,  with  a  view  to  economy,  by  adopting 
a  small  span  of  arch,  when  a  culvert  of  greater  span  can  be  made,  of  t/te  same  total 
height. 

For  the  wingi  most  be  the  nme,  whether  the  span  be  great  or  sma]!,  provided  the  toUl  heifbt  le 
the  same  in  both  oases ;  aud  since  the  wings  constitute  a  large  proportion  of  tbe  entire  quantit?  of 
maaonrr,  in  culverts  of  ordinary  length,  tbe  span  iUelf,  witbin  moderate  limits,  has  oomparatlvelj 
little  eflect  upon  it.  Thus,  the  total  masonry  in  a  semicircular  culvert  of  S  ft  span,  8  ft  toul  height 
and  60  ft  long  between  tbe  faces  of  tbe  arch,  is.  by  Tsble  5, 151^  cub  yds ;  while  that  of  a  6  ft  span, 
of  tbe  same  height  and  length,  is  152.4.  A  semicircular  bridge  of  25  ft  span,  24  (t  total  height,  and 
40  ft  between  the  faces  of  the  arch,  contains  1081  cub  yds ;  while  one  of  il5  ft  spsu,  of  the  same  height 
and  length,  contains  1134  yds;  so  that  in  this  ease  we  may  add  nearly  50  per  cent  to  the  water-way, 
by  increasing  the  masoniy  of  the  bridge  but  -j^th  part. 

Rem.  3.  Partlj  for  the  same  reason,  and  partly  because  the  ealverts  for  a 
double-track  road  are  not  twiee  as  long:  as  those  for  asing^le- 
traek  one,  the  quantity  of  culvert  masonry  for  the  former  will  not  average  more 
than  about  from  ^  to  )^  part  more  than  that  for  the  latter;  so  tliat  it  frequently 
becomes  expedient  to  jinith  the  culverts  at  once  to  the  full  length  required  for  a 
double  track,  although  the  embkts  may  at  first  be  made  wide  enough  for  only  a 
single  one,  with  the  intention  of  increasing  them  at  a  future  time  for  a  double  one. 

Thus,  the  average  site  of  enlvwls  for  a  single  track  may  be  roughly  tskeu  at  <  ft  span.  80  ft  long 
from  face  to  face,  and  10  ft  total  height ;  and  such  a  one  oonUius,  by  Table  6.  140  cub  rds.  For  a 
double  track,  it  would  require  to  be  about  12  feet  longer;  aud  we  see  by  Table  8  that  this  will  add 
2.67  X  12  =  32  cub  yds;  making  a  total  of  172  yds  Instead  of  140;  thus  adding  rather  less  than  ^ 
part.  When  the  culverts  are  under  very  high  embkts,  and  eonsequently  much  longer,  tbe  addition 
for  a  double  track  becomes  comparatively  quite  trifling. 

Table  3,  of  approximate  nnmbers  of  enb  yds  of  masonry 
per  foot  ran,  contained  in  the  arches  and  abutments  only,  as 

shown  in  Fig  1  (omitting  wings,  and  the  spandrel-wtdls  over  the  faces  of  thfe  arelies) 
of  semicircular  culverts  and  bridges,  of  from  2  to  60  ft  span,  and  of  different  totri 
heights.  A/,  Fig  1,  or  o  c.  Fig  6.  It  will  be  seen  that  in  many  cases,  a  bridge  of  larger 
span  contains  less  masonry  than  one  of  smaller  span,  when  their  total  height*  are  tht 
tame.  There  is  a  liberal  allowance  for  footings  or  offsets  at  the  bases  of  the  abuta. 
TABI.R  8.    (Original.) 


Toul 
Height. 

Spaa 
2  ft. 

Span. 
8ft. 

Span 

4  ft. 

Span 

5irr 

Span 

6  ft. 

Span 
8  ft. 

TZ 

Span 
12  ft. 

fsT 

Feet. 

2 

Cub.  y. 
.42 
.00 
.79 
.99 
1.28 
1.82 
2.01 
2.45 
2.94 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

Cab.  y. 

Cub.  y. 

Cub.  y. 

Cub.  y. 

s 

.83 
.83 
1.04 
1.28 
1.59 
1.96 
2.38 
2.85 
3.  .48 
3.98 

.67 
.87 
1.08 
1.28 
1.55 
1.91 
2.31 
2.76 
3.26 
3.82 
4.42 
5.08 

4 

.92 
1.15 
1.87 
1.64 
1.95 
2.29 
2.72 
3.19 
3.72 
4.29 
4.90 
5.57 
680 

.97 
1.21 
1.46 
1.72 
1.99 
2.27 
2.67 
3.12 
3.62 
4.17 
4.77 
5.42 
6.12 
6.«7 
7.09 

w 

5 

g 

1.68 
185 
2.13 
2.42 
2.77 
3.16 
3.57 
4.10 
4.67 
5.30 
5.97 
6.70 
7.48 
8.82 
9.20 

1.60 
1.97 
2.26 
2.56 
2.87 
3  19 
3.52 
4.02 
4.57 
5.17 
5.82 
6  52 
7.27 
8.07 
8.92 
9.82 
10.8 

7 
8 
9 
10 
11 

13 

2.12 
2.88 
2.65 
2.98 
8.28 
8.55 
8.86 
4.41 
5.01 
5.56 
6.26 
7.01 
7.71 
8.56 
9.46 
10.8 
11.8 
12.3 

"3.02" 
8.84 
3.67 
4.01 
4.86 

14 

4.72 

15 

5.09 

16 

5.69 

17 

6.34 

18 

:::::::: ::::::: 

7.04 

19 



7.69 

90 

8.49 

11 

9.34 

22 

10.2 

23 



11-L 

24 





i2.1 

25 
26 

18.2 
14.9 

Contents  of  the  two  spandrel- walls,  over  tbe  two  ends  of  tho  arch.  In  cub  yds. 
I      2.9     I     8.7      I      4.4      i     5.2      |     5.8     |     7.9      |     9.8     |      12.      |    j6^ 
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TABIiE  3.    (Continued.) 


Total 

Sima 

ITS 

Total 

Span 

Total 

Span 

Height. 

20  n. 

Height. 

85  ft. 

Height. 

50  ft. 

Feet. 

^V 

Cub.  J. 

.  Feet/ 

Cub.  y. 

Feet. 

Cub.  J. 

It 

20 

10.5 

27 

18  0 

n 

4.98 

!!!!!*!'.! 

21 

ll.O 

28 

18.7 

14 

5.37 

'*'6.'l6  ' 

22 

11.6 

29 

19.4 

15 

5.77 

6.41 

23 

12.2 

80 

20.1 

16 

6.18 

6.76 

24 

127 

81 

20.9 

17 

6.60 

7.16 

35 

18.3 

82 

21.6 

18 

7.03 

7.61 

26 

13.8 

38 

22.4 

19 

7.47 

8.10 

27 

14.5 

34 

23.1 

SO 

8  12 

8.60 

28 

15.1 

85 

2S.9 

21 

8.82 

».02 

29 

15.7 

36 

24.7 

22 

9.57 

9.72 

30 

16.3 

87 

25.5 

23 

10.4 

10.4 

31 

17.0 

38 

26.3 

24 

US 

?1.2 

32 

181 

•W 

27.1 

25 

12.2 

12.1 

S3 

19.2 

40 

28.0 

26 

13.1 

13.0 

34 

20.4 

41 

28.8 

27 

14.1 

14.0 

35 

21.7 

42 

SO.O 

28 

15.2 

15.0 

36 

23.0 

43 

81.5 

29 

i6.3 

16.1 

37 

24  3 

44 

S3.0 

80 

17.4 

17.2 

38 

25.7 

45 

84.6 

81 

18.6 

18.4 

89 

27.2 

46 

36.S 

82 

19J) 

19.6 

40 

28.7 

47 

38.1 

%l 

212 

».9 

41 

30.2 

48 

89.8 

H 

22.6 

Z2.2 

42 

81.8 

49 

414 

bi 

24.0 

23.6 

43 

33.5 

50 

43.6 

86 

25.4 

25.0 

44 

35.2 

51 

45.5 

37 

26.9 

26.5 

•  45 

S6.9 

52 

47.4 

38 

28  5 

28.0 

46 

38.7 

53 

49.4 

89 

SO.l 

29.5 

47 

40.6 

54 

51.6 

40 

31.7 

31.2 

48 

42.5 

55 

53.7 

41 

32  8 

49 

44.4 

56 

55.9 

42 

34.5 

50 

46.4 

•     67 

58.1 

43 

363 

58 

60.4 

44 

38.1 

69 

62.7 

45 

40.0 

60 

65.1 

Gontenti  of  the  two  apandrel- walla,  oTer  ttaa  two  eada  of  the  arch,  in  cub  yda. 
28.         t    42.         H  I     85.       H  |    195. 


Art.  ^  The  following  table  of  contents  of  wing-walls,  or  wings,  will, 
Uke  the  preceding  one,  be  useful  in  making  preliminary  estimates.  The  wings 
no^no^  shown  in  plan  at  Fig  8,  are  supposed  to  form  an  angle  aoc,  of  120°,  with  the 
face,  or  end  oo  of  the  culvert.  Their  outer  or  Hmall  en'ls  n  n,  are  all  assumed  to  be  of 
the  dimensions  shown  on  a  larger  scale  at  £.  Thickness  at  base  at  every  part  equal 
to  -j^  of  the  height  of  the  wall  at  said  part ;  except  when  that  proportion  becomes 
too  small  to  allow  the  width  or  thickness  at  top  to  be  2.5  ft ;  in  which  case  it  Is  en* 
larged  at  such  parts  sufficiently  for  that  purpose.  See  Remark  2.  This  happens  only 

2.5 


8.125 


Fig.  8 

when  the  height  m  m,  Fig.  E,  of  the  wing,  becomes  less  than  9  ft.  Batter  of  face,  1 J^ 
ins.  to  a  ft. ;  or  1  in  8.  Back  vert. ;  but  offsetted,  if  necessary,  for  a  short  dist.  below 
the  top,  so  as  to  give  a  uniform  ahotnng  top  thickness  of  2j4  ft  The  masonry  is 
supposed  to  be  g<M)d  well-ecabbled  mortar  rubble.  The  height  given  in  the  firat 
column  is  the  greatest  one ;  or  that  at  o  o  (or  wj,  Fig.  6),  where  the  wing  joins  the 
face  of  the  culvert.  In  the  table  no  allowance  is  made  for  footings  (offsets  or  steiw) 
at  the  base  of  the  wings ;  as  these  are  frequently  omitted  in  wings  on  good  founds- 
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tjons.    In  takiDg  out  quantities  fi-om  the  table,  bear  Id  mind  that  the  heigbt  of  the 
wings  is  usually  a  little  greater  than  that  of  the  culvert  itself. 

The  plan  shown  at  C  is  the  common  one,  but  that  at  D  is  greatly  preferable  for 
culverts;  for  the  shoulders  at  o  o  in  Fig.  C,  apart  from  their  greater  liability  to  catch 
branches  of  trees,  etc.,  floating  down  stream,  offer  of  themselves  a  much  greater  re- 
sistance to  the  flow  of  the  water  into  the  culvert  than  do  the  mere  corners  at  o  o, 
Fig.  D. 

TsMe  4,  of  MpproxlniMte  contents,  in  cab  yds,  of  the  foar 
wing-walls  of  a  calvert,  or  brldipe.    (Original.) 

The  heights  are  taken  where  greatest ;  as  at  j  to,  Fig  6 


Height 

L.nj.h 

Cub.  yds. 

Heigbt 

Length 

Cub.  yds 

or 

in 

of 

of 

in 

■wing. 

one  iring. 

4  wings. 

wing. 

one  wing. 

4  wings. 

Feet. 

Feet. 

Feet. 

Feet. 

6 

1.73 

4.04 

30 

43.3 

818 

7 

3.46 

8.86 

32 

46.8 

997 

1 

5.20 

14.6 

34 

60.3 

1192 

6.93 

21.5 

36 

53.7 

1414 

10 

8.66 

30.2 

38 

67.2 

1661 

11 

10.4 

40.9 

40 

607 

1928 

12 

12.1 

53.7 

42 

64.2 

2220 

14 

15.6 

86.2 

44 

67.6 

2652 

le 

19.1 

128 

46 

71.1 

2912 

18 

22.5 

183 

48 

74.6 

3306 

ao 

26.0 

247 

60 

78.0 

3741 

22 

29.5 

329 

66 

86.7 

4942 

24 

32.9 

426 

60 

95.3 

6404 

as 

86.4 

641 

65 

104 

8131 

28 

39.8 

672 

70 

113 

10156 

To  redooe  cub  yds  to  perches  of  25  cab  ft.  mult  by  1.060. 
To  reduce  perches  to  cub  yds,  mult  by  .926,  or  div  by  l.W. 

The  contents  for  heights  intermediate  of  those  in  the  table  may  be  found  approximately  by  simple 
proportion. 

Rem.  1.  It  is  not  recommended  to  actually  prolong  all  wings  until  their  dimen- 
sions become  as  small  as  shown  at  E,  in  Fig  8.  In  large  ones  it  will  generally  be 
more  economical  to  increase  their  end  height  m  m,  a  few  feet.  The  contents,  how- 
ever, may  be  readily  found  by  the  table  in  that  case  also.  Thus  suppose  the  heigbt 
of  the  wings  at  one  end  to  be  30  ft,  and  at  the  other  end  8  ft;  we  have  only  to  sub- 
tract the  tabular  content  for  8  ft  high,  from  that  for  30  ft  high.  Thus,  818  — 14.6  = 
803.4  cub  yds  required  content. 

Rem.  2.  It  might  be  supposed  that  inasmuch  as  the  vdngs  of  arches  often  have  to 
sustain  the  pressure  from  embankments  reaching  far  above  their  tops,  they  should, 
like  ordinary  retaining-walls,  be  made  much  thicker  in  that  case.  But  the  fact  that 
they  derive  great  additional  stability  from  being  united  at  their  high  ends  to  the 
body  of  the  bridge  or  cnlvert,  renders  such  increase  unnecessary  when  proportioned 
l»y  our  rule ;  no  matter  how  far  the  earth  may  extend  above  them ;  as  shown  by 
abundant  experience. 

Relytng  npon  this  aid,  we  may  indeed,  when  the  earth  does  not  extend  above  the  top,  reduce  the 
base  at  o  to  one  third  of  the  ht,  as  nhown  at  o  (;  and  by  dotted  line  t  s.  Exp^ence  shows  that  we 
may  also  do  the  same  even  when  the  earth  reaches  to  a  great  heiglit  above  the  top ;  provided  thai 
the  wings,  instead  of  being  splayed  or  flaredout.  as  at  o  n,  o  a,  merely  form  straight  prolongations 
of  the  abutmenu  of  the  arch,  as  shown  by  the  dotted  lines  at  o  i^  w.  In  this  ease  the  pressure  of  the 
•arlh  against  the  wings  is  less  than  when  thev  are  splayed.  We  have  known  the  thicknesa  at  o 
to  be  reduced  In  sneh  cases  to  less  than  one-third  the  height,  when  the  wings  were  15  ft  high,  and 
the  height  of  the  embankment  above  their  tops  16  frat  in  one  case,  and  36  ft  in  another.  In  snother 
instance,  similar  wings  26^  ft  high,  and  with  29  ft  of  embankment  above  tbeir  top,  had  their  bases 
at  0  rather  less  than  ^  of  the  height.  In  all  these  oa«es,  the  uniform  thickness  at  top  was  2.6  feet ; 
bscks  vertical.  We  mention  them  because  this  particular  subject  does  not  seem  to  be  reducible  to 
any  praetioat  rule.  The  last  wall  appears  to  us  to  be  too  thin ;  especially  if  the  earth  is  not  deposited 
in  layers :  and  after  allowing  the  mortar  foil  time  to  set.  The  labor,  however,  required  in  compact- 
ing the  earth  earefuUy  in  Javers,  may  cost  more  than  is  tberebv  saved  in  the  masonry.  The  young 
practitJoner  must  bear  this  in  mind  when  he  wishes  to  economlEe  masonry  by  such  means ;  and  also 
that  the  thin  wall  may  bulge,  or  fail  ontirely,  if  the  earth  backing  is  deposited  while  the  morUr  is 
ifflparfectly  set. 


y  Google 


706 


8TONE  BRIDGES. 


Table  If.  Approximate  contents  in  enble  yards,  of  eom- 
plete  seinieircalar  en  I  verts  and  bridir<»  oT  from  2  to  SO  feet 
span}  Incladlng  the  :  spandrel  walls;  and  the  4  wings;  all  proportioned  by  the 
forefl^ing  directions;  and  taken  from  the  two  preceding  tables.  The  height  in  the 
second  column,  is  from  the  top  of  the  keygtortf.  to  the  bottom  of  the  foundation.  The 
wings  are  calculated  as  lieing  2  ft  higher  than  this,  including  the  thickness  of  the 
cupiug.  The  wings  are  frequently  carried  only  to  the  height  of  the  top  of  the  arch ; 
thus  saving  a  good  deal  of  masonry.  Table  4,  of  wings  alone,  will  serve  to  make  tbe 
proper  deduction  in  this  case. 

The  several  lengths  are  from  end  to  end,  or  from  face  to  face,  of  the  arch  pmptr. 
The  contents  for  intermediate  lengths  may  be  found  exactly ;  and  those  for  inter- 
mediate heights,  quite  approximately,  by  simple  proportion.  In  this  table,  as  in 
No.  3,  it  will  be  observed  that  wfien  the  heighti  are  t/ie  same  in  bfvth  eases,  a  larger 
span  frequently  contains  less  masonry  than  a  smaller  one.  A  semicircular  culvert 
or  bridge  contains  less  masonry  than  a  flatter  one,  when  the  total  height  is  the  same 
in  both  cases ;  therefore,  the  first  is  the  most  economical  as  regards  cost ;  but  it  does 
not  afford  as  much  area  of  water-way ;  or  width  of  headway. 

(Original.) 


1 

i 

i-i 

K 

4  J 

u 

!- 

¥ 

!^ 

ifi 

u 

a 

J3U 

ifi 

s 

js 

i^ 

^5 

^s 

S8 

3§ 

JS 

J2 

ji 

J- 

Ji 

Tt. 

Ft 

Cub.Y. 

CubT. 

CabY. 

Oub.Y. 

Cub.T. 

C«b.Y. 

CabY. 

CubY. 

0«bY. 

Oab.Y. 

CubY. 

Cah.Y. 

5 

27 

32 

42 

52 

72 

92 

112 

132 

152 

172 

192 

212 

2 

6 

37 

43 

56 

69 

94 

120 

146 

m 

197 

222 

248 

274 

7 

49 

57 

73 

89 

122 

154 

187 

219 

251 

284 

316 

349 

8 

63 

73 

93 

113 

153 

193 

233 

273 

813 

353 

393 

433 

10 
5 

101 

116 

145 

175 

234 

291 

351 

410 

469 

527 

686 

645 

28 

34 

44 

54 

75 

96 

117 

138 

168 

179 

200 

321 

« 

38 

44 

67 

70 

95 

121 

146 

172 

198 

223 

149 

275 

3 

I 

49 

57 

73 

88 

121 

163 

184 

216 

147 

280 

312 

S43 

93 

112 

152 

191 

230 

268 

308 

348 

887 

426 

10 

101 

115 

143 

172 

229 

286 

343 

400 

457 

514 

571 

628 



T 

149 

169 

208 

218 

328 

407 

487 

567 

646 

726 

806 

885 

SO 

35 

46 

57 

78 

100 

122 

143 

165 

186 

308 

229 

6 

38 

45 

68 

70 

06 

132 

147 

173 

198 

224 

150 

275 

4 

7 

49 

57 

73 

88 

119 

150 

181 

212 

243 

274 

805 

836 

8 

63 

73 

92 

111 

149 

188 

326 

264 

802 

S40 

379 

417 

100 

114 

141 

169 

221 

279 

835 

390 

445 

500 

555 

611 

i'i 

147 

166 

201 

243 

319 

395 

472 

548 

625 

701 

777 

854 

14 

200 

234 

285 

336 

437 

619 

641 

742 

844 

946 

1047 

1149 

6 

41 

4T 

61 

75 

102 

130 

157 

184 

•  212 

239 

267 

294 

76 

93 

125 

158 

191 

224 

257 

289 

322 

355 

b 

94 

114 

153 

192 

231 

270 

809 

348 

.187 

426 

141 

168 

223 

277 

331 

386 

440 

495 

549 

60S 

202 

239 

814 

888 

463 

537 

611 

686 

760 

835 

7 
8 

280 

329 

427 

525 

623 

721 
234 

819 

917 
303 

1015 
337 

1113 

53 
66 

62 
76 

79 

96 

Wl 

165 

900 

268 

872 

116 

156 

196 

236 

276 

316 

856 

396 

436 

6 

113 

140 

167 

220 

274 

327 

880 

434 

487 

641 

694 

12 

146 

161 

200 

236 

308 

881 

m 

526 

598 

670 

743 

816 

14 

206 

219 

277 

325 

420 

616 

611 

706 

802 

897 

993 

1088 

J 

16 

8 

281 

311 

373 

434 

556 

679 

801 

923 

1046 

1168 

1291 

1413 

57 

67 

85 

104 

141 

178 

.  215 

252 

288 

326 

363 

400 

102 

124 

166 

.  209 

251 

294 

337 

379 

422 

464 

8 

10 

164 

118 

145 

173 

228 

284 

339 

395 

450 

505 

661 

616 

IS 

147 

165 

200 

236 

808 

379 

450 

522 

593 

664 

736 

807 

14 

206 

230 

276 

323 

416 

510 

603 

696 

790 

883 

•77 

1076 

16 

281 

310 

370 

430 

549 

669 

788 

906 

1027 

1146 

1266 

1386 

■ 

18 
8 

867 

405 

85 

480 

554 

704 

854 

1003 

1153 

1302 

1452 

1602 

1751 

74 

108 

181 

176 

221 

266 

811 

357 

402 

447 

492 

lit 

150 

179 

236 

294 

351 

408 

466 

623 

681 

638 

10 

I'i 
14 
16 

18 

IT 
12 
14 
16 

18 
30 

148 

166 

901 

236 

306 

377 

447 

518 

6m 

658 

729 

719 

229 

275 

321 

412 

504 

695 

686 

T78. 

819 

961 

1052 

368 

426 

642 

659 

776 

'  891 

1006 

1194 

1241 

l»7 



866 

~iio" 

402 

476 

648 

603 

889 

•84 

1129 

ia» 

476 

1410 

1566 

1711 

125 

154 

183 

242 

801 

359 

418 

535 

594 

653 

1^ 

151 

168 

20t 

239 

310 

881 

452 

523 

594 

665 

736 

897 

206 

228 

272 

817 

405 

493 

581 

669 

758 

8«« 

934 

loss 

364 
470 

306 

362 

418 

529 

640 

751 

862 

974 

1065  ;  1196 

1301 

399 
M2 

46» 

540 

680 

820 

960 

IIOO 

1241 

1381   1521 

IMl 

— 

855 

1026 

1197 

1368 

1640 

1711   1882 

2063 
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Table  5- 

-  (Continued.)  (Original .) 

s 

«; 

Ss 

U 

U 

is 

U 

i^ 

te 

ia 

u 

5^ 

|i 

ie 

^ 

5^ 

S^ 

|S 

J^ 

S8 

^8 

J§ 

J§ 

p 

J§ 

|i 

Ft 

Ft. 

Cub.T. 

Cub.T. 

ettb.r. 

Cub.Y. 

Cttb.T. 

Cab.T. 

Cob.T. 

Cnb.T. 

Cttb.T. 

Cub.Y. 

Cub.T. 

Cub.Y. 

12 

162 

182 

222 

262 

342 

422 

502 

583 

663 

743 

823 

903 

14 

215 

239 

286 

333 

427 

603 

616 

m. 

805i 

ran 

994 

1088 

15 

16 

285 

ais 

370 

427 

641 

654 

768 

882 

996 

1110 

1223 

1387  ,, 

18 

369 

404 

474 

645 

686 

826 

967 

1108 

1249 

1390 

1530 

1671 

20 

473 

515 

600 

685 

855 

1024 

1104 

1364 

1534 

1704 

1873 

2043 

22 
U 

595 

646 
264 

748 

850 

1054 

1258 

1462 

1666 

1870 

2074 

2278 

2482 

237 

317 

371 

478 

686 

693 

801 

908 

1016 

1123 

1230 

1« 

304 

835 

397 

458 

582 

706 

829 

953 

1076 

1200 

1324 

1447 

20 

18 

881 

416 

486 

666 

697 

838 

978 

1119 

1259 

1400 

1541 

1681 

20 

479 

520 

601 

682 

844 

1007 

1169 

1832 

1494 

1656 

1819 

1981 

22 

598 

646 

741 

837 

1028 

1220 

1411 

1603 

1794 

1986 

2177 

2368 

24 

T89 

795 

908 

102L' 

IttT 

14TO 

16l» 

1925 

2151 

i87T 

2608 

2829 

16 

327 

360 

428 

496 

631 

7W 

901 

1036 

1172 

1307 

1442 

1577 

18 

403 

441 

617 

694 

746 

898 

1060 

1202 

1355 

1507 

1659 

1811 

25 

20 

600 

543 

629 

716 

887 

1059 

1231 

1408 

1676 

1747 

1919 

2091 

22 

614 

663 

760 

857 

1061 

1246 

1440 

1635 

1829 

2023 

2218 

2412 

24 

761 

807 

919 

1081 

1255 

1479 

1708 

1927 

2151 

2375 

2599 

2823 

26 

909 

974 

1104 

1234 

1494 

1754 

2014 

2274 

2684 

2794 

3054 

8314 

28 
22 

1065 

1160 

1310 

1460 

1760 

2060 

2360 

2660 

2960 

8260 

3560 

8860 

686 

748 

859 

975 

1207 

1439 

1671 

1908- 

2135 

2367 

2699 

2881 

24 

817 

880 

1007 

1134 

1388 

1642 

1896 

2150{ 

2404 

2658 

2912 

3166 

85 

26 

969 

1033 

1181 

1309 

MM 

1861 

2137 

3413 

2689 

2965 

3241 

8517 

28 

1130 

1205 

1856 

150t 

1809 

2111 

2413 

2715 

8017 

3319 

3621 

8928 

30 

1327 

1408 

hWl 

1734 

2060 

2886 

2712 

S038 

8864 

3690 

4016 

4342 

82 

1549 

1639 

1820 

2001 

2363 

2726 

3087 

8449 

8811 

4173 

4635 

4897 

35 

1946 

2054 

2271 

2488 

■2922 

8356 

3790 

4224 

4658 

5092 

6526 

5960 

80 

1494 

1594 

1795 

1996 

2398 

2800 

8202 

3604 

4006 

44«8 

4810 

5212 

32 

1711 

1819 

2085 

2261 

2683 

3116 

8547 

8979 

4411 

4848 

5276 

6707 

34 

1%6 

2071 

•2302 

2533 

2995 

3467 

8919 

4381, 

4843 

5305. 

5767 

6229 

50 

36 

2228 

2350 

2597 

2844 

3388 

8832 

43-;!« 

4820 

fkm 

6808 

6302 

6796 

88 

2519 

2650 

2913 

3i76 

3702 

4228 

4754 

'  6280' 

5806 

tm 

6858 

7384 

40 

2835 

2975 

3265 

3585 

4095 

4656 

6215 

6775 

6315 

6885 

7455 

8016 

42 

3197 

3347 

3647 

3947 

4647 

6147 

6747 

6347 

6947 

7547 

8147 

8747 

45 

3818 

3991 

4387 

4683 

5375 

6067 

6759 

7451 

10518 

8885 

9527 

10219 

50 

5063 

5281 

5n7 

6158 

7025 

7897 

8769 

9641 

11385 

12257 

13129 

Art.  9.  Especial  pains  shonM  be  taken  to  secure  an  imyfeldliifp  fonti* 
datlon  rorealvertfi  and  drains  ander  hlfpli  embktsf  otherwise 
.  the  superincumbent  weight,  especially  under  the  middle  of  the  embkt,  may  squeeze 
them  into  the  soil  below,  if  soft  or  marshy ;  and  thus  diminish  the  area  of  water- 
way, or  at  least  cause  an  ugly  settlement  at  the  midlen^h  of  the  culvert.  Also,  in 
soft  ground,  the  embkt  may  press  the  side  walls  closer  together,  narrowing  the 
channel.  This  may  be  prevented  by  an  inverted  arch,  or  a  bed  of  masonry,  between 
the  walls.  A  stratnm  from  3  to  6  ft  thick,  of  gravel,  sand,  or  stone  broken  to  turn- 
pike size,  will  generally  give  a  sufficient  foundation  for  culverts  in  treacherous 
marshy  ground ;  or  quicksand,  with  but  a  moderate  hei|;ht  of  embkt.  It  should  ex- 
tend a  few  feet  beyond  the  masonry  in  every  direction,  and  should  be  rammed ;  the 
sand  or  gravel  being  thoroughly  wet,  if  possible,  to  assist  the  consolidation.  Piling 
will  sometimes  be  necessary.  If  the  masonry  is  built  upon  timber  platforms,  or  a 
smrtoth  surface  of  rock,  care  must  be  taken  to  prevent  it  from  sliding,  from  the  pres 
of  the  earth  behind  it.  This  same  pres  may  even  overthrow  the  piles,  if  they  are 
not  properly  secured  against  it. 

Art  10.  Drains.  ^^  

I>rains  of  the  dimen-  r- -^ 1  |  l    '/ 

sions  in  Fig  11,  con-  Id  1  c  r — ^ t r-* — r— 

taiu   1  perch,  of  26  la    1..  J   «  I      h— J 

cub  ft;  or  .926  of  a  .     **  Y^tA   ^  f        ^1  r     ^- 

cub  yd,  per  ft  run. 

They  are  frequently 
bnilt  of  dry  icabbled 
mbhie.  ao«1  paved  with 
spawls.  WheD  tkere  ie 
mooit  wash  through 
them,  with  a  consider- 
able  slope.  It  is  better  to 
eootinue  the  fonndation 
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•olid  rtesr  aeroM.  Tbia  te  oAm  doo*  vidMoi  Umw  Mmes.  iaasaMk  as  tbe  addHioaal  mmmmrj  Is  a 
nere  trifle:  aad  tbe  «zeavatioa  of  a  liagte  broad  foandadoo-pit  U  \eta  trouUe^ioaM  tban  Uolx  or  two 
aarrov  oo<^«.  A  deep  Oac-stoae/at  (be  eotraaoe,  aod  otben  at  sbart  disi«  af  tbe  leugtb,  maj  be  io- 
tfodueed  ia  botb  draiaa  and  eulverta.  la  protect  from  aodermiaiag. 

These  draiaa  ezteod  noder  tbe  entire  width  of  tbe  eabkt,  froa  toe  to  toe;  and  m*j  terminate  io 
•teps,  a*  ia  tbe  lide  vieir  at  S.  Tbej  are  91  eooroe  better  wbea  boUt  vitb  nttftar,  witb  aa  adinixture 
•f  eeaent  to  prrrent  tl>e  water  wbcn  foil  from  leaking  lata  aad  uTteBing  tbe  eabankneBt. 

SoBMtiBCs  twa  or  three  oaeb  drains  may  l»e  piaeed  parallel  to  each  otber.  instead  of  a  eolTeri. 
When  two  are  so  piaeed,  tbej  eantain  only  1^  timaa  tbe  maaoary  of  one ;  still  tbeir  aae  will  geaarallj 
involve  no  saving  of  maaonrj  over  a  calvert.    ▲  man  can  erawl  through  Pig  II  to  elean  it. 

Art.  11.  Tk#  dnbiaibir«  •'  *^«  roiidways  of  stone  bridges  of  sereral 
arches,  is  generally  effected  by  means  of  open  gntters,  which  descend  slightly  trow 
tbe  crowns  of  the  arches,  each  way,  nntU  they  reach  to  near  the  ends  of  the  re- 
spective  spaas. 

Tbera  tbe^  disekarge  Into  Tertleal  fatm  pipes  bsilt  into  tiie  maaeary.  Tbe  apper  ends  of  tlie 
pipes  stMold  be  eovered  by  gratings.     Wben  ineonTenience  wosid  resalt  from  tbe  water  telliag  apoa 

Crsoos  passing  aoder  tbe  arolies.  tbase  pipes  may  be  carried  down  tbe  entire  belgfat  of  tbe  piers ; 
t  wben  such  Is  not  tbe  ease,  tbey  may  extend  only  to  tlie  softt,  er  nnder  face  of  tlie  areh ;  allowing 
tbe  water  to  fall  freely  tbroogh  tiie  air  fhmi  tbat  height. 

Table  6,  of  ib|^r»xlniibte   «*Mteaiii«  In  e«b  jrdii,  of  »  aolM 

Cler  of  miuwarjr,  6  ft  by  22  ft  on  t<^;  and  battering  1  inch  to  a  ft  on  each  of 
\  4  faoea.  Tbe  eontento of  masonry  of  sneb  forms  mast  be  ealcnlated  by  tbe  prlsmoidal  formula; 
aod  not  by  taking  tbe  leogtb  aad  breadth  of  the  pier  at  half  lu  height  as  an  average  length  aad 
breadth,  as  is  sometimes  done.  This  iaoorreot  method  would  giro  only  MM  enb  yds  aa  the  aoateat 
of  tbe  pier  100  ft  high ;  inatead  71T8  yda.  iu  true  content.  High  piera  may  for  economy  be  baiU  hol- 
low, with  or  without  interior  eroaa-walla  for  atrengtbening  them,  aa  the  caae  may  require ;  and  the 
batter  la  generally  redaoed  ta  %  ineh  or  leea  to  a  foot.  H<dlew  piera  require  good  wcll-bcdded  aw- 
""'y-  (Original.) 


Ht. 

Lgth 

at 
base. 

Bdth 

at 
base. 

Cubic 
yardi 

Ht. 
Ft. 

Lgth 

at 
base. 

Bdth 

Ht 

base. 

Cubic 
yards 

Ht. 
Ft. 

Lgth 

at 
base. 

Bdth 

at 
base. 

Cnbic 
yards. 

6 

23. 

7. 

32.5 

52 

30.67 

14.67 

537 

128 

43.33 

27.33 

2759 

7 

.17 

.17 

38.6 

64 

31. 

16. 

670 

130 

.67 

.67 

2848 

8 

33 

.33 

44.9 

56 

.33 

.33 

605 

132 

44. 

28. 

2910 

9 

23.6 

7.6 

61.3 

58 

.67 

.67 

641 

^134 

.33 

.33 

3032 

10 

.67 

.67 

58. 

60 

82. 

1& 

679 

136 

.67 

.«7 

8126 

11 

.83 

.83 

648 

62 

JS3 

.33 

717 

138 

45. 

29. 

3222 

li 

24. 

& 

71.7 

64 

m 

.67 

757 

140 

.83 

.83 

3320 
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.17 

.17 

79. 

66 

33. 

17. 

798 

142 

.67 

.67 

34C0 

14 

.3:3 

33 

86.4 

68 

.33 

.33 

840 

144 

46. 

30. 

3521 

15 

24.6 

8.5 

94. 

70 

.67 

.67 

884 
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.33 

362:1 

1» 

JSl 

MJ 

192 

72 

34. 

18. 

928 

148 

.67 

.67 

S728 

n 

Si 

.83 

110 

74 

4J3 

.38 

973 

150 

47. 

ai. 

3834 

18 

25. 

9. 

118 

76 

.67 

.67 

1021 

152 

.38 

.33 

3944 

19 

.17 

.17 

127 

78 

86. 

19. 

1070 

154 

.67 

.67 

4056 

s» 

.33 

^ 

136 

80 

.88 

.33 

1120 

156 

48. 

32. 

4168 

21 

26.6 

9.6 

144 

82 

.67 

.67 

1171 

158 

.33 

.33 

4284 

22 

.67 

.67 

183 

84 

86. 

20. 

1224 

160 

.67 

.67 

4402 

23 

.83 

.83 

163 

86 

.33 

.33 

1278 

162 

49. 

33. 

4620 

21 

2& 

la 

172 

88 

.67 

.67 

1334 

lrt4 

.33 

.33 

4640 

2S 

.17 

.17 

182 

90 

37. 

21. 

1392 

166 

.67 

.67 

4763 

25 

.33 

.83 

192 

9i 

.33 

.33 

1451 

168 

50. 

34. 

4887 

27 

2&A 

10.6 

202 

94 

.67 

.67 

1510 

170 

.33 

.33 

6014 

28 

.67 

.67 

212 

96 

88. 

22. 

1569 

172 

.67 

.67 

6143 

29 

.83 

.83 

223 

98 

-38 

.33 

1631 

174 

51. 

36. 

6276 

90 

27. 

11. 

234 

100 

.67 

.61 

1605 

176 

.33 

.33 

6409 

31 

.17 

.17 

24.5 

102 

39. 

23. 

1761 

178 

.67 

.67 

6646 

32 

.83 

.33 

256 

104 

.33 

.33 

1829 

180 

62. 

36. 

5680 

33 

27.6 

11.6 

268 

106 

.67 

.67 

1899 

182 

.33 

.33 

5829 

3i 

.67 

.67 

280 

108 

40. 

24. 

1968 

184 

.67 

.67 

&962 

36 

.83 

.83 

292 

no 

.33 

.33 

2041 

186 

63. 

37. 

6106 

36 

28. 

12. 

304 

112 

.67 

.67 

2115 

188 

.P3 

.33 

6262 

38 

.33 

.33 

32^ 

114 

41. 

26. 

2191 

190 

.67 

.67 

6I0C 

40 

.67 

67 

356 

116 

.33 

.38 

2289 

192 

54. 

38. 

6562 

42 

29. 

13. 

383 

118 

.67 

.67 

2346 

194 

.33 

.83 

6704 

44 

.88 

.83 

411 

120 

42. 

26. 

2424 

196 

.67 

.67 

6869 

46 

.67 

.07 

441 

122 

.33 

.33 

2504 

198 

65. 

89. 

7016 

48 

30. 

14. 

472 

124 

.67 

.67 

«6«7 

200 

.83 

.83 

7178 

50 

.33 

.33 

504 

1-26 

43. 

27. 

2672 

202 

.67 

.67 

7339 

Digitized  by  VjVJ^S 


BRtCK  ARCHES.  709 

Art.  12.  Brlek  Arelies.  Since  even  good  htitk  flf  fbi*  targe  urtltHM  ^nt 
tsLT  ten  crutbing  strength  than  good  granite  or  limestone,  luid  is  inferior  even  to 
good  sandstone,  while  its  weight  does  not  diflfer  rery  materianf  flrom  stone,  it  fi 
plain  that  it  cannot  be  used  in  arches  of  as  great  span  as  stone  can.  Some  of 
those  already  built,  and  which  have  stood  for  many  years,  have  a  theoretical  co- 
efficient of  safety  of  but  about  3 ;  whereas  the  authorities  direct  ns  not  to  trust  eten 
stone  with  more  than  one-twentieth  of  its  crushing  load.  This  last,  however,  ao- 
pears  to  the  writer  to  be  one  of  those  hasty  assumptions  which,  when  once  aa- 
mitted  into  professional  books,  are  di£Eicult  to  be  got  rid  of.  It  is  his  opinion  that 
with  good  cement,  and  proper  care  in  striking  the  centers,  one-tenth  of  the  ulti- 
mate strength  is  sufficiently  secure  against  even  the  abnormal  strains  caused  by 
the  settling  at  crown,  and  rising  at  the  haunches  when  the  centers  are  struck.  It 
la  useless  to  attempt  to  fix  limits  of  safety  for  bad  materials  poorly  put  together. 
Bern.  1«  The  common  practice  of  buildlug  brick  arches  in  a  scries  of  «on* 
eentrie  rlni^  as  at  a  c  e  e,  Fig  12,  with  no  other  bond  between  them  than 

that  afforded  by  the  mortar,  is  censured  by 
authorities,  on  the  ground  that  the  line  of 
pressure  la  passing  from  the  extrados  to 
the  intrados  tends  to  separate  the  rings, 
and  thus  weaken  the  arch  by,  as  it  were, 
splitting  it  longitudinally.  The  reason 
for  oiing  these  tings,  instfad  of  making 
the  radial  Joints  continuous  throughout 
the  depth  «i  n  of  the  arch,  as  at  h,  is  to 
avoid  tnc  thick  mortar-joints  at  the  back  of 
the  arch,  and  shown  in  the  Fig.  If  the 
center  of  an  arch  built  as  at  6  be  struck 
too  soon,  the  soft  mortar  in  these  thick 
joints  will  be  so  mnch  compressed  as  to  cause  great  settlement  at  the  crown, 
throwing  the  arch  out  of  snape,  and  creating  such  inequality  of  pressure  as 
misht  even  lead  to  its  fall,  especially  if  flat.  As  a  compromise  between  rings 
and  eontinnous  joiatA,  they  are  sometlmeB  •nplMyed'toMUMr,  so  as  to-get  rid  of 
•ome  of  the  long  radial  Joints ;  and  at  the  same  time  to  break  at  interwals 
the  continuity  of  the  rings.  Thus  in  Fig  12,  which  is  supposed  to  be  brick-and* 
a-half  deep,  beginning  at  the  abutment  a,  we  may  lay  half-briek  rings  as  far  as 
say  toeoe;  then  entttufl^  away  the  brick  o  to  the  line  s  s,  we  may  lay  firom 
ee  torn ntk block  of  bricks  with  eontinnous  radial  Joints,  the  same  as  at b;  and 
then  start  again  with  three  rings;  and  so  on  ahemately.  A  still  better,  but 
more  expensive,  mode  would  be  to  fill  e  e,  m  n  with  a  regular  cut-stone  voussoir. 
The  proper  intervals  for  changing  f^om  riugs  to  Uoeks  will  depend  upon  the 
number  of  the  rings  and  the  depth  c  a  of  the  arch ;  reference  being  also  had  to 
reducing  the  amount  of  brick  fitting  as  much  as  poesiUle. 

These  points  can  be  best  decided  on  from  a  drawing  of  a  portion  of  the  arch 
on  a  scale  of  3  or  4  ins  to  a  foot  Generally  the  rings  are  made  only  half-brick,  or 
about  4  to  4.5  ins  thick,  as  at  a  o  ;  and  in  Brunei's  Maidenhead  viaduct  of  two  ellip- 
tic brick  arches  of  128  ft  span,  and  24.25  ft  rise ;  the  boldest  brick  arches  yet  at- 
tempted ;  but  which  have  been  estimated  to  have  a  co-efficient  of  safety  of  but 
three  against  crushing  at  the  crown. 

So  many  others  of  from  70  to  100  ft  span  have  been  successfully  built  entirely  in 
rings  of  either  half  or  whole  brick  thick,  as  to  iustify  us  in  attaching  but  little  weight 
to  the  above  theoretical  otijection,  provided  first  class  cement  be  used,  and  time 
allowed  It  to  become  nearly  or  quite  as  |iard  as  the  bricks  themselTes,  before 
striking  the  centers.  Under  such  circumstances  we  should  not  object  to  a  series 
of  rines  even  1.5  bricks  thick,  laid  alternately  header  and  stretcher,  as  at  b. 

If  tne  bricks  were  woaasoir-staaped,  that  is,  a  little  thicker  at  one 
end  than  the  other,  then  rings  a  whole-brick  thick  could  be  used  without  any  in« 
crease  in  thickness  of  mortar-joint  at  the  back  of  each  ring.  Still  with  more 
than  one  ring,  the  radial  joints  would  not  be  continuous,  as  at  b,  but  broken  as  at 
ac.  Such  bxicks  however  would  be  more  expensive  to  make ;  and  moreover,  in 
order  fully  to  answer  the  intended  purpose,  they  would  have  to  be  made  of  many 
patterns,  so  as  to  conform  to  the  many  radii  used  in  arches;  and  even  to  the 
radii  of  the  different  rings,  when  the  depth  of  the  arch  required  several  of  them, 
gee  foo^note,  p  071. 
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Rem.  2.  Wet  (he  brtcl|»  before  laying.    8ee  Jast  paragrA^  of  p  670. 

Rem.  8*  Whon  the  euds  or  faces  of  a  brick  arch  are  to  be  flnisbed  with  cut* 
•tone  VOllMM»irs.  these  had  better  sot  lie  inserted  nntil  some  time  after  the 
completion  of  the  brickwork,  the  hardening  of  the  mortar,  and  a  partial  easing 
of  the  centers;  lest  they  be  cracked  or  spawled  by  the  unequal  settlements  of  them- 
•elTes  and  the  bricks. 


Brick  arehes*  firom  their  great  number  of  joints  are  apt  to  settle 

much  more  than  cut  stone  out's  when  the  centers  are  removed,  and  thereby  to 
derange  the  shaf>e  of  the  arch,  and  at  times,  without  due  care,  even  to  endanger 
its  safety,  especially  if  it  be  large  and  flat.  When  the  span  exceeds  about  HO  to  35 
ft,  and  particularly  if  flat,  use  onlv  brick  of  superior  quality  in  good  cement 
mortar.  With  eveh  best  materials  and  work  we  advise  the  young  engineer  not 
to  attempt  brick  arches  for  railroad  bridges  of  greater  spans  than  about  the  fol- 
lowing. Ck>nsiderably  larger  ones  than  some  of  them,  have  been  built,  and  have 
stood ;  but  their  coeft  of  safety  are  not  in  all  cases  satlsfhctory.  In  fhSi  table  the 
rise  is  in  parts  of  the  span. 


"X 

.4 
M 

100 
97 
03 

R. 

82 
75 

R. 
^5 

S.  1 

68' 
60 
65  1 

s. 

45 
40 

.  R. 
.134 

S. 

35 
30 

Ob  the  Filbert  Street  Extension  of  the  Pennn  R  R,  In  Piiiln, 

«r«  f0«r  hrkk.  arches  of  66  ft  1  inch  span,  and  with  the  veiy  low  rise  of  7  ft.  They 
are  2  ft  6  ins  thick,  except  on  their  showing  iaces,  where  they  are  bnt  2  ft.  The 
Joints  are  in  common  mortar,  and  about  %  inch  thick.  These  four  arches,  about 
060  yards  apart,  with  a  large  namber  of  others  of  26  ft^span,  form  a  viaduct.  The 
piers  between  the  short  spans  are  4  ft  3  ins  thick.  Those  at  the  ends  of  the  60-ft 
spans,  18  ft  6  ins.  The  springing  lines  of  all  the  arches  are  about  6  to  8  ft  above  the 
grooad.  One  of  the  60*ft  arches  settled  8  ins  upon  prematurely  striking  the 
centers;  bnt  no  further  settlement  has  been  observed,  although  the  viaduct  has, 
since  built  (1880)  had  a  very  heavy  freight  and  passenger  traffic,  at  from  10  to  26 
miles  per  hour.    Roadbed,  about  100  ft  wide,  giving  room  for  9  or  10  tracks. 
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Art.  1*  A  eenter  Is  a  temporary  wooden  stractare  (built  lying  flat,  on  n  fall 
sisce  drawing,  on  a  fixed  platform,  nnder  cover  or  not)  for  supporting  an  arch 
while  it }»  being  built.  It  consists  of  a  number  of  trusses  or  Amnes,/,/,  Fie.  1. 
placed  from  1  to  «  ft  apart  fh>m  cen  to  cen,  and  covered  with  a  flooring  [,  i,  of 
rough  boards  or  planls,  usually  laid  close,  and  called  the  Blieetlnflr  or  lay- 
irinv,  immediately  upon  which  the  archstones  are  laid.  In  Fig  9,  the  lag- 
gingls  not  laid  close.  There  is  no  great  economy  in  placing  the  frames  very 
far  apart,  on  account  of  the  greater  required  amount  of  lagging,  the  thickness 
of  which  increases  rapidly.  For  the  thickness  of  lagging  see  Rem  9,  p  719.  The 
fhimes  are  of  many  designs.  Thus  Figs  7  and  9,  pp  661,  556,  are  ctfteu  used  for 
Small  spans  (say  15  to  2o  ft),  their  upper  timbers  supporting  throughout  their 
length  plttuks  on  edge,  with  their  upper  edges  trimmed  to  conform  to  the  cur^e 
of  the  arch.  Fig  14,  p  6TO,  tov- 
ered  in  the  same  way,  is  some- 
times used  for  still  longer  spans, 
my  25  to  40  feet ;  also  Fig  28,  p 
5»4;  Fig  31,  p  595;  and  Fig  35,  p 
698,  fat  still  tonger  ones. 

The  centers  rest  by  the  ends  of 
their  chords,  c,  upon  wooden 
striklnir  wedfro  ^i  ^  1* 
supported  by  standaros  com- 
posed of  posts  p^  whose  tops  are 
eonnected  by  esp-pleees  o; 
and  whose  feet  rest  on  stringp- 
^1*8  s;  the  whole  being  braced 
diagonally  as  shown. 

If  the  ground  is  very  firm,  and 
the  arch  light,  the  standards  may 
rest  on  it,  with  the  Interposition 
of  a^lnstiuff^bloeks,  n,  be- 
low the. stringer,  to  accommodate 

irregularities  of  the  surface  of  the  gfouod,  as  it)  the  Fig.  These  blocks  should 
be  somewhat  double-wedge-shaped,  so  that  br  dHving  them  the  atandard  may 
be  raised  at  any  point  in  case  it  should  settle  a  little  into  the  ground.  But  for 
heavy  arches  the  standards  must  rest  on  a  much  firmer  foundation,  such  as  short 
blocks  of  brickwork  sunk  a  few  feet  into  the  gBOUod,  or  some  other  device 
adapted  to  the  <»se.  Frequently  projecting  ofEtots  or  footings,  or  at  times  re- 
cesses, are  provided  in  the  masonry  of  the  Abutments  and  piers  fcNr  this  express 
purpose ;  and  with  a  view  to  this  it  is  irell  to  design  the  center  at  the  same  time 
as  tne  arch.  Knowing  the  wt  of  the  arch  the 
TOTOper  dimensions  of  the  posts  may  readily  be 
found  by  table  p  459,  etc.  Up  to  spans  of  50  or  60 
It  a  single  row  of  poets  (one  unoer  each  end  of 
each  firame)  will  suffice ;  but  for  much  larger  ones 
two  or  three  rows,  2  or  piore  fiBet  apart  may  be- 
come expedient,  as  in  the  lower  Fig  2. 

The  ■trikJngr  or  lowering- wedfT^a 

t»efore  alluded  to  are  for  striking  or  Towering  the 
csnter  after  the  completion  of  the  arch.  They 
consist  of  pairs  of  wedge-sliaped  blocks,  w  to,  at  A, 
Figs  2,  of  hard  wood,  from  1  to  2  ft  Iouk,  about  half 
as  wide,  and  a  quarter  or  more  as  thic^,  (sufficient 
to  lower-  the  ceuter  from  say  2  to  6  or  more  inches, 
according  to  span  and  other  circumstances,)  rest- 
ing on  the  cap  o,  of  the  standard,  while  the  chord 
c  of  the  frame  rests  on  them.  When  the  end  of  a 
frame  is  supported  by  two  or  more  posts  p,  as  at  B, 
Fig  2,  instead  of  upon  one,  t)ie  striking-wedges  are 
sometimes  made  as  there  shown ;  and  where  B  v 
is  one  long  wedge  at  right  angles  to  the  abutment, 
and  acting  as  four  wedges  which  may  all  be  low- 
ered together  by  blows  against  the  end  B.  '  r^  i. 
Up  to  spans  of  60  or  80  ft,  all  the  frames  may  rest  on  but  twb  w^dg^  like  B 
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Mch  wo  long  M  to  ntkok  trmmmytewmHw  •<»«>«  IW  eotiro  arch.    Then  all  fhe 
frames  can  be  lowered  at  one  opeimtioa,  mm  HeMadbtd  near  end  ef  Art  9. 

If  we  had  to  consider  only  the  friction  of  dry  wood  against  dry  wood,  the  teper 
if  these  wedges  might  be  as  steep  as  1  vert  to  3  hor,  without  any  danger  of  their 
sliding  upon  each  other  of  their  own  accord ;  and  they  would  then  re<Mii«»  very 
moderate  blows  to  start  them,  or  even  to  entirely  se{)arHte  them,  when  tJie  center 
had  finally  to  be  lowered.  Bnt  it  is  of  the  utmost  importance,  especiidly  in  Iai^pb 
arches,  that  the  centers  shofild  be  lowered  verjr  «loirly,  otherwise 
the  momentum  acquired  by  so  heavy  a  body  as  the  arch  in  duscendiug  suddenly 
oven  but  2  or  3  ins,  might  possibly  affect  its  shape,  or  even  its  safety. 

Therefore  th«  wedges  should  not  have  a  taper  steeper  than  ahout  1  in  6  or  8  fo*- 
arches  of  less  Uian  about  50  ft  span ;  or  than  1  in  8  or  10  for  larger  spans.  Vertical 
lines  at  equal  dists  apart  should  be  drawn  on  the  long  sides  of  tVe  wedges  as  a 
guide  fbr  lowering  them  all  to  the  same  extent  at  a  time ;  and  this  should  not  ex- 
ceed in  all  about  naif  an  inch  a  day  in  intervals  of  about  an  eighth  of  an  inch,  for 
50  ft  spans ;  or  about  .1  to  .25  of  an  inch  per  day  in  all,  for  spans  over  100  ft. 
Slowness  is  especially  to  he  recommended  in  brick  arches,  not  only  because 
their  greater  number  of  joints  exposes  them  to  greater  derangement  of  shape, 
but  because  even  good  brick  has  much  less  than  Uie  average  crushing  strength 
of  good  granite,  limestone,  or  sandstone,  and  therefore  is  £ar  more  liable  than 
they  to  crack,  or  even  to  crush  (as  the  writer  has  seen)  when  the  strains  are 
thrown  almost  entirely  upon  their  edges,  as  described  in  Art  3.  For  voiote  on  brick 
arches,  see  n  709 

Atvloncester  Bridve«  England,  of  first  class  cut  stone,  span  150  ft,  rise 
85  ft,  the  centers  were  entirely  struck  within  the  very  short  space  of  3  hours :  and 
the  crown  of  the  arch  descended  10  ias !  At  drosvenor  Bridipe,  England, 
of  first  class  eut  stone,  span  200  ft  rise  42  fL  such  care  was  taken  ui  easing  the 
centers  that  the  crown  of  the  arcn  settled  but  2.5  ins.  This  case  liowever  was 
marked  by  two  or  three  peculiarities,  all  of  which  contributed  to  tlris  favorable 
result.  Namely,  the  center  instead  of  beiog  a  series  of  frames  supported  as  usual 
by  their  ends,  and  of  course  inrolTingan  appreciable^  f^thbugh  small,  degree  of 

sagging  or  settlement,  consisted 
essentially  of  vertical  and  in- 
clined posts  or  struts,  see  Fig  3, 
rooting  on  four  temporary  piers 
of  masonry,  7  or  8  feet  thick,  built 
in  the  river,  parallel  to  the  abut- 
ments, and  as  long  as  they.  These 
piers  supported  six  frames  (or 
rather  six  series)  about  7  ft  apSLri 
cen  to  cen,  of  such  atruta,  footing 
on  cast  iron  shoes.  Fig  3  shows 
half  of  one  series.  Each  Arame 
or  series  oonsisted  of  four  fan-like 
setsof  posts,  all  in  the  same  ver- 
tical plane.  The  long  horizontal  pieces  seen  extending  from  sid^  to  side  of  the 
arch  were  bolted  to  the  struts  to  increase  their  stifihesa ;  and  other  pieces  for  the 
same  purpose  united  the  six  series  transversely.  Here  each  strut  sustains  its  own 
share  of  the  weight  of  the  archstones,  and  transfers  it  directlv  to  the  unyielding 
foundation  ef  the  Pier ;  whereas  in  the  usual  trussed  centers,  tne  entire  load  rests 
upotf  the  framee,  %Dd.v  9>|Uly  transferred  to  the  comparatively  unstable  support 
of  the  postjat  their  ends. 

The  tops|>  of  thep«ists  of  a  series  varied  about  from  5  to  8  ft  apart  cen  to  cen ; 
and  were  cehnected  by  a  continuous  curved  rib,  r  r,  of  two  thicknesses  of  4  inch 
plaok,  bent  to  cenibrm  approximates^  to  the  ctirve  of  the  arch.  Oa  th  is  rib  were 
placed  p^irs  of  strikinf^wedges  to  lik^FIg  2,  about  16  ins  long,  10  to  12  ins  wide,  and 
tapering  1.5  ins,  so  near  together  (varying  about  from  2.5  to  3.5  ft  cen  to  cen)  that 
theie  was«  pah*  under  each  Joint  of  the  archstones,  a  a.  On  these  wedges,  and  ex- 
tending over  all  six  of  the  frames,  were  the  lagging  pieces  /,  4.5  ins  thick. 

This  pecuMar  arrauireinent  of  tbe  Striktngr-wedjpes  and  lag- 
ging has,  iir  have  spans,  gT9at  advantages  over  the  usual  one  of  placing  them  only 
at  the  ends  of  the  frames.  In  the  last  the  entire  Center  and  the  entire  arch  are 
lolwered  together,  without  giving  an  opportunity  to  rectify  ant  slight  derange- 
ments of  shape  or  inequality  of  bearingthat  may  have  occurred  in  the  archdnring 
its  construction,  This  center,  designed  by  Mr.  Trubshaw,  admits  of  lowering 
either  the  whole  equally,  or  any  one  part  a  little  more  or  less  than  the  others. 
Jr  JteSi-™!*^"  experience  in  large  arches,  and  stated  that  during  the  striking  he 
fduAd  that  he  had  an  arch  under  better  control,  oir  could  humor  ft  better,  by  keep- 
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» 1.  I— teiUI  of  ptors  of  niMWiinr  for  svpportiog  the  feet  of  the 

posts,  wooden  cribs  or  piles  may  olteo  be  used  if  the  arch  u  OTer  water. 

The  principle  of  Mipportinfr  ewen  traased  Ununes  by  struts 
at  poiota  of  the  chord  as  far  from  the  abutments  as  circumstances  will  admit  of 
(in  addition  to  those  at  the  very  ends)  should  alwars  be  applied  when  possible, 
in  order  to  reduce  their  sagging  to  a  minimum.  SteM  or  oflheto  In  the 
mttnonrjr  of  the  abutments  and  piers  may  be  proTlaed  for  receiving  the  feet 
of  such  struts,  when  they  are  inclined. 

Rem.  2.  Screitw  may  be  aned  instead  of  wedges  for  lowering  centers.  At 
the  Pont  d' Alma,  Paris,  ellipse  of  141.4  ft  span,  and  28.2  ft  rise,  the  frames  were  sup- 
ported by  wooden  pistons  or  nlunffers,  the  feet  of  which  rested  ou  sand  eon* 
liaed  in  plate-irou  eyllnders  1  ft  in  diam  and  height,  and  having  near 
the  bottom  of  each  a  plug  which  could  be  withdrawn  and  replaced  at  pleasure, 
thus  regulating  the  outflow  of  the  sand  and  the  descent  of  the  center.  This  dcs 
vice  succeeded  perfectly,  and  is  well  worthy  of  adoption  under  arches  exceeding 
about  60  ft  span.  When  much  larser  than  this  tne  driving  of  the  wedges  on 
striking  retjuires  heavy  blows,  and  becomes  a  somewhat  awkward  operation,  re- 
quiring at  times  a  battering-ram,  even  when  the  wedges  are  lubricated.  In  rail- 
road cuttings  crossed  by  bridges,  the  eartb  under  the  areh  has  been 
made  to  serve  as  a  center,  by  dressing  its  sarftce  to  the  proper  curve,  and  then 
embedding  in  it  curved  timbers  a  few  feet  apart,  and  extenaing  from  abut  to  abut, 
for  supporting  the  close  plank  lagging. 

Rem.  8.  All  centers  most  yield  or  settle  more  or  less  under  the  wt 
of  the  arch,  especially  when  supported  only  near  their  ends;  and  since  the  arch 
itself  also  settles  somewhat  not  only  when  the  centers  are  struck,  but  for  some 
time  after,  it  is  advisable  to  make  them  at  first  a  little  higher  than  the  finished 
arch  is  intended  to  be.  This  extra  height,  when  the  supports  are  at  the  ends, 
may  be  from  2  to  4  ins  per  100  (t  of  span  for  cut  stone  arvnes  (according  to  time 
of  strilciug,  character  of  masonry,  workmanship,  etcj^  and  about  twice  as  much  in 
brick  ones. 

Rem.  4.  Tlie  proper  time  fi»r  strilLlnc  centers  is  a  disputed 
point  among  engineers,  some  contending  that  it  shoiud  be  done  as  soon  as  the 
arch  is  finished  and  sufficiently  backed  up;  and  athers  that  the  mortar  should 
first  be  given  time  to  harden.  It  is  the  writer's  opinion  that  inasmuch  as  in 
cut^-fitone  arches  the  mortar  joints  shoukl  be  very  thin ;  and  since,  in  such,  the 
mortar  is  at  best  of  very  little  service,  it  is  of  no  importance  when  they  are  struek ; 
provided  the  nasonry  backing,  and  the  embkt  ap  to  y  s  Vig  2,  p  098, have  besa  cnm- 
ploted ;  but  that  in  brick  or  rubble,  the  nnmerous  Joints  of  both  of  which  require 
much  mortar,  (which  fur  hardness  shoukl  coustst  largely  of  cement,)  S  or  4  months, 
or  longer,  if  possible,  should  be  allowed  it  to  harden  sufficiently  to  prevent  undue 
compression  and  consequent  settlement  when  the  centers  are  struck.  The  con- 
tinuance of  the  centers  need  Bot  interfere  with  traffic  ovex  the  bridge. 

Art.  2.  The  pressure  of  archstones  against  a  center  is  very  trifling  until  after 
the  arch  is  built  up  so  fkr  on  eadl  side  that  the  Joints  form  angletf  of  25<*  or  30° 
with  the  horizontal.  Theoretical  discussions  on  this  pressure  make  no  allowance 
for  accidental  iarrings  in  laying  the  archstones,  or  by  the  accumulation  of  material 
ready  for  use,  laborers  working  on  it,  Ac.  Without  going  into  any  detail,  we  merely 
advise  on  the  score  of  safety  not  to  assume  it  at  less  than  about  the  following  pro- 
portions or  ratios  to  tte  weMfht  of  the  entire  arch,  namely,  in  a  semicircular  arch 
.47 ;  rise  .35  span,  .61 ;  rise  .20  span,  .79 ;  rise  .2  span,  M;  rise  .167  span,  or  less,  1, 
or  equal  to  the  wt  of  the  arc^.  This  ffives  the  pressure  of  a  semicircular  arch 
upon  its  centers  rather  less  than  half  its  wt  Tiie  wt  of  tile  centers 
tnemseiwee  when  supported  only  near  the  ends  must  be  considered  as  part 
of  the  load  borne  by  them. 

Ai^*  '•  We  have  seen  that  as  an  arch  a  a  a  is  being  grsdually  built  upward  on 
both  sides,  after  passing  the  points  e,  e,  Fig  4,  where  Its  joints  form  angles  a  <  e,  of 
about  'i(P  with  the  horizontal  a  a,  the  arch  begins  to  press  more  and  more 
upon  the  centers;  thereby  tending  to  flatten  them  at  the  haunches,  as  shown  at  h 
in  the  dotted  line ;  and  consequently  to  raise  them  at  the  crown,  «s  shown  at  e. 
But  as  the  building  goes  on  still  nigher,  the  added  stones  press  much  more  heavily 
upon  the  centers  than  those  below  had  done,  and  thereby  tend  to  a  final  derange- 
ment of  the  centers  Just  the  reverse  of  that  caused  by  the  lower  ones ;  namely  to 
depress  them  at  the  crown  a,  as  at  o;  and  consequently  to  raise  the  haunches  as 
at  n;  and  this  the  more  because  the  upper  stones  actually  tend  to  lift  or  ease  the 
lower  ones  from  the  lagging.  In  some  cases  where  this  tendency  has  been  in- 
creased by  forcing  the  keystones  into  place  by  too  hard  driving,  the  lagging 
under  the  bsuoek^  ooukl  b«  drawn  out  without  any  trouble  before  the  centers 
were  eased  at  all.    On  striking  the  centers  this  tendency  to  sink  at  crown  and 
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Ae  «t  hmwiches  is  ▼err  a»t  to  exhttit  tt«lf  nwre  or  lew  daageioody  In  «he  «rc 
stones  thcnuelres,  as  in  Fig  5.  cansBg  th«e  »ew  the  erown  to PJ^b^ctv  l^ijd 
tocher  at  tlie^trado«,«Bd  to  8e|»ratefi«m  each  other  at  the  iDtndDs;  while 
nwT  the  haanchea  the  iCTeiae  takes  place.    Hence  the  anglra  of  the  stonw  «« 
fcSqnenUy  spUt  and  spawled  off  near  c  and  A  by  this  unequal  preasure.    th^-a 


These 
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deraneements  are  of  course  much  more  likely  to  be  serious  in  high  arches  than 
In  flat  ones,  especially  if  their  spandrels  are  not  sufficienUy  built  up  before 
lowering  the  centers.  ,   ,         *«„„^  x^-    j 

In  the  Grosvenor  bridge,  before  alluded  to,  of  200  ft  soan,  this  dangerous  exeess 
of  pressure  near  c  and  h  was  prevented  by  covering  the  skewback  joint  of  the 
springing  course  at  each  abutment  with  a  wedge  of  lead  1.5  ins  thick  at  the  in- 
trados  of  the  arch,  and  running  out  to  nothing  at  the  extrados.  Beside  this  a 
strip  9  ins  wide  of  sheet  lead  was  laid  along  the  intrados  edge  of  every  joint  untU 
reaching  that  point  at  which  it  was  judged  that  thfe  line  of  pressure  would  pass 
from  the  intrados  to  the  extrados :  after  which  similar  strips  were  laid  along  the 
Mtrados  edges  of  the  joints,  up  to  the  crown.  Hence  when  the  centers  were 
struck  this  excess  of  pressure  merely  compressed  the  lead,  and  was  thus  enabled 
to  distribute  ittelf  mwee  BTehly  otm  the  entire  depth  of  the  joints.  See  Trans 
Inst  Civ  EUig  London,  voli. 

At  the  b-rids^  a*  Nenllly,  France  (of  5  elliptic  arches  of  120  ft  span, 
and  30  ft  rise),  the  centers  were  so  radically  defective  in  design  that  the  arches 
sank  13.25  ins  at  crown  during  the  time  of  building;  and  ld3  ins  more  during 
and  immediately  after  the  striking ;  or  say  2  ft  in  all  Their  construction  made 
the  striking  very  tedious  and  hazardous;  greatly  endangering  the  lives  of  the 
workmen  and  the  existence  of  the  arches.  Some  of  the  joints  at  the  extrados 
at  the  haunches  opened  an  inch  each ;  and  those  at  the  intrados  of  the  crown  .25 
of  an  inch.  By  the  exerciw  of  great  care  and  humoring  in  lowering  the  centers, 
these  openings  were  much  reduced. 

Rem.  1.  (Aattiferins^  tlie  edgr^s  of  the  arehstones  diminishes 
the  danger  of  their  spawling  off  from  unequal  pressure ;  as  does  also  the  flier«p- 
iiiff  out  of  tlie  mortar  of  the  Joints  for  an  inch  or  two  in  depth  be* 
fore  striking  the  centers. 

Rem.  2.  It  is  evident  that  in  order  to  prevent,  or  at  least  to  diminish  the 
alternate  derangements  of  the  centei\  those  of  its  web  members  which  at  first 
acted  as  struts  near  the  haunches.  Fig.  4,  to  prevent  them  from  sinking  as  at 
is  act  as  ties  to  prevent  them  from  rising  as  at  n;  while  those 
which  at  first  acted  as  ties  near 
the  crown  a,  to  prevent  it  from 
rising  as  at  c,  must  afterwards 
act  as  struts  to  prevent  it  trcnt 
sinking  as  at  o*  In  other  words, 
the  principle  of  coanter- 
braclne  must  be  attended 
to  as  weliin  a  frame  or  truss 
f  >r  a  center,  as  in  one  for  a 
bridge.  If  the  web  members 
are  on  the  Warren  or  simple 
triangle  system,  as  in  Fig  ^ 
p  689,  this  may  be  effected  by 
making  each  member  a  tie- 
strut;   or  the   Pratt,  or   the 

»ay  be  used.  ^"""^  ^^^^"^'  ^*«  ^'  P  ^^ 

Art.  4.  From  the  foregoing  it  is  plain  that  a  simple  nnhraoed  wooOea 


A.  must  afterwards  s 
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areli,  or  corded  rib  is,  on  account  of  its  great  flexlbiHty,  abont  as  nnfit  a  form 
as  could  be  chosen  for  a  center,  except  for  very  small  spaus,  where  a  great  propor- 
tional depth  of  rib  can  be  readily  secured.  Still  the  writer  has  seen  it  used  ior  a 
cut-stone  semicircular  arch  of  85  ft  span,  with  archstones  5  ft  deep.  Fig  6f  rfhows 
one  rib  r  r,  and  the  arch,  a  a,  drawn  to  a  scale.  Each  rib  consisted  of  two  thicknesses 
of  2  inch  plank  in  lengths  of  about  6.5  ft,  treenailed  together  so  as  to  break  joint, 
•  as  at  B.  EaeW  piece  of  plank  was  12  ins  deep  at  middle,  and  8  ins  at  eacli  end ; 
the  top  edge  being  cut  to  suit  the  curve  of  the  arch.  The  treenails  were  1.25  ins 
in  diam ;  and  12  of  them  showed  to  each  length.  These  ribs  were  placed  17  ins 
apart  from  cen  to  cen,  and  steadied  together  by  a  bridging  piece  of  inch  foonurd,  13 
ins  long,  at  each  Joint  of  the  planks,  or  about  3.25  ft  apart.  Headway  for  traffic 
being  necessary  under  the  arch,  there  were  no  chords  to  cmite  the  opp(»ite  feet 
of  the  ribs.  Tne  ribs  were  covered  with  close  board  lagging,  which  soso  assisted 
in  steadying  them  together  transversely.  AaXhe  arcn  approactied  about  two- 
thirds  or  its  height  on  each  side,  the  ribs  began  to  sink  at4«ie  haunches,  as  at  A, 
Fig  4 ;  and  to  rise  at  the  crown,  as  at  c.  This  was  rectified  by  loading  the  crown 
with  stone  to  be  used  in  completing  the  arch ;  which  was  then  finished  without 
further  trouble. 

A  still  more  striking:  example  of  the  use  of  a  simple  unbraced 
wooden  rib,  was  in  the  old  National  Turnpike  bridge  over  Wills  Creek,  Virginia. 
This  bridge,  of  which  one  arch  with 
its  center  is  shown  in  Fig  7  drawn 
to  a  soale,  consisted  pf  two  elliptic 
cut  stone  arches  26.5  ft  wide  across 
roadway,  and  of  60  ft  span,  and  15 
ft  rise.  The  archstones  were  3  ft 
deep  at  crown«  and  4  ft  deep  at 
skewbacks.  Eaeli  ftrame  of 
tlie  center  was  a  simple  rib  6 
ins  thick,  composed  of  three  thick- 
nesses of  2  inch  oak  plank  in  dififerent  lengths  (about  7  to  15  ft)  to  suit  the  curve, 
and  at  the  same  time  to  preserve  a  width  of  aWut  16  ins  at  the  middle  of  each 
length,  and  12  ins  at  each  of  its  ends.  The  thicknesses  were  well  treenailed  to- 
gether, breaking  joint  and  showing  from  10  to  16  treenails  to  a  leneth. 

Here,  as  iu  Fig  6,  there  were  no  chords,  owing  to  the  violence  of  the  floods  in 
the  creek.  These  ribs  were  traced  18  ins  from  cen  to  cen,  and  steadied  against 
one  another  by  a  board  bridgiug-piece  1  ft  long,  at  every  5  ft.  These  were  of 
course  assisted  by  the  lagging. 

When  the  archstones  bad  approached  to  within  about  12  ft  of  each  other  near 
the  middle  of  the  span,  the  sinking  at  the  crown,  and  the  rising  at  the  haunches 
had  become  so  alarming  that  pieces  of  12  X  12  oak,  00,  were  hastily  inserted  at 
intervals,  and  well  wedged  against  the  archstones  at  their  ends.  The  arch  was 
then  finished  in  sections  between  these  timbers,  wfaietkareid  removed  one  by  one 
as  this  was  done, 

Bern.  i.  9ach  toistanees  of  partial  fHilnre  are  very  instmetive. 
It  is  indeed  by  such,  rather  than  by  theoretical  deductions,  that  the  proper  dimen- 
sions are  arrived  at  iu  a  irast  numbsr  of  oases  pettslning  to  engineering,  ma- 
diinery,  Ae,*  Thus  we  uig^t  with  «ntlre  confidenoe  of  no  serious  mfohap,  apply 
ribs  of  the  foregoing  dimensions  to  spans  only  half  as  great. 

Rent.  2.  Assumii^the  rib-planks  to  bo  12  ins  ifido,  it  would,  as  a  matter  of 
detail,  be  better  to  make  them  about  10  ins  wide  at  the  ends  instead  of  tne  8  ins 
in  Fi|;  6  making  top  curve  2  ins.  To  secure  this,  their  lengths,  depending  on  the 
radios  of  the  rib,  must  not  exceed  those  in  tbe  followingr  taMe  t 


Bad 
of  Arch. 

Greatest  Length. 

Bad 
of  Arch. 

Greatest  Length. 

Feet. 
5 

la 

15 
20 
25 

Feet  and  Ins. 
2      "      5 
8      "      4 

4  "      2 

5  "      0 
5      "      9 

Feet. 
30 
85 
40 
45 
50 

Feet  and  Ins. 

6  "      4 

7  "      0 
7-6 

7  "    10 

8  "      2 

•  The  yonnf  engineer  •hoold  make  and  preierre  foil  note*  In  detail  of  aU  ancli  as  may  fall  within 
hlsnotlcet 
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Is  »Me»  wli^re  all  posslMe  lieadwajr  is  caaftial 

tne  tvo  foregoing  ones,  the  writer  would 


If  eat  IH  tioMS  m  lone  m  this  teUe.  they  wffl  be  Terr  approximate^  8  iat 
wide  at  eoak ;  or  eaeb  will  on  top  earve  4  ins. 

ArU  5. 

daring  the  building  of  the  arch,  as  in  ^      . 

sugj^est  the  expedient  rudely  illustrated  by 
Fig  8;  namely  to  place  tbe  ceatera 
aboire  ilie  arch,  instead  of  betow 
it ;  and  after  the  arch  is  completed  in  sec- 
tions, a  a,  in<ead  of  lowrennflf  the  cen- 
ters, to  take  4liem  apMurt.  The  cen- 
ters might  resemble  in  principle  Fig  36^ 
p5ML 

Fig  8  is  a  transrerse  section  through  part 
of  the  eent^,  and  of  the  arch  a  a.  Uere 
r  e,  rc^rCf  are  frameset  the  center  say  5 or6 
ft  apart ;  and  of  any  depth  and  constnietion 
whaterer  that  may  be  necessary  to  insure  absolute  safety ;  and  Ilia  the  lacking. 
Harinflr  built  the  arch  from  abutment  to  abutment  in  a  series  of  sectionsa,  a^  a,  ne- 
cesnarUy  separated  say  a  foot  or  more  by  the  deep  frames,  we  may  take  the  centers 
apart,  and  tnen  fill  in  the  narrow  intermediate  sections  upon  a  lagging  suspended 
by  iron  rods  from  the  alreadr  completed  sections.  Good  concrete  might  be  used 
for  these  narrow  sficf.lonfc  in  some  cases  it  might  be  well  to  use  deep  plate- 
Iros  rilM  of  I  section,  resting  the  lagging  on  the  lower  flange.  Fart  of  the 
#cb  might  be  left  remaining  embedded  in  the  masonry ;  and  the  uiq[>er  part  and 
both  flanges  remored  after  we  arch  ia  finished. 

Art.  6.    CTentem  irlMi  lior  cliardft  c  e  Ffg  9  are  objectionable  (notwith- 
standing their  strength)  in  large  spans  of  great  rise,  as  on  right  side  ol  the  Fig,  on 

account  of  the  excessive  length 

required  for  the  web  roerabera; 

and  hence  it  will  in  such  castes 

usually  be  found  expedient  to 

adopt   something   analogous  to 

whi^  is  shown  on  the  left  hand 

of  the  Fie.  Here  a  truss/,  shorter 

and  shallower  than  that  on  the 

right  hand,  is  substituted  for  the 

latter.  At  its  ends  provision  most 

be  made  Ibr  supporting  not  only 

itself,  but  the  archstones  below 

it.    As  the  pressure  of  these  low- 

'     er  archstones  is  comparatiTely 

8mall,4his  may  usual!  v  be  effectea 

by  resting  the  end  of  the  frame 

/  upon  another,  and  shallower  frame  o  a.   This  may  In  large  spans  be  aided  by 

either  inclined  or  Tertical  st  ruts,  either  single  or  braeed  together ;  or  as  the  trestles 

on  p  766.    Hometimes  one  shallow  trass  like  /  is  sustained  upon  another  truss 

throughout  Its  entire  length.  The  striking-wedges  ftur  these  yarious  supports  may 

be  placed  at  either  their  tops  or  their  feet,  as  may  be  moat  convenient. 

Art.  7.  For  flat  arelies  of  10  feet  clear  span,  a  mere  board  oo 
Fig  10, 12  ins  deep,  by  1.5  ius  thick,  with  another  piece  c  of  the  same  thickness 
on  top  of  it,  trimmed  to  the  curve,  and  con- 
fined to  0  0  by  nailing  on  two  cleats  of  nar- 
row board,  will  answer  every  purpose,  with 
intervals  of  18  ins  from  cen  to  cen.  If  the 
upper  piece  also  is  as  inuch  as  12  ins  deep  at 
Its  center,  the  clear  span  may  be  extended 
to  15  ft 

For  spans  of  10  to  15  ft,  and  of  any 
rise,  two  thicknesses  of  plank  from  1  to  2  ins 
thick  according  to  span;  8  to  12  ins  wide  at 
ntiddle  of  each  piece,  in  lengths  as  per  table.  Rem  2,  Art  4,  well  nailed  or 
nplfced  together,  according  to  span,  breaking  joint  as  in  Fig  6,  will  answer  for 
distances  of  2  to  3  ft  apart  cen  to  cen.  For  greater  dists  apart  increase  the  thick- 
ness of  the  planks  proportionally. 

*  '*^*i'*®  ip<»nters  bave  to  be  moved  ftrom  place  U*  place«  to  serve 
for  other  arches,  then,  to  preserve  them  from  injury  in  handling,  their  feet  should 
be  united  by  nailing  on  one  or  both  sides  of  each  frame  a  chord  piece  of  about  1 
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Inch  board ;  and  also  a  yerUcal  piece  oc  piecef  of  the  8%ine  sUa  from  the  centor 
of  the  chord  to  the  top  of  the  firame. 

Eiren  When  tbe^  are  not  to  be  moTed,  the  chord  pieces  are  useful 
even  in  so  small  spans,  inasmuch  as  they  render  the  striking  easier,  by  not  allow- 
ing the  feet  of  the  ribe  to  ^ve  trouble  by  ^NreBMling  outward  and  [pressing  against 
the  abutments. 

V<»#  ftpHUS  of  15  to  &•  fit,  and  for  any  rise  not  less  than  one  ^xth  of  the 
span,  the  following  dimensions,  Tuying  with  the  span,  may  be  used  for  distances 
apart  of  3  ft  from  cen  to  cen. 
8ee  Fig  11.    For  tlie  bow  b, 
two  thicknesses  of  1  to  2  inch  «] 

plank  from  9  to  12  ins  wido  ,      Oi'  0 
at  the  middle;  and  iVom  7  to  ^^ 

10  ins  at  each  end,  well  spiked 
together  breaking  joint  as  at  B, 
Fig  6.  For  tbeehor4c,two 
thicknesses  of  plank  of  same 
sixe  as  the  bow  at  its  middle : 
placed  on  outsides  of  bow,  and 
well   spiked. to  Hb  ends.     A  Uf 

-weiHlcal  tr,  in  one  piece  as 
wide  as  a  bow  plank,  and  twice 

as  thick.  Ite  top  i9  traced  under  the  bow,  and  is  eemflned  to  it  by  two  pieoes,  o,  o, 
of  bow  plank  twice  as  long  as  the  bow  plank  is  deep,  and  spiked  to  both  v  and  the 
1>ow.  The  foot  of  v  passes  between  the  two  thicknesses  of  the  chord  c,  and  is 
spiked  to  them.  Two  oblique  tlo-strnts,  «,  each  of  two  pieces  of  bow 
plank,  outside  of  the  bow  and  vertical  v;  footing  agisiinst  each  other;  and  spiked 
to  bow  and  v.    These  with  v  divide  the  bow  into  4  parts. 

Bern.  1.  The  above  dimensions  are  suitable  to  a  rise  of  one  sixth.  If  the 
rise  is  one  fourth,  the  tbieknoMi  only  of  the  planks  may  be  reduced  one  third 
part;  and  for  a  rise  of  one  third  or  more,  we  may  reduce  to  one  haU*. 

Rem.  2.  If  in  the  larger  of  these  spans  the  struts  »  should  show  any  incli- 
nation to  bend  sideways,  nail  on  some  pieces  t  from  tr&me  to  frame.  Also  in  the 
larger  ones  with  rises  exceeding  one  third,  insert  four  double  struts  «,  instead 
of  two ;  thus  dividing  the  bow  into  6  parts,  as  at  left  side  of  Fig.  11.  For  spans  of 
25  to  35  ft,  add  also  two  struts  like  a  a,  of  same  size  as  v. 

Art.  8.  For  spans  creater  tban  about  SO  ft,  the  writer  brieves 
that  as  a  general  rule  (liable  to  modificatious  according  to  the  judgment  of  the 
engineer  In  charge)  the  following  ideas  will  lead  to  safe  practice.  Namely,  to 
adopt  a  bowstring  truss  with  a  simple  Warren  or  triangular  web,  as  at  /  on  the 
left  side  of  Fig  9.  The  bow  to  rest  on  the  chord,  and  each  to  be  of  a  sinele  thick- 
ness. The  web  members  (especially  in  large  spans)  t-o  be  also  of  single  thickness, 
and  placed  below  the  bow,  resting  on  the  chords,  and  well  strapped  to  both,  so  as 
to  act  as  either  ties  or  struts.  In  smaller  spans  the  web  members  may  each  be  in 
two  thicknesses,  one  bolted  or  treenailed  to  each  side  of  the  bow  and  chord.  Other 
modes  will  suggest  themselves ;  but  we  have  not  space  for  such  details. 

Or  a  web  of  the  Howe,  or  of  toe  Pratt  system,  ason  the  right  side  of  Fig  9  n)ay  be 
used.  But  in  reference  to  both  of  these  it  may  be  remarked  that  I  be  use  of 
loniT  iron  rods  in  centers  of  large  spans  is  highly  objectionable,  owing 
to  the  different  rates  of  expansion  between  iron  and  wood.  Therefore  if  these 
systems  are  used,  all  the  membersshould  be  of  wood.   Tbe  lattice  may  be  used. 

Even  when  the  rise  of  the  areh  exceeds  .25  of  the  span,  it  is  better  not  to  let 
that  of  the  centers  exceed  that  limit ;  but  adopt  the  expedient  shown  at 
the  left  side  of  Fig  9,  with  a  rise  of  about  one  sixth  of  the  span. 

Rem.  1.  To  fix  on  tbe  number  of  web  triangrles  in  a  Warren 
truss  or  frame  for  a  center,  find  the  square  root  of  the  span,  and  to  it  add  one 
tenth  of  the  span.  Divide  their  sum  by  2,  and  call  tbe  quotient  n.  Divide  the 
span  by  n.  If  this  quotient  is  a  whole  number  use  it;  or  if  the  quotient  is  partly 
decimal,  use  the  whole  nunibcr  nearest  to  it,  as  a  distance  in  feet  to  be  stepped  off 
along  the  chord ;  thus  dividing  the  chord  into  a  number  of  equal  parts.  AH  the 
points  thus  found  on  the  chord,  are  the  places  for  the  feet  of  the  triangles. 
Kext,  from  half  wav  between  each  two  of  these  points,  draw  vertictd  lines  to  the 
bow.  The  points  thus  found  along  the  bow,  are  the  places  of  the  to|»s  of  the 
triangles.  This  rule  will  be  used  in  connection  with  the  following  Table  of  Areas 
of  Bows,  as  the  two  are  dependent  on  each  other. 

In  large  arches  tbe  timber  of  tbe  bow  sbonld  not  be  wasted  by 
trimming  its  upper  edges  to  the  curve  of  the  arch,  but  should  be  left  straight ;  ana 
separate  pieces  so  trimmed,  like  c  in  Fig.  10,  should  be  spiked  on  top  of  them. 
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TiM  tvwmmwewme  aren  •#  the  bow,  in  sqaar«  incbes,  may  be  taken  from 

the  following  table :  and  may  in  practiqe  be  assnmed  to  be  uniform  throughou* 
Its  entire  length ;  which  in  ftet  ft  is  ^uite  appfoxhnaC^.    See  Rem  2. 

TABI.K  FOR  BOWSTRINO  CENTIMIS. 

T»ble  of  aremi  in  square  Inches  at  the  crowa  of  each  Bov»  of  properly 

trniksed  Bowstring  frames  for  centers  of  stone  or  brick  arches.    The  frames  to 

be  placed  5  feet  apart  from  cen  to  cen.    With  these  areas,  the  combined  weights 

of  arch,  center  (of  oak),  and  lagging,  will  in  no  case  in  the  table  strain  the  £ow 


at  crown  of  the  greatest  spans  quite  1000  lbs  per  sauare  inch ;  diminishing  grad- 
ually to  600  or  700  lbs  in  the  smallest  apansi  which  are  more  liable  to  casualties. 
The'de^ths  of  the  arcbstones  may  be  taken  fully  equal  to  those  in  our  tsdble,  p 


697.    Although  centers  of  moderate  span  are  usuallr  made  of  white  or  yellov 
pine,  ^ruce,  or  hemlock,  all  of  which  are  considerably  lighter  than  oak,  we  have 
for  safety  assumed  them  to  be  of  oak,  in  preparing  our  table. 
For  spans  of  firom  10  to  20  feet  use  the  same  sLces  as  for  20  £eet. 


OriginaL 

.5 

.4    .35    .3    .25     .2 

.15 

a 

SpMI 

in  feet. 

Areas  of  transverse  section  of  Bow, 

in  square  inches. 

20 

14 

17 

19 

21 

24 

29 

88 

59 

25 

18 

22 

25 

28 

88 

40 

53 

80 

80 

23 

28 

82 

37 

43 

51 

71 

103 

85 

28 

84 

40 

45 

64 

64 

87 

125 

40 

84 

41 

48 

55 

65 

77 

106 

15» 

45 

40 

49 

67 

t5 

76 

«2 

126 

175 

60 

47 

57 

66 

76 

89 

107 

146 

203 

53 

^ 

64 

75 

87 

102 

121 

166 

288 

60 

60 

73 

85 

99 

115 

135 

187 

268 

65 

68 

81 

95 

110 

129 

151 

209 

294 

70 

75 

90. 

la's 

122 

143 

168 

233 

a26 

75 

8^ 

99 

115 

133 

167 

184 

256 

857 

80  - 

91 

108 

125 

145 

171 

201 

8(fe 

39Q 

85 

99 

117 

136 

157 

186 

218 

423 

90 

108 

157 

147 

169 

199 

235 

825 

457 

95 

lf5 

136 

158 

181 

214 

252 

848 

490 

100 

123 

146 

169 

194 

229 

270 

872 

524 

110 

133 

166 

191 

219 

260 

807 

420 

592 

120 

155 

187 

213 

246 

291 

345 

470 

660 

130 

172 

208 

237 

274 

823  • 

384 

520 

140 

190  • 

230 

263 

803 

357 

424 

572 

160 

209 

252 

289 

333 

893 

466 

160 

229 

276 

815 

365 

430 

609 

170 

250 

299 

S43 

899 

469 

180 

272 

823 

378 

485 

611 

190 

294 

347 

403 

472 

' 

200 

818 

872 

435 

609 

Rem.  2.'  The  jiqaare  root  of  any  of  these  areas  gives  In  inches  the  side  of 
a  sanare  l>ow  of  that  area.  The  distances  apart  of  the  triangles  which  form 
the  web  of  the  frame,  having  first  been  found  by  Eem  1  (for  said  Rem  and  this 
table  are  dei^endent  on  each  oflier),  the  above  areas  for  bows  6  fl  apart  from  cen 
to  cen,  suffice  not  only  to  resist  the  pressure  along  the  bow,  but  also,  as  square 
beams,  to  snstain  with  a  safety  in  no  case  less  than  about  5,  the  load  of  arch- 
stones  resting  upon  them  between  the  adjacent  tops  of  two  triangles :  and  with 
very  triflinjg  deflections.  It  is  therefore  unnecessary  to  deepen  the  ribs  for  that 
purpose:  auhough  it  may  be  done  (preserving  the  same  area)  in  case  consider- 
ations of  detail  should  render  it  desirable. 

As  before  suggested,  it  Will  generally  be  best,  in  spans  exceeding  80  or  40  ft,  to 
give  the  bow  a  rise  not  exe^emng  about  one  flfth  or  one  sixth  of  the  span :  and 
to  support  the  frames  as  at/.  Pig  9. 

■r  *i??.  *'  *'*®  Chord  may  be  the  same  as  that  of  the  bow ;  and  like  it 
uni^rmfrom  end  to  end;  care  however  being  taken  that  it  be  not  materially 
weakened  by  footing  the  bow  upon  its  ends ;  or  (when  too  long  for  single  tim- 
bers; by  the  splicing  necessary  to  prevent  its  being  stretched  or  pulled  ^tm  by 
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the  thrust  of  the  bow.  When,  boweYer«the  chord  cap  b^  placed  at,  or  «  Uttle 
below  the  springs  of  the  arch,  all  dans^r  of  this  kind  may  be  avoided  by  simidy 
wedging  its  ends  well  against  tbe  faces  of  the  abiitmeiUs. 

As  to  tbe  9lBe  of  tbe  web  members,  when  a  bowstring  truss  is 
fftalljr  loaded  on  top  of  the  bow,  (as  is  approximately  the  case  with  a  center 
and  its  archstones,)  the  strains  on  the  web  members  are  quite  insignificant,  and 
arise  chiefly  from  the  weight  of  the  center  itself;  but  wnile  It  ls»  belnk  so 
loaded*  they  are  not  only  greater,  but  are  constantly  changing,  not  only  in 
amount,  but  also  in  character— being  at  one  period  compressive,  and  at  another 
tensile. 

Hence  it  would  be  very  tedious  to  calculate  the  dimensions  of  the  web  members. 
Fortunately  the  necessity  for  doing  so  is  in  a  great  measure  obviated  by  the  fact 
that  a  center  being  but  a  temporary  structure,  the  timber  composing  it  Is  not  ulti- 
mately wasted  if  a  greater  qtiantitv  of  it  is  used  than  is  absolutelr  required. 
Moreorer  facility  of  workmanship  is  secured  by  not  having  to  employ  tmibero 
of  many  different  sizes. 

Hence  the  writer  will  venture  to  suggest,  entirely  as  a  ndeof  thumb,  to  frive 
eaeb  web  member  bair  tbe  tmnswerse  area  of  tbe  bow, 
taking  care  to  make  each  of  them  a  tle-stmt. 

Rem.  a.  As  to  details  of  Joints,  we  refer  to  the  Figs  on  pages  611, 
618 ;  merely  suggesting  here  the  use  of  long  and  wide  iron  shoes  where  timbers 
are  subjected  to  great  pressure  sideways. 

Rem.  4.  To  prevent  the  thrust  of  the  bow  when  its  liae  is  small,  from  split- 
ting off  the  ends  of  the  chords,  the  two  may  be  united  by  many  more  bolts  than 
are  employed  in  roof  trusses,  Ac,  where  only  one  is  generally  placed  near  each  end 
of  the  chord.  But  they  may  when  required  be  inserted  at  intervals  extending  to 
many  feet  from  the  ends.  They  should  have  strong  large  washers ;  and  may  have 
about  the  same  inclination  as  tne  shortest  web  member. 

Another  way  of  securing  the  same  end  in  smaller  spans,  is  by  completely  en- 
casing the  two  sides  of  the  bow  and  chord,  to  a  distance  of  a  few  feel  flrom  their 
ends,  in  short  pieces  of  board  or  plank  spiked  to  both  of  them,  and  having  about 
the  same  inclination  as  lust  suggested  for  bolts. 

Rem.  5,  Build  up  both  sides  of  the  arch  at  once,  in  order  to  strain  the  cen- 
ters as  little  as  possible. 

Rem.  6.  when  a  bridge  consists  of  more  than  one  arch,  and  they  are  to  be 
built  one  at  a  time,  there  must  be  at  least  two  centers;  fer  a  center  must  not 
be  struck  until  the  contiguous  arches  on  both  sides  are  finished,  for  fear  of  over- 
turning tbe  outer  unsupported  pier.  Therefore  if  there  are  but  two  arches,  they 
must  be  built  at  once,  requiring  two  centers. 

Rem.  7.  Always  use  supports  either  vertical  or  inclined  (and  pro- 
Tided  with  striking-wedges)  nnder  the  frames,  and  intermediate  of  the  end  sup> 
porta,  when  possible;  even  if  they  can  extend  out  but  a  few  feet  from  the  abut- 
ments, as  at  the -left  side  of  Fig  9. 

Rem.  8.  Tbe  welgrbt  of  larfre  centers  and  their  laggine  Is  greater 
for  flat  arches  than  for  high  ones  of  the  same  span ;  and  also  approaches  nearer 
to  that  of  the  supported  arch. 

Rem.  9.  Tblekness  of  laf^nar*  The  following  table  jgives  thicknesses 
which  will  not  bend  more  than  an  eighth  of  an  inch  under  the  weight  of  any 
probable  archstones  adapted  to  tbe  respeetlwe  spans ;  and  generally  not 
so  much. 

TABI.E  OF  liACWnfO.-Ortginal. 


Distance  apart 

of  firamea, 
In  the  clear. 


Feet. 
6 
5 

4 
8 
2 


10. 


Span  of  center  In  feet. 
20.  50.         *100.  150. 


800. 


Thickness  of  dose  lagging  not  to  bend  more  than  V^  inch. 
''""  Ins.  —  ^'*'"  ^'"'  ^~" 


Ins. 

°  Ins. 

5 

^4 

8J^ 

4 

2J» 

8 

2 

2 

iVs 

IK 

Wltb  thicknesses  three  quarters  as  great  as  these,  the  bending  may  reach 
a  Ihli  ^^uarter  inch ;  which  may  be  allowed  in  dists  apart  of  3  or  more  fL 

Rem.  10.  Centers  are  framed,  or  put  together,  (like  iron  bridges)  ou  a 
firm,  level  temporary  floor  or  platform,  ou  which  a  fuU-siae  drawing  of  a  frame  is 
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first  made.    As  Mch  frmme  is  finished,  it  is  remored  to  its  place  oa  the  piers  of 
abnts. 

Art.  9.  Tlie  WIssalllckon  Bridge  of  the  Beading  R  JK,  at  Philadelphia, 
has  five  arches  of  65  ft  span,  23  ft  rise,  28  ft  wide  (arcbstones  3  ft  deep,  with  dressed 
beds  and  Joints,  in  cement  mortar) ;  with  four  cutstone  piers  9.5  ft  tliick  at  top,  and 
from  35  to  50  ft  high.  It  contains  about  15400  cub  yds  of  masoury.*  £aeh  center 
couflisted  of  7  frames  or  trusses  of  hemlock  timber,  of  the  Bowstring  pattern,  with 
lattice  (p  596)  web-members ;  and  as  nearly  as  may  be,  of  the  same  span  and 
rise  as  the  arches.    They  were  placed  4.5  ft  apart  from  center  to  center;  and  were 

supported  near  each  end  /,  Fig  13 
(a  transverse  section  to  scale)  by 
a  hemlock  post  p,  12  ius  square. 
The  bow  was  of  two  thicknesses 
66  of  hemlock  plank,  6  ins  apart 
clear,  in  lengths  of  6  ft,  with  their 
upper  edges  cut  to  suit  Uie  curve 
of  the  arch.  Kach  piece  was  4  ins 
thick, by  13.5 ius deepat  its  middle, 
aud  12  ins  at  its  ends.  These  pieces 
did  not  break  joint;  but  at  eadi 
joint  were  four  %  inch  liolts,  with 
nuts  and  washers,  uniting  them 
with  chocks  or  fiiliiig-in  pieces. 
•  The  bow,  6  6,  footed  on  top  of  the  ends  of  the  chords  /;  and  the  angle  formed  by 
their  meeting  (seen  only  in  a  side  view)  was  (for  about  2.5  ft  horizontal  and  5.5  ft 
vertical)  filled  up  solid  with  vertical  pieces,  to  afford  a  firmer  base  for  resting  the 
frame  on  n ;  beyond  which  it  extends  (in  a  side  view)  about  18  ins. 

Tbe  eborda  /were  of  two  thicknesses  of  4  X  1^  hemlock  plank,  6  ins  apart 
clear,  and  most  of  them  in  two  or  three  lengths;  breaking  joint,  and  with  two  % 
inch  bolts,  with  nuts  and  washers,  at  each  joint,  for  bolting  them  together,  and  to 
filllng-in  pieces.  Tbe  web  members  of  each  frame  were  26  hittices,  o,  of 
3  X  12  inch  hemlock^  crossing  each  other  about  at  right  angles,  at  intervals  of  about 
3.5  ft  from  center  to  center,  and  passing  between  the  two  thicknesses  6  6  of  the  bow, 
and  //  of  the  chords.  A  few  of  the  lattices  were  in  two  lengths,  and  the  joints  were 
not  at  the  crossings.  The  lattices  were  connected  at  each  crossing  by  two  hard  wood 
treenails  9  ins  long,  and  2  ins  diam ;  and  one  such,  18  ins  long,  passed  through  the 
intersection  of  each  end  of  a  lattice  with  a  bow  or  chord.  The  first  lattice  foots 
about  4  ft  from  the  end  of  a  chord.  They  do  not  extend  above  the  top  of  the  bow. 
All  the  spaces  between  the  two  thicknesses  of  bow  or  chord,  where  not  occupied  by 
the  ends  of  lattices,  were  completely  filled  by  chocks,  well  spiked. 

Eaeb  frame  contained  about  360  cub  ft  of  timber;  and  weighed  about  5 
tons.  They  were  very  flexible  laterally  until  in  place,  and  braced  together  by  4 
transverse  horizontal  planks  spiked  to  their  ohords ;  aud  by  5  others  above  them, 
spiked  to  the  lattices. 

Until  the  keystones  were  placed,  all  the  joints  of  the  frames  continued  tight,  nnder 
the  pressure  from  the  arch,  and  from  the  unfinished  backing  to  the  height  of  about 
14  ft  altove  the  springing  line ;  but  after  the  keystones  were  set,  all  the  joints  of  the 
chords  alone  opened  from  .25  to  .75  of  an  inch ;  and  at  the  same  time  the  lagging  nn- 
der  the  hawichen  of  the  arches  became  slightly  separated  from  the  sofiBt  of  the  masonry. 
Eacb  center  sanftL  but  a  full  inch  at  the  mitMle,  under  the  pressure  froii 
the  arch  and  14  ft  of  backing. 

The  portion  of  the  bridge  above  the  piers  was  about  two  thirds  completed  befors 
the  centers  were  struck. 

Tbere  was  one  wedg^  to,  to,  (32.5  ft  long,  of  12  X  12  inch  oak)  under  each 
end  of  a  center.  It  was  trimmed  to  form  7  smtdler  ones  to,  w,  each  4.5  ft  long,  and 
tapering  7  ins ;  one  under  each  end  of  each  frame  /.  They  played  between  tapered 
blocks  a,  rt,  of  oak,  2  ft  long,  1  ft  wide,  let  1  inch  into  tbe  cap  c,  or  into  the  piece  m, 
on  which  last  the  frames  /,  /,  rested.  The  sliding  surfiices  were  well  lubricated  with 
tallow  when  put  in  place. 

Tbe  wedipes  were  struck  with  ease,  at  one  end  of  a  center  at  a  time,  by  an 
oak  log  battering-ram  18  ft  long,  and  nearly  a  ft  in  diam,  suspended  by  ropes,  and 
swung  and  guided  by  4  men.  They  generally  yielded  and  moved  several  inches  at 
the  second  blow  with  a  3  or  4  ft  swing.  Although  each  wedge  was  loosened  entirdjf 
within  2  or  3  minutes,  thus  lowering  the  centers  very  suddenly,  yet  on  account  of  the 

•  This  bridge,  finished  without  accident,  in  1882,  reflects  much  credit  oo  the  late  WillUai  i^rens, 
Ksq,  Ch.  Eng;  on  Mr.  Charles  W.  Ruchholic,  Assistant  in  Charge:  and  on  the  skUful  and  enenetio 
aoiicractors.  William  &  James  Nolan,  of  Reading,  Penna.  These  lait  most  eordiallj  aisUted  th» 
writer  In  maitiiig  observations  during  the  entire  progreM  of  the  work. 
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good  character  of  the  masonry,  not  the  ali^tMt  ccack  of  a  mortar  joint  coald  after- 
wards be  detected  in  any  part  of  th&  work.  After  three  days  the  average  sinking  of 
the  keystones  whs  only  .85  of  an  inch  ;  the  least  was  l/i;  and  the  greatest  %  of  an 
inch.  The  heads  and  feet  of  the  posts  p  compressed  the  hemlock  caps  c,  and  the 
sills,  about  %  of  an  inch  each,  showing  that  for  arches  of  this  size  the  caps  and  sills 
had  better  t^  of  some  harder  wood,  as  yellow  pine  or  oak ;  although  probably  the 
compression  was  facilitated  by  the  large  mortices,  3  by  12  ins,  and  6  ins  deep. 
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TABIiE  OF  ACRES  REQUIRED  per  mile,  and  per  100  feet, 
for  different  widths. 


Width. 
Feet. 

Acres 
per 
UUe. 

Aorea 

looTpt. 

Width. 
Feet. 

Acres 

ffre. 

Acres 
lOOFt. 

Width. 

Feet. 

Acr«8 

Acres 
IMPt. 

Width. 
Feet. 

Acres 

Acres 

per 

100  FU 

1 

.121 

.002 

26 

3.15 

.060 

52 

6.30 

.119 

78 

9.45 

.179 

2 

.242 

.006 

27 

3.27 

.062 

53 

6.42 

.122 

79 

9.68 

.181 

3 

.364 

.007 

28 

3.39 

.064 

54 

6.65 

.124 

80 

9.70 

.184 

4 

.485 

.009 

29 

3.52 

.067 

55 

6.67 

.126 

81 

9.82 

,186 

5 

.606 

.011 

30 

3.64 

.069 

56 

6.79 

.129 

82 

9.94 

a88 

6 

.727 

.014 

31 

3.76 

.071 

67 

6.91 

.131 

M 

10. 

.189 

7 

.848 

.016 

32 

3.88 

.073 

Va 

7. 

.133 

83^ 

10.1 

J90 

8 

.970 

.018 

33 

4.00 

.076 

68 

7.03 

.133 

84 

10.2 

J93 

^ 

1. 

.019 

34 

4.12 

.078 

69 

7.15 

.135 

86 

10.3 

.195 

9 

1.09 

.021 

35 

4.24 

.080 

60 

7.27 

.138 

86 

10.4 

.197 

10 

1.21 

.023 

36 

4.36 

.083 

61 

7.39 

.140 

87 

10.6 

.200 

11 

1.33 

.025 

37 

4.48 

.085 

62 

7.62 

.142 

88 

10.7 

m 

12 

1.46 

.028 

38 

4.61 

.087 

63 

7.64 

.145 

89 

10.8 

.204 

13 

1.68 

.030 

39 

4.73 

.090 

64 

7.76 

.147 

90 

10.9 

.207 

14 

1.70 

.032 

40 

4.85 

.092 

65 

7.88 

.149 

% 

11. 

.209 

13 

1.82 

.034 

41 

4.97 

.094 

66 

8. 

.151 

91 

11.0 

.209 

16 

1.94 

.037 

Va 

5. 

.094 

.67 

8.12 

.154 

92 

11.2 

.211 

M 

2. 

.038 

42 

5.09 

.096 

68 

8.24 

.156 

93 

11.3 

.213 

17^ 

2  06 

.039 

43 

5.21 

.099 

60 

8.36 

.158 

94 

11.4 

.216 

18 

2.18 

.041 

44 

5.33 

.101 

70 

8.48 

.161 

95 

11.6 

.218 

19 

2.30 

.0*4 

45 

5.45 

.103 

71 

8.61 

.163 

96 

11.6 

.220 

20 

2.42 

.046 

46 

5.58 

.106 

72 

8.73 

.165 

97 

11.8 

.223 

21 

2.55 

.048 

47 

5.70 

.108 

73 

8.85 

.168 

98 

11.9 

.225 

22 

2.67 

.051 

48 

5.82 

,110 

74 

8.97 

J70 

99 

12. 

.227 

23 

2.79 

.053 

49 

5.94 

.112 

^ 

.  9. 

.170 

100 

12.1 

.230 

24 

2.91 

.055 

H 

6. 

.114 

76* 

9,09 

.172 

% 

3. 

.057 

50 

6.06 

.115 

76 

9.21 

.174 

25* 

3.03 

.057 

51 

6.18 

,117 

77 

9.33 

.177 
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Table  of  ffraden  per  mile,  and  per  i«0  feet  meaenrcwl  horl* 
sontally,  and  eorresipondiiiff  to  dtfTerent  an«les  of  Ineli- 
nation. 


On  a  turnpike  road  1°  38',  or  about  1  in  35,  or  151  feet  per  mile,  is  tli9 
greatest  slope  that  will  allow  horses  to  trot  down  rapidly  with  safety.  In  crossing 
ni'Uintains,  this  is  often  increased  to  3°,  or  even  to  5°,  It  should  never  exceed  2)^°, 
except  when  absolutely  necessary. 


51 
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8U>Pfiai   IH    FKBT   PBR   100   FT.  HORI9HNITAI.. 

The  fractions  of  minntea  nre  giTon  only  to  34  feet  in  100. 

A  cltnoineter  graduated  by  the  3d  colnmn,  and  nnmbered  by  the  first  one, 
vrill  gire  at  si|^t  the  rti^ea  in  feet  per  100  feet.    No  errors.  OriginaL 


lis 

1 

Lengita  of 
alepe  per 
100  ft  hor. 

r 

in 

]               .f 

)             r 
1              r. 

Angle  or 
■lope. 

FeM. 

Deg.    Mhi. 

Feet. 

Deg. 

MiD. 

FeM. 

Dee.    Mill. 

1 

180JKB 

0    34.4 

85 

105.948 

19 

IT 

69 

34    S6 

} 

100J)iO 

1      8.T 

S« 

106.288 

19 

48 

T9 

86      0 

8 

100.045 

1    4.1.1 

37 

108.626 

30 

18 

71 

86    38 

4 

100.080 

2    17.5 

38 

106.977 

20 

s 

72 

96    4f 

ft 

100.125 

2    61.8 

39 

107.836  ■ 

31 

78 

96      8 

? 

100.180 

S    W.0 

40 

107.703 

31 

48 

74 

•6    80 

100.245 

4      0.8 

41 

108.079 

33 

18 

75 

•6    63 

8 

100,319 

4    84.4 

42 

106.463 

32 

4T 

76 

87    14 

9 

10O.4OI 

5      8.6 

48 

106.853 

38 

16 

77 

87    86 

10 

100.499 

5    42.6 

44 

109.253 

3S 

45 

78 

17    57 

11 

lOO.OOS 

6    36.6 

45 

109.669 

34 

14 

79 

88    19 

13 

100.71T 

«   50.6 

46 

110.673 

34 

43 

89 

38    40 

IS 

100.841 

7    24.4 

47 

110.494 

35 

19 

81 

80      1 

14 

100.9T5 

7    68.2 

48 

110.923 

35 

S8 

82 

89    31 

15 

101.119 

8    81.9 

49 

111.S59 

96 

6 

88 

80    48 

18 

101.272 

9      5.4 

50 

111.803 

26 

84 

84 

40      3 

It 

101.435    - 

9    88.9 

51 

112.254 

37 

1 

85 

40    33 

18 

101.807 

10    12.2 

62 

112.712 

27 

28 

86 

40    43 

Id 

101.788 

10    45.5 

68 

11.1.177  , 
113.649 

37 

56 

87 

41      1 

20 

101.980 

11    18.6 

64 

28 

22 

88 

41    n 

s 

102.181 

11    61.6 

65 

114.127 

38 

49 

89 

41    40 

102.391 

12    24.5 

66 

114.612 

39 

15 

96 

41    80 

29 

1(^2.611 

12    57.2 
.13    K».8 

67 

115.104 

39 

41 

91 

42    18 

24 

102.^ 

68 

115.80S 

90 

7 

92 

41    fT 

25 

103.078 

14      2.2 

69 

116.108 

80 

S3 

93 

jwv.wva 

4t    56 

28 

10R.32S 

14    84.5 

0Q 

116,619 

SO 

58 

94 

1S7.344 

43    14 

it 

103.581 

15      6.6 

61 

117.1.37 

81 

28 

96 

187.981 

43    St 

28 

103.846 

15#88.5 

62 

11T.661 

SI 

48 

96 

138.623 

43    90 

29 

104.120 

16    10  3 

63 

118,191 

82 

13 

97 

1.39  816 

44      8 

30 

104.403 

16    42.0 

64 

118.727 

S2 

37 

98 

140.014 

44    26 

SI 

104.695 

17    13.4 

65 

119.269 

S3 

1 

99 

140.716 

44    48 

S2 

104.995 

17    44.7 

66 

119.817 

.33 

25 

100 

141.421 

46    00 

ss 

lOn.im 

18    15.8 

67 

120.370 

88 

49 

101 

143.180 

45     17 

34 

106.6M 

18    4«w7 

68 

190.930 

34 

18 

103 

14S.8a 

46    84 

Any  har  dint  is  ^  sloping  dist  X  cosine  ang  of  slope. 

*^    Mloplnic  dist  is  =  hor  dist        -*•  cosine    '*    *'       '^ 
**     vert  lieisbt    is  =  hor  dist .      X  tangent "    "       ** 
or  =  sloi^Qg  dist  X  sine       **    **       •* 
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Table  of  arrmles  per  mfle;  or  per  IIHI  f^et  meaiiaretf 
sontally* 


lhort« 


Grade 

Qrade 

Grade 

Qrade 

Grade 

Grade 

Grade 

Grade 

In  ft. 

in  ft. 

in  ft. 

in  ft. 

in  ft. 

iuft. 

in  ft 

in  ft. 

per  mile. 

per  LOO  ft. 

per  mile. 

per  100  ft. 

per  mile. 

per  100  ft 

per  mile 

per  100  ft. 

1 

.01894 

39 

.73>64 

77 

1.46833 

116 

2.17803 

2 

J)3788 

40 

.75768  , 

78 

1.47727 

116 

2.19697 
3.215*1 

8 

.05682 

41 

.77652 

79 

1.49621 

117 

4 

.07576 

4! 

.79645 

80 

1.51616 

118 

2.23485 

5 

.09470 

43 

.81439  ^ 

81 

1.53409 

119 

2.25379 

6 

-11364 

44 

.83333 

82 

1.56303 

120 

2.27278 

7 

.13268 

45 

.85-227 

83 

1.67197 

1-21 

2.29UB7 

8 

.15152 

46 

.87121 

84 

1.59091 

122 

2.31061 

9 

a704d 

47 

.89015 

85 

1.60985 

123 

2.32955 

10 

.18939 

48 

.90909 

86 

1.62879 

124 

2.34848 

11 

i»833 

49 

.92808 

87 

1.64773 

1-26 

2.36742 

13 

.22727 

50 

.94697 

88 

1.66666 

126 

2.38636 

13 

.24621 

61 

.96591 

89 

1.68561 

127 

2.40580 

14 

.26515 

62 

.93485 

90 

1.70456 

128 

2  42424 

15 

.28409 

63 

1.00379 

91 

1.72348 

129 

2.44318 

16 

.30303 

64 

1.0ai73 

92 

1.74242 

130 

2.46212 

17 

.32197 

65 

1.04167 

93 

1.76136 

131 

2.4S106 

\l 

JH091 

56 

1.06061 

94 

1.78030 

132 

2.60000 

.35985 

67 

1.07965 

95 

1.79924 

138 

2.51894 

JO 

.37879 

68 

1.09848 

96 

1.81818 

134 

2.53788 

21 

.89773 

69 

1.11742 

97 

1.83712 

135 

255682 

22 

.41667 

60 

1.13636 

98 

1.86606 

136 

2.57676 

23 

.43561 

61 

1.15630 

99 

1.87600 

137 

2.59470 

24 

.45455 

62 

1.17424 

100 

1.89394 

138 

2.6i:9U 

25 

.47348 

63 

1.19318 

101 

1.91288 

139 

2.63268 

26 

.49242 

64 

1.21212 

102 

1.93182 

140 

2.65162 

27 

.61136 

65 

1.23106 

103 

1.96076 

141 

2.67045 

28 

JMWiO 

66 

1.25000 

104 

L96969 

142 

2.65939 

29 

.64924 

67 

1.26«94 

105 

1.98864 

143 

270838 

ao 

.66318 

68 

1.28T88 

10  J 

2.00758 

144 

272727 

81 

.58712 

69 

1.30®  2 

107 

2.02652 

145 

2.74621 

82 

.60606 

TO 

1.32576 

lOS 

2.04545 

146 

2.76515 

33 

.62503 

71 

1.34^0 

109 

2.06439 

147 

2.78400 

84 

.64304 

72 

1.30964 

ISO 

2.08833 

148 

2.80308 

85 

.66-288 

73 

1.38258 

111 

2.10227 

149 

2.82197 

86 

.68182 

74 

1.40152 

112 

2.12121 

150 

2.84091 

87 

.70076 

75 

1.42045 

113 

2.14015 

151 

2.85986 

88 

.71970 

76 

1.43939 

114 

2.16909 

152 

2.87870- 

If  the  grade  per  mile  should  conslet  of  foet  and  imih$,  add  to  th«  grade  per  100 
feet  in  the  ftMregoing  table,  that  cotreepoodiog  to  the  number  of  tenths  taken  from 
the  table  below ;  thus,  fur  a  grade  of  ii.7  feet  per 


.82765  feet  per  100  feet 


;  per  mile,  we  hate  ;81439  +  .01826  ^ 


Ft  per  Mile. 

Per  loe  Veett 

fu  per  U\h. 

Per  MO  Peet. 

Ft  per  Mile. 

Per  KM  Feet 

.05 

.q0094 

4 

.00768 

.7 

.01326 

,1      ♦ 

.00189 

.45 

.00852 

.75 

.01420 

.15 

.00288    . 

.5 

.00347 

.8 

.01516 

.2 

.00379 

.65 

.01041 

.P5 

.61609 

.25 

.60473 

.6 

.01136 

.0 

.01705 

.8 

.00568 

.65 

.01230 

.05 

.01799 

.35 

.00602 

' 

Digitized  by  VjVJVJS 


726 


RAILBOAD6. 


Con  tains  no  error  as  great  as  1  in  the  last  fignro. 


13751 

■.72t 

.868 

13223 

•  .75C  . 

.878 

12732 

•781 

.892 

12278 

.814 

.407 

II864 

•844    ' 

.422 

11469 

•878 

.486 

11090 

.902 

•461 

10748 

•981 

.466 

10417 

» 

.480 

10111 

.494 

9822 

1.01t 

.509 

9549 

1.04T 

.623 

9291 

1.076 

.638 

9047 

1.10« 

.662 

8815 

1^184 

.667 

8594 

1.1^ 

.062 

8386 

1.19i 

.696 

8186 

IS 

.611 

7996 

.626 

7818 

1.280 

.640 

7639 

1.809 

.654 

7478 

1.S39 

.669 

7814 

1867 

.688 

7162 

1.896 

.698 

7016 

1.425 

.712 

6876 

1.464 

.727 

6741 

1.488 

.741 

6611 

1.513 

.757 

6486 

1.542 

.771 

6366 

1.571 

.786 

6261 

1.600 

.800 

6139 

1.629 

.815 

6031 

1.658 

.829 

6837 

1.687 

.844 

6627 

1.716 

•868 

5730 

1.745 

.872 

5545 

1.803 

.902 

5372 

1.862 

.931 

.     6208. 

-   1.92a 

.960 

5056 

1.978 

.988 

4911 

2.096 

1.6t8 

4775 

2.094 

1.047 

4646 

2.152 

1.076 

4523 

2.211 

1.105 

4407 

8.209 

1.184 

429T 

2.327 

1.163 

4192 

S.885 

1.192 

4098 

2.443 

1.221 

8997 

2.502 

1.261 

8907 

2.560 

1.280 

8820 

2.618 

1.809 

8787 

2.676 

1..388 

8657 

2.7.W 

1..367 

Ancof 

BwL 
In  ft. 

Defl. 

Tans. 

DiBt. 

In  ft. 

Mid. 

Onl. 

Q     ' 
1  86 

1581 

2.798 

1.896 

.849 

88 

8506 

2.851 

1.435 

J56 

4a 

84:<8 

1:S? 

1.464 

.864 

.    42 

8870     . 

1.488 

jn 

44 

8806 

8.025 

1.513 

J78 

46 

8248 

8.964 

1.543 

.386 

48 

8188 

8.142 

1.571 

.893 

60 

8125 

8.300 

1.600 

.400 

62 

8070 

8.367 

1.629 

.407 

64 

8016 

8416 

1.668 

.414 

66 

2964 

8.$74 

1.687 

.432 

68 

3818 

8.488 

1.716 

.429 

9 

3866 

8.480 

1.745 

.486 

s 

3818 

8.648 

1.774 

.4tt 

4 

2778 

8.606 

1.803 

.461 

• 

3729 

8.664 

1.883 

.468 

8 

3686 

8.728 

1.861 

.465 

10 

3646 

8.781 

1.890 

.413 

18 

3606 

8.838 

1.919 

.480 

14 

3566 

8.897 

.487 

16 

3638 

8.966, 

j 

,495 

18 

3481 

4.U14  ' 

Mrt 

30 

3466 

4.072 

.609 

_„. 

39 

2421 

4.ni 

.616 

.091 

'A 

2887 

4.188 

.628 

.095 

26 

3856 

4.346 

.681 

.098 

28 

3828 

4.806 

.588 

.102 

80 

!S» 

4.868 

.646 

.106 

sa- 

3262 

4.421 

.662 

.109 

M 

2232 

4.480; 

.660 

418 

86 

2204 

4.887 

•667 

.116 

88 

2176  • 

4.686 

.674 

.120 

40 

2149 

4.664 

.582 

.128 

43 

3123 

1:S? 

I 

sn 

.137 

.  44 

2096 

M6 

.181 

46 

2071 

4.829 

.698 

•184 

48 

3046 

4.888! 

.611 

.188 

60 

3022 

tSi 

.618 

.142 

63 

1999 

:636 

.146 

54 

1976 

6.QB1 

.03 

.149 

66 

1958 

6.120 

•.www 

^•40 

.168 

68 

1932 

S:&« 

2.588 

.647 

.166 

8 

1910 

2.618 

.654 

.160 

9 

1889 

t:SS 

3.647 

jm 

.164 

4 

1869 

3.675 

j&m 

.167 

« 

1848 

6.411 

3.706 

jm 

.171 

8 

1829 

6.467 

8.734 

.688 

.174 

10 

1810 

5.526 

3.768 

.691 

.178 

13 

1791 

'"8 

3.793 

.686 

.182 

14 

1772 

2.W1 

.706 

.186 

16 

1754 

.718 

.189 

18 

1736 

.730 

.193 

30 

1719 

.737 

.197 

33 

1702 

.784 

.200 

24 

1685 

.742 

.204 

36 

1669 

.749 

.207 

38 

.1668 

.756 

.211 

90 

laST 

.M4 

.214 

83 

1623 

.711 

.218 

84 

1607 

.778 

.225 

86 

1592 

.785 

.288 

88 

1577 

.796 

.240 

40 

1663    . 

.247 

43 

1548' 

.997 

.255 

44- 

1686 

JBlt 

.262 

46 

.     1521 

.828 

.268 

48 

1508 

1- 

.829 

.278 

60 

1496 

.886 

,284 

53 

1482 

^.^ 

8.874 

.sa 

.291 

64 

1468 

».897 

8.409 

.851 

.296 

66 

1457 

<&6« 

8.483 

.888 

.805 

-  ^ 

1446 

•J30 

8.460 

jm 

.813 

4 

14.S8: 

61960 

8480 

.878 

.•no 

5 

1403 

Y.m 

S.5tl 

.891 

.827 

10 

1876 

litn 

Mas 

J&m 

.884 

16 

1848 

7.4U 

Ml 

M'l 

20 

1828 

7.661 

s.ia 

J45 
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Table  6r  Riidii,  ntiddle  Ordinate^  Ae,  of  €arv€M.  Chord  lOO'fbet. 

■    (Continued.)    ' 
The  Tangential  Angle  is  always  one-half  of  the  Angle  of  Deflection. 


Ang.or 
Deft. 

Bad. 

Inn. 

DcfL 
Dtet. 
In  ft. 

Tang. 
Dist! 
in  ft. 

X14.* 
OkL 

kng.ot 
Deft. 

Bad. 
in  ft. 

Oefl. 
DUt. 
in  ft. 

Tang. 
Di«t. 
in  ft 

Hid.* 
Ofd. 

o     - 
435 

1186 

T.707 

8.854 

MH 

O    ' 

10  16 

.   669.7 

17.87 

8.942 

1.188 

80 

1174 

?:K 

ISi 

.9eli 

80 

646.4 

18.80 

9.160 

1.191 

86 

1350 

1.000 

46 

'     638.6 

18  73 

9.STB 

1.847 

40 

.1S« 

8.148 

4.072 

1.018 

U 

631.7 

19.17 

9.596 

1.401 

46 

1207 

8.188 

4.145 

1.036 

16 

610.1 

19.60 

9.K14 

2.456 

50 

1186 

8.488 

4.218 

1.054 

80 

499.1 

10.04 

10.03 

2.511 

56 

1160 

8.579 

4.290 

1.071 

45 

488.5 

10.47 

10.25 

2.566 

6 

140 

Its 

8.714 

4.863 

1.091 

12 

478.3 

10.91 

10.47 

1.610 

6 

8.809 

4.436 

1.100 

15 

468.6 

1L84 

10.69 

2.671 

10 

IIW 

4.506 

1.127 

80 

409.8 

11.77 

10.90 

2.780 

16 

4.581 

1.146 

46 

450J1 

82.21 

11.12 

1.786 

« 

4.654 

1.164 

18 

441.7 

g:S} 

11.84 

2889 

S& 

4.727 

1.181 

16 

438.4 

11.66 

2.894 

80 

4.799 

1.200 

80 

425.4 

18.61 

11.77 

2.949 

86 

4.872 

1.218 

46 

417.7 

18  J4 

11.99 

8.008 

40 

4.945 

286 

14 

410.8 

84J7 

12.21 

8.068 

45 

iSi 

\.U 

15 

408.1 

14.81 

12.43 

8.118 

60 

80 

896.1 

16.14 

12.65 

6  168 

56 

5.168 

1.291 

45 

889.5 

».67 

11.86 

8.218 

6 

5.235 

1.300 

15 

888.1 

16.11 

18.06 

8.277 

5 

5.808 

m 

16 

876.8 

16.54 

13.30 

8.881 

10 

5.381 

80 

aji 

26.97 

13.51 

8.887 

15 

5.463 

1364 

46 

37.40 

18.73 

8.441 

» 

5.526 

1.381 

16 

859.8 

27.84 

18.95 

3.491 

25 

6.599 

Liod 

80 

848.5 

14.39 

.8.606 

80 

6.672 

1.418 

17 

836.8 

W.81 

8.716 

86 

«A.'KJ 

6.744 

1.437 

SO 

828.7 

15.18 

8.826 

40 

11.68 

5.817 

If 

18 

819.6 

15.69 

8.986 

45 

11.77 

5.890 

86 

811.1 

16.18 

4.046 

50 

U.91 

5.962 

l!5lO 

19 

802.9 

16.56 

4.166 

56 

OW.' 

12.07 

6.035 

80 

»6.S 

17.06 

}:« 

T 

81».0 

11.21 

6.106   , 

IS3 

20 

287.9 

17.48 

6 

800.4 

12.36 

6.180 

21 

174.4 

18.30 

4.594 

10 

0OO.O 

12.60 

6  253 

1.664 

22 

2r2.9 

19.17 

4.816 

16 

7110.8 

12.66 

t.»'M 

1.582 

28 

250.8 

10.04 

5.086 

» 

781.8 

12.79 

6.398 

1.606 

24 

140.6 

10.91 

6.tf6 

16 

778.1 

12.94 

6.471 

1:S 

26 

131.0 

11.77 

6.476 

80 

784.5 

18.06 

6.544 

36 

lUS 

12.64 

1:8? 

86 

780.1 

18.23 

6.616 

1.656 

27 

214.2 

18.61 

40 

747.8 

18.87 

flL66)» 

lv«78 

18 

806.7 

14.37 

6.130 

46 

789.9 

18.52 

6.761 

1.691 

29 

190.7 

15.24 

6.361 

50 

781.0 

18  88 

6.836 

1.710 

90 

1901  • 

16.11 

6.561 

66 

724.8 

18.81 

6.907 

93 

31 

1S7.1 

16.97 

6.806 

8 

716.8 

18.96 

6.960 

32 

181.4 

17.83 

7.017 

16 

086.1 

14.89 

7.196 

1.801 

38 

176.0 

18.70 

7.251 

80 

•74.7 

14.82 

7.416 

1.866 

84 

171.0 

i»M 

S:5f- 

;:iS 

46 

866.6 

16.26 

1.634 

1862 

1.910 

85 

166.8 

60.13 

9 

687.8 

15.69 

i.Sei 

36 

161.6 

61.80 

81.29 

7.919 

16 

010.1 

16.18 

8.070 

2.019 

37 

157.6 

63.45 

82.15 

8.141 

SO 

6«8.e 

16.56 

8.288 

2.07 

38 

158.6 

65.10 

88.01 

8.866 

45 

aB&4 

17.00 

8.506 

8:129 

39 

149.8 

66.76 

88.87 

8.591 

10 

578.7 

17.43 

8.724 

2.18, 

40 

146.1 

66  40 

64.78 

8.816 

For  ordlnMtes  5  fH.i^pairt,  foi^  Chords  of  loo  ft,  soe  p  730. 

To  flnd  taneenilat  aad  delleetion  anirleA  for  any  giTen  imd  and 
chord.  Divide  hxiff  the  chord  by  the  rad.  The  qnot  will  be  nat  sine  of  the  tangl 
ttug.    Find  this  tangl  ang  in  the  table  of  nat  sines ;  and  mult  it  by  2  for  the  def  anjr. 

To  lliid  the  def  dlst  for  chords  100  fft  lOBff.  Piv  10000  by  the 
rad  in  feet. 

To  llnd  the  def  dlst  for  eqnal  chords  of  mnj  irliren  lenffth. 
Div  chord  by  rad.    Mult  quot  by  chord.    Or  div  nq  of  chord  by  rad. 

To  And  the  taiisl  dist  for  equal  rhordn  of  any  gplTen  leitfrth. 
First  find  the  tangl  ang  as  above.    Divide  it  by  2.    Find  in  the  table  of  nat  sines 


the  nat  sine  of  the  quot.    Mult  tbi9  nat  sine  by  the  given  chord. 


To  flnd  (he  rad  t4»  any  ffiveii  def  ans:.  for  equal  chords  of  any 
length.  Divide  the  def  ang  by  2.  Find  nat  sine  of  the  qndiiiMit.  Divide  half 
the  chord  by  thia  nat  sine. 


Molt  nood  liy  2. 

'lords  of  any 
Divide  half 


*  The  mfd«lle  ordinate  for  a  rad  of  600  ft  or  more,  (chord  100  fl,)  may  in 
pra«ti«e  be  Ukea  at  one-ftoarth  of  tbe  tang  dtot.  Krea  in  400  ft  rad  It  wUl  U  too  short  oulj  6  in  ta« 
third  decimal. 
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WtmdAi^  ^•f  of  Ciivvf»;   in  ve(ir^    CliaB4U  30  metres  «  2 

The  atakes,  %t  the  ends  of  the  IMekanietre  chords,  should  be  nmnberfHl  2, 4, 6,  Ac; 
meaning  2,  4,  6,  Ac.  deka-nutrfs.  The  tangenUal  angle  In  the  table  will  then  give 
the  auiutint  of  deflection  per  nnlt  (dekametre)  of  measurement. 


1 

1^ 

r 

% 

! 

1 

1. 

It 

143.36 

2.790 

1.396 

11 

at 

(y^'w 

•o    5' 

6876.60 

.058 

S^ 

.0^ 

«o    0' 

4°   0' 

UM» 

20 

10 

3437.76 

.116 

.058 

J0t5 

10 

6 

140.44 

2.848 

1.425 

.356 

ao 

16 

2291.84 

.175 

.087 

.022 

20 

10 

187.63 

2.906 

1.454 

.364 

40 

20 

1718.88 

.233 

.116 

.029 

80 

15 

134.94 

2.964 

1.483 

.371 

60 

26 

1376.11 

.291 

.145 

.016 

40 

20 

132.35 

3.022 

1.512 

.378 

|o    0' 

ao 

1146.93 

.340 

.176 

.044 

60 

25 

129.85 

3.080 

1.541 

.386 

10 

85 

082.23 

.407 

.204 

.0*1 

V>    0' 

80 

127.46 

3.138 

1.670 

.393 

20 

40 

869.46 

.466 

J238 

.018 

10 

85 

126.14 

3.196 

1.599 

.400 

ao 

46 

763  J>7 

.524 

.262 

.065 

20 

40 

122.91 

3.254 

1.629 

.407 

40 

60 

687.67 

.682 

.201 

80 

45 

120.76 

3.312 

1.658 

.416 

60 

56 

625.07 

.640 

.820 

40 

60 

118.68 

3.37a 

1.687 

.^2 

ao  y 

lo    0* 

672JW 

.698 

.349 

0|7 

60 

66 

116.68 

3.428 

1.716 

.429 

10 

6 

528.92 

.756 

^78 

!o95 

10°    V 

5°  V 

114.74 

3.486 

1.746 

.487 

20 

10 

491.14 

.814 

j407 

.102 

20 

10 

111.05 

3.602 

1.S08 

.461 

80 

15 

468.40 

.873 

.436 

.109 

40 

20 

107.58 

3.71» 

1.861 

.466 

40 

20 

429.76 

.931 

.466 

.116 

Ito    (K 

80 

104.38 

a8d4 

1.919 

.480 

60 

25 

404.48 

.989 

494 

.124 

20 

40 

101.28 

3.960 

1.977 

.4» 

so    O' 

30 

882.02 

1.047 

.624 

.111 

40 

60 

98.39 

40)65 

2.0S5 

.509 

10 

35 

361.91 

1.106 

.658 

lao   V 

6°   O' 

96.67 

4.181 

2.093 

.524 

20 

40 

348.82 

1.163 

^2 

.145 

20 

10 

98.09 

4.297 

2.15^ 

489 

ao 

45 

327.46 

1.222 

.611 

.1*3 

40 

20 

90.65 

4418 

2.210 

468 

40 

50 

312.58 

1.280 

.640 

•IIO 

18°    O' 

ao 

88.34 

4j528 

2.268 

468 

60 

55 

298.99 

1.838 

.669 

.117 

20 

40 

86.14 

4J644 

2.326 

482 

#0    (y 

ao     (K 

286.54 

1.396 

,698 

% 

40 

60 

84.06 

4.769 

2.384 

407 

10 

5 

275.08 

1.454 

.727 

140    (K 

•7°   O' 

82.06 

4JJ75 

2.442 

.612 

20 

10 

264.51 

1.612 

.766 

.189 

20 

10 

80.16 

4J990 

2.500 

.696 

80 

15 

254.71 

lJi70 

.785 

.196 

40 

20 

78.34 

5.106 

2.568 

.6U 

40 

20 

245.62 

1.629 

.814 

.294 

15°    O* 

80 

76.61 

5.221 

2.616 

.666 

50 

25 

287.16 

1.687 

.844 

.211 

20 

40 

74.96 

5.886 

2.674 

.670 

5°    0' 

30 

229.26 

1.746 

.873 

■% 

40 

60 

78.37 

5.452 

2.782 

.686 

10 

85 

221.87 

1.808 

.902 

16°    O' 

8°   0' 

71.85 

5.667 

2.790 

.689 

20 

40 

214.94 

1.861 

.931 

.283 

20 

10 

70.40 

6.682 

2.848 

.714 

80 

45 

208.43 

1.919 

.960 

.240 

40 

20 

69.005J97 

2.906 

.729 

40 

60 

202.30 

1.977 

.989 

.247 

ir>    0' 

80 

67.65 

5.912 

2.964 

.743 

50 

65 

196A3 

2.036 

1.018 

265 

20 

40 

66.36 

6.027 

3.022 

.768 

eo   O' 

«o    V 

1OT.07 

2.093 

1.047 

.262 

40 

60 

66.12 

6.142 

3X180 

.772 

10 

5 

185.91 

2.152 

1.076 

.200 

18°    0' 

•°    0' 

63.92 

6.^ 

3.188 

.787 

20 

10 

181.03 

2.210 

1.105 

IK 

20 

10 

6277 

6.W2 

3.196 

.802 

80 

15 

176.39 

2.268 

1.134 

40 

20 

61.66  6.487 

3.254 

416 

40 

20 

171.98 

2.826 

1.163 

.291 

lt°     O' 

80 

60.59 

6.608 

3.312 

.881 

60 

25 

167.T9 

2.884 

1.192 

.298 

20 

40 

59.55 

6.717 

3X0 

446 

r>  O' 

30 

163.80 

2.442 

1.222 

.306 

40 

60. 

58,56 

6JBI 

3.428 

460 

10 

35 

160.00 

2.500 

1.251 

.313 

aa°  0* 

10°  <r 

57.59 

6.M0 

476 

20 

40 

166.37 

2.658 

1.280 

.820 

%r'  (/ 

80 

54.87 

7.289 

419 

SO 

45 

162.90 

2.616 

1.809 

.327 

22°  0' 

11°   O' 

52.41 

7.632 

3.884 

.963 

40 

50 

149.58 

2.P74 

1.338 

.335 

as°  0' 

80 

60.16 

7.975 

m 

1.007 

60 

65 

146.40 

2.732 

1.8tf7 

.342 

24°    C 

12°    O' 

48.10 

8.316 

^:06l 

25°    O' 

30 

46.20 

8,658 

4.3^ 

1.096 

J «  Half  the  chord  ^  eoeecant  of  tangentid 

'       Sine  of  tangential  angle       "*'*  *•*  w^tM  ^  angle. 

Dlh^etto.  dlt  -  '^"'^^^i^"""'   -  Twic  the  choni  X  •'"  "li^f""" 

Tanarential  dU|t  =«  Twice  the  chord  X  sine  of  half  the  taugenthil  angle. 

Middle  ord  =  Radlnii  X  (1  —  cosine  of  tangential  angle)  »>  Half  the  chord  X 
tangent  of  half  the  tangential  angle. 

For  curves  of  60  metres,  or  greater,  radius,  the  ovdtnilte  a$  5  wmmlw%m  from 
vne  end  of  the  20-metre  chord,  or  nddway  between  the  end  of  the  chord  and  the  mid- 

»e  ordinate,  may  be  taken  at  three-fourths  of  the  middle  ordinate. 
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LsngtliB  of  Chord  in  ft,  required  to  tabtrnd  from  1  to  4  itations  of  100  ft  aaohi 


of 

ISta. 

2i3ta. 

SSta. 

4  8ta. 

^T 

ISta. 

2Sta. 

SSta. 

4Sta. 

Defl. 

Defl. 

1° 

100 

200.0 

300.0 

400.0 

Vi 

100 

199.7 

298.9 

397.6 

L^ 

100 

200.0 

300.0 

399.9 

&> 

100 

199.7 

298.8 

397.3 

VI 

100 

2000 

200JO 

399.9 

\A 

100 

199.7 

298.7 

397i) 

a^ 

100 

200.0 

300.0 

399.8 

Z% 

100 

199.7 

298.6 

39«.7 

20 

100 

200.0 

299.9 

399.7 

a^ 

100 

199.6 

298^ 

396.6 

100 

200.0 

299.9 

899.6 

70* 

100 

199.6 

298.4 

S96.2 

VZ 

100 

200.0 

209.8 

399.5 

\A 

100 

199.6 

•298.3 

806.0 

100 

200.0 

299.8 

390.4 

\l 

100 

199.6 

298.2 

305.7 

3° 

100 

200.0 

299.7 

399.3 

3? 

100 

199.6 

298.1 

895.4 

100 

200.0 

299.7 

399.2 

80 

100 

199.6 

298J0 

ao5.i 

100 

200.0 

299.6 

.  899.1 

1/ 

100 

199.6 

297.9 

304.8 

100 

20O.0 

299.6 

399.0 

12 

100 

199.5 

297.8 

894.5 

¥>  * 

100 

129.9 

299.6 

398.9 

yL 

100 

199.4 

297.7 

394.3 

100 

199.9 

299.5 

398.7 

90 

100 

199.4 

297.5 

394.1 

100 

199.9 

299.4 

398.6 

i 

100 

199.4 

297.4 

3937 

100 

199  9 

299.3 

398.3 

100 

199.8 

297.3 

3932 

60* 

100 

199.9 

299.2 

398.0 

100 

199.2 

297.2 

392.8 

^ 

100 

199  8 

29Ji.l 

397.8 

10°^ 

100 

199.2 

297.0 

392.4 

100 

199.8 

299.0 

307.6 

Elevation  of  outer  rail  in  curves  theoretically  is  equal  in  Ins  to  (square 
of  vel  in  it  per  sec  X  gauge  in  ins)  -i-  (Bad  of  curve  in  ft  X  32.2X  Experience 
has  shown  that  half  an  Inch  for  each  degree  of  def  angle  (100  ft  chords)  does  verj 
well  for  4  ft  8J$  ins  gauge  up  to  40  miles  per  hour.  At  60  miles  use  1  inch  per  deg. 
In  dangerous  places  this  may  be  increased  for  safety  against  hieh  winds.  Ap- 
proaching the  carve  raise  the  outer  rail  at  the  rate  of  1  iBch  in  about  60  or  80  ft 

When  the  ends  of  a  curve  are  tapered  off  by  transition  curves,  tlte  ri^ie  is  made 
upon  the  latter. 

Relation  of  radius  to  lenirth  of  wbeel-base.  (See  also  p.  731). 
Mr.  A.  M.  WeHingioa*^  found  by  experimeuts  with  models  that  a  rigid  truck 
passing  around  a  curve,  whether  alone  or 
coupled  with  another  truck,  assumes 
the  position  shown  in  this  Fig.,f  i.e.,  the 
fiattge  of  the  outer  frost  wheel  presses 
against  the  outer  rail,  and  the  reur  axle 
coincides  with  a  radius  to  the  curve. 
Then,  for  the  angle  A,  between  that 
radius  and  the  radius  K  which  passes 
through  the  center  of  the  front  axle : 
wheel-base  B 

sine  of  A  = 7^— ^z—  ; 

radius  R    ' 

and  the  space  d  between  the  flange  of  the  outer  hind  wheel  and  the  outer  rail  is, 
d  »  radius  R  X  versed  sine  of  angle  A,  very  nearly. 

For  a  given  wheel-base  B,  we  have,  approxunateiy, 

d  —  (d  for  a  I*'  curve)  X  degree  of  curvature ; 
aqd  the  inner  hind  wheel  will  touch  the  inner  rail  when  d  becomes  equal  to  the 
total  room  for  play  left  between  th$  wheel-flanges  and  the  rails,  t.  e.,  when 


,  ,  ^  total  play 

degree  of  curvature  =  ^^i ji-  ^ . 

<  d  for  a  1°  curve 


This  commonly  occurs  on  European  railways,  where  the  cars  have  rigid  wheel- 
bases  much  longer  than  our  pivoted  trucks,  and  where  d  for  a  given  radius  is 
therefore  much  greater  than  with  us.  Hence  the  inner  rails  on  curves  are  more 
generally  worn  there  than  here. 

For  a  wbeel-base  5  ft.  long, ''  d  for  a  1°  curve  "  is  0.0022  ft.  It  varies  (nearly)  as 
the  square  of  the  length  of  the  wheel-base,    d  is  independent  of  the  gauge. 

*  The  Economic  Theory  of  Railway  Location,  New  York,  John  Wiley  A  Sons,  1887. 

t  In  our  figure,  necessarily  much  exaggerated,  we  omit,  for  simplicity,  the  treads 
of  the  wheels,  alt  of  which  are  supposed  to  rest  on  the  ralU,  and  show  only  ■»  much 
of  their  flanges  as  extends  below  the  top  of  the  rail.    See  L  in  the  Fig.  on  p.  731. 
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For  SaUioad  GiurTM. 


<aiord  lOO  ft. 


Ordinates  for  angles  iiit'enxi«<tiftU  of  those  in  the  table  can  at  once  be  found  by 
simple  proportion. 


Ang.  or 

Mid. 
50  ft. 

45(1. 

40  fl. 

35  n. 

son. 

25ft.    i 

20  fl. 

15  ft. 

10  ft. 

6ft. 

o    • 

4 

j014 

.014 

.014 

.018 

.012 

.... 

.608 

.008 

.006 

.008 

8 

M» 

.020 

.028 

.096 

.024 

.022 

.018 

.015 

.010 

.005 

la 

.018 

.013 

.041 

.038 

.037 

.083 

.028 

.  jm 

.015 

.006 

16 

jm 

.068 

.056 

.052 

.049 

.044 

.037 

.030 

.020 

^11 

» 

j[n$ 

.072 

.670 

.066 

.061 

.055 

Ml 

.087 

.026 

.014 

n 

.08T 

.066 

.083 

.on 

.074 

.066 

.056 

.046 

.081 

.017 

28 

.102 

.101 

.096 

.092 

.086 

.077 

.065 

.062 

.666 

.019 

82 

.116 

.115 

.112 

.106 

.098 

.068 

.675 

.068 

.042 

,092 

88 

.131 

.130 

.126 

.119 

.110 

.099 

.064 

.066 

.047 

.024 

M 

.145 

.144 

.140 

.133 

.123 

.110 

.093 

.674 

.062 

.027 

44 

.160 

.158 

.158 

.146 

.135 

.121 

.103 

;eei 

.067 

.600 

48 

.174 

.172 

.167 

.158 

.147 

.182 

.112 

.088 

.062 

.0t3 

5S 

.180 

.187 

.181 

.171 

.159 

.143 

.122 

.005 

.068 

.035 

56 

.204 

.202 

.195 

.185 

.171 

.164 

.131 

.108 

.078 

.068 

1 

.218 

.216 

.909 

.196 

.183 

.164 

.140 

111 

.078 

.041 

4 

.283 

.231 

.223 

.211 

.196 

.175 

.150 

.118 

.083 

.043 

8 

.247 

.245 

.23T 

.224 

.206 

.186 

.150 

.125 

.088 

.016 

12 

.262 

.260 

.252 

.237 

.220 

.196 

.168 

483 

494 

.049 

16 

.276 

.274 

.985 

.251 

.232 

.207 

.177 

.140 

.000 

.059. 

« 

.281 

.288 

.m 

.264 

.244 

.218 

.181 

:!S 

na- 

.036 

M 

Jt06 

.803 

.293 

.277 

.256 

.229 

.197 

.051 

» 

.820 

.817 

.807 

.291 

.268 

.240 

.206 

.163 

.114 

.060 

82 

.334 

.331 

.321 

.904 

.981 

.251 

.215 

.171 

.120 

.068 

86 

.340 

.845 

.335 

.817 

.299 

.969 

.224 

.178 

.126 

.066 

40 

.364 

J60 

.349 

.880 

J)06 

.978 

.238 

.186 

.180 

.060 

44 

.878 

.374 

JJ63 

.843 

.818 

.284 

.242 

092 

.136 

.079 

48 

J»3 

.880 

:5n 

.856 

.330 

.295 

.261 

.200 

.141 

.076 

&9 

.407 

.408 

.301 

.870 

.849 

JS66 

.261 

.206 

.147 

jm 

56 

.422 

.418 

.405 

.383 

.854 

.316 

.270 

.215 

.162 

MO 

s 

.436 

.432 

.419 

.397 

.366 

.827 

.280 

.222 

.167 

.068 

4 

.451 

.446 

.488 

.409 

.87ft 

.888 

.980 

.280 

.169 

8 

.465 

.461 

.447 

.495 

.891 

.349 

.998 

.287 

J67 

J0» 

12 

.480 

.475 

.461 

.437 

,403 

.360 

.308 

.245 

.178 

.000 

16 

.495 

.490 

.476 

.460 

.415 

.371 

.311 

.252 

.178 

.080 

SO 

.509 

.504 

i480 

JM 

.428 

.882 

.326 

.260 

.183 

.006 

M 

.523 

.518 

.508 

.ilk 

.440 

.893 

.864 

.267 

.188 

.009 

28 

.538 

.588 

.617 

.489 

.452 

.404 

.846 

.276 

.194 

ao9 

82 

.562 

.647 

.531 

.503 

.465 

.415 

.365 

.282 

.190 

.104 

86 

.667 

.562 

.545 

.516 

.477 

.426 

.364 

.289 

.904 

.107 

40 

.582 

.576 

.559 

.529 

:S 

.486 

.378 

.297 

.208 

.110 

44 

.596 

.590 

.573 

.542   1 

.447 

J82 

.804 

.214 

.118 

48 

.611 

.606 

.587 

.555 

.618 

.466 

J»l 

.812 

.918 

.116 

52 

.625 

.619 

.601 

.669 

.526 

.460 

.401 

.319 

.225 

.118 

56 

.640 

.634 

.616- 

.689 

.538 

.480 

.410 

.326 

.230 

.191 

8 

.864 

.648 

.629 

.S86 

.550 

.491 

.419 

.834 

.236 

.194 

4 

.669 

.662 

.643 

.608 

.562 

.509 

.428 

.341 

.240 

.127 

8 

iISS 

.677 

.6» 

.621 

.674 

.612 

.438 

.840 

.246 

.180 

12 

.696 

.691 

.671 

.635 

.587 

.523 

.448 

.387 

.961 

.189 

16 

.713 

.706 

.686 

.649 

.590 

.634 

.467 

.864 

.957 

.185 

20 

.727 

.720 

.688 

.662 

.61V 

.546 

.466 

Jin 

.962 

.188 

84 

.742 

.784 

.718 

.676 

.628 

.666 

.476 

.378 

.967 

.141 

28 

.766 

.749 

.727 

J586 

.5?8 

.486 

.386 

.272 

.144 

82 

.771 

-763 

.741 

!to2 

.648 

.494 

.394 

.278 

.14« 

S6 

.786 

.777 

.755 

.715 

.660 

.580 

.508 

.401 

.988 

J40 

40 

.800 

.792 

.760 

.728 

.673 

.600 

.512 

.406 

.288 

.169 

44 

.814 

.806 

.788 

.   .741 

.686 

.611 

•621 

.415 

.298 

.166 

4& 

.829 

.821 

.797 

.754 

.697 

.621 

.531 

.423 

.298 

.158 

ti 

.843 

.885 

.811 

.768 

.709 

.682 

.541 

.431 

.804 

.MO 

.868 

.850 

.825 

.781 

.721 

.643 

.550 

.438 

.809 

.168 

4 

jn» 

.864 

T. 

.794 

.784 

.655 

.559 

.445 

.814 

.166 

10 

.909 

.900 

.827 

.764 

.682 

.582 

.464 

.827 

.178 

20 

.945 

.936 

.909 

.860 

.795 

.709 

.606 

.482 

.840. 

.179 

SO 

.981 

.972 

.»U 

.808 

.826 

.736 

.629 

.601 

:S64 

.186 

40 

1.017 

1.008 

J»79 

.826 

.856 

.794 

.669 

.519 

.367 

.IttS 

c 

JS^ 

1.044 

1.014 

.959 

.886 

.791 

.676 

.538 

.380 

.100 

1.091 

1.080 

1.048 

.999 

.917 

.81H 

.699 

.557 

.893 

.207 

1.127 

1.116 

1.088 

1.026 

.947 

.846 

.722 

.576 

.406 

.914 

20 
SO 

1.164 

1.152 

1.118 

1.068 

.978 

.872 

.746 

.594 

.419 

.990 

1.800 

1.188 

1.153 

1.002 

1.000 

.900 

.769 

.613 

.482 

.« 

Digitized  by  VjVJVJS 


TABLE  OF  OBDINATES. 


731 


YaKt^' of  Oircliiiat«ii  5  ft  apart'. -^(Continued.) 


DifiUnees  of  the  Ordinates  rh>m  the  end  of  the  100  feet  Chord. 

Ang,  of 
DetL 

Mid. 
50  ft. 

45  a. 

40  ft. 

85  ft. 

30  ft. 

25  ft. 

20  ft. 

15  ft. 

10  ft. 

6ft. 

o    • 
540 

1.296 

1.224 

1.188 

1.124 

1.089 

.927 

.792 

.631 

.446 

.235 

50 

1.273 

1.260 

1.223 

1.167 

1.070 

.954 

.816 

.649 

.468 

.341 

6 

1.309 

1.296 

1.2S8 

1.191 

1.100 

.982 

-  .839 

.668 

.472 

.248 

10 

1.346 

1.332 

.  1.293 

1.224 

1.130 

1.009 

.862 

.666 

.485 

.255 

ao 

1.382 

1.888 

1.328 

1.256 

1.161 

1.036 

.886 

.705 

.498 

.262 

90 

1.4|» 

1.404 

1.362 

1.290 

1.103 

1.064 

.909 

.724 

.511 

.309 

40 

1.455 

1-440 

1JJ97 

1..Y2S 

1.223 

1.091 

.932 

.742 

.524 

.376 

50 

1.491 

1.476 

1.432 

1.365 

1.253 

1.118 

.956 

.761 

.537 

:IS 

7 

1.528 

1.512 

1.467 

IJW9 

1,284 

1.146 

.979 

.779 

.561 

10 

1.664 

1.548 

1.502 

1.422 

1.314 

1.173 

1.0U2 

.798 

.564 

.207 

ao 

1.600 

1.584 

1.537 

1.464 

1.346 

1.300 

1.026 

.816 

.576 

Mi 

90 

1.6S7 

1.620 

1.572 

1.488 

1.375 

1.228 

1.048 

.835 

.590 

.811 

40 

1.6T8 

1.666 

1.607 

1.521 

1.405 

1.356 

1.071 

.854 

.603 

.818 

50 

1.710 

1.692 

1.641 

1.553 

I.4S6 

1.282 

1.095 

.872 

.616 

.334 

8 

1.746 

1.728 

1.677 

1.587 

1.467 

1.310 

1.118 

.891 

.629 

.333 

ao 

1.855 

1.886 

1.782 

1.687 

1.669 

1.392 

1.188 

.946 

.669 

.  .363 

0 

1.963 

1.944 

1.886 

■  1.787 

1.661 

1.474 

1.258 

1.002 

.708 

i.373 

90 

2.074 

2.052 

1.991 

1.887 

1.742 

1.656 

1.928 

1.067 

.748 

.804 

10 

2.183 

2.161 

2.096 

1.987 

1.834 

1.637 

1.398 

1.114 

.787 

.416 

80 

2.292 

2.260 

2.201 

3.087 

1.926 

1.719 

1.468 

1.170 

.827 

.498 

11 

2.401 

2.377 

2.906 

3.186 

2.018 

1.802 

1.688 

1.226 

.866 

.467 

90 

2.511 

2.486 

2.411 

3.386 

2.110 

1.884 

1.609 

1.288 

.906 

.478 

IS 

2.620 

2.594  . 

2.616 

2.386 

3.206 

1.967 

1.680 

1.338 

.946 

.400 

90 

2.730 

2.703 

2.621 

2.485 

2.295 

2.049 

1.750 

1.395 

.985 

.620 

19 

2.839 

2.811 

2.726 

2.685 

2.387 

2.132 

1.820 

1.451 

1.025 

.541 

90 

2.M9 

2.920 

2.832 

2.685 

2.479 

2.214 

1.891 

1.507 

1.065 

.562 

14 

8.058 

3.028 

2.937 

2.785 

1'^ 

2.297 

1.961 

1.564 

1.105 

.589 

90 

9.168 

8.136 

3.042 

2.884 

2.879 

2.031 

1.620 

1.144 

.604 

15 

8.277 

3.245 

8.147 

2.984 

2.756 

2:462 

2.102 

1.676 

1.184 

.625 

30 

9.387 

3.354 

3.252 

3.084 

2.848 

2.644 

2.172 

1.732 

1.224 

.646 

IS 

3.496 

8.462 

8.858 

8.184 

2.941 

3.627 

2.243 

1.788 

1.264 

.667 

17 

3.716 

3.680 

3569 

3.384 

3.126 

iSs 

2.384 

'iSl 

1.344 

.700 

18 

9.935 

8.897 

8.7T9 

3.584 

8.810 

2.525 

1.424 

.751 

10 

4.155 

4.115 

8.990 

3.784 

3.495 

8.123 

2.666 

2.127 

1.504 

.798 

20 

4.375 

4.3.12 

4.201 

8.984 

3.680 

8.288 

2.808 

2.240 

1.583 

.836 

S2 

i.8I5 

4.768 

4.624 

4.386 

4.050 

3.620 

3.093 

3.467 

1744 

.923 

34 

5.255 

5.204 

5.048 

4.789 

4.423 

3.952 

.  8.379 

2.696 

1.905 

1.008 

M 

5.697 

5.642 

5.479 

5.192 

4.798 

4.286 

8.665 

2.924 

2.068 

1.094 

28 

6.139 

6.079 

5.898 

5.695 

5.171 

4.622 

8.962 

8.154 

2.232 

1.181 

90 

6  582 

6.517 

tm 

5.999 

5.544 

4.958 

4.239 

3.885 

2.396 

1.268 

92 

7027 

6.957 

6.406 

5.922 

6.397 

4.530 

3JU9 

2.565 

1.856 

94 

7.472 

7.398 

7.179 

6.813 

6.800 

5.637 

4.822 

3.854 

2.733 

1.445 

96 

7.918 

7.841 

7.60O 

7.222 

6.679 

5.978 

5.116 

4.090 

2.901 

1.535 

98 

8.367 

8.286 

8.041 

7.683 

7.060 

6.820 

5.410 

4.82T 

3.069 

1.626 

40 

8.816 

8.731 

8.474 

8.044 

7.442 

6.663 

5.706 

4.565 

3.238 

1.718 

See  rules  for  ordinates,  p.  141  (a) ;  table  of  middle  ords.  for  bending  rails,  p.  761. 

Oaaire  on  earves.  (See  also  p.  729.)  Let  B  =»  radius  of  wheel  from  center 
to  tread,  F  —  depth  of  flange  of  wheel,  and  L  =  the 
length  of  that  portion  of  the  wheel-flange  which  ex- 
teiuis  below  the  top  of  the  rail,  «  2  V{^  +  tp  —  R*, 
aU  in  inches.  Thei»  if,  on  the  curve,  we  widen  the 
gauge  by.  a  quantity,  in  incheSf  == 

w    .  L,/eel  4-  lengUi  of  rigid  wheel-base,  ft. 

Q  =  l»,  WW.  X  gauge,  ft.  +  2  X  rad.  of  the  curve,  tt.  ' 
the  wheels  will  have  approximately  the  same  plav 
on  the  curve  as  on  the  tangent  For  a  rieid  wheel- 
base  14  ft.  long  and  drivers  4  ft.  diain.,  with  1}4  iucb 
flanges,  Q  is  about  0.02  inch  (=  one-fiftieth  of  an  iu.)  for  each  degree  of  curvature. 

Many  roads  use  the  same  gau^e  on  curves  as  on  tangents.  Others  widen  the 
gauge  on  curves  by  from  one  thirty -second  to  one-eighth  inch  for  each  degree  of 
curvature,  seldom,  however,  exceeding  1  inch  as  a  maximum.  In  Philadelphia 
the  Pennsylvania  Railroad  has  freight-car  sidings  of  60  feet  radius;  track  gauge 
(same  on  curves  as  on  tangents),  4  ft.  9  ins. ;  standard  wheel-gauge,  4  ft.  8^  ins. 

*  Except  for  very  sharp  curves  and  for  very  short  wheel-bases  with  large  wheels 
and  deep  flanges,  it  is  amply  approximate  to  say 

wheel-base  in  feet 
Q  in  inches  =  L  in  inches  X  ^„,  of  curve  iu  feef  , 
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I^BYEL  CUTTINGS 


To  prepare  a  Tnlile.  T,  of  I^erel  CutUm^^  for  every  A  of  a 
foot  of  taeiirtat,  or  depth.    For  Tables  of  Level  Cuttings,  sec  pp  738  to  740. 

For  cost  of  Enrthwork,  p  742,  &c. 

Let  the  flg  repreMot  the  enttf  eg ;  or.  tf  tBTertad, 

7^  the  fllUng ;  in  wbioh  the  borisootal  lines  are  rap- 

poMd  to  be  -A^  foot  epart.  First  oalonlate  tb« 
area  in  aqoare  feet,  of  the  layer  a  be;  aAjotnfng 
the  roadway  •  6.     Then  find  how  Baay  cable 


^^ 


s 


iarda  that  area  gives  in  a  dtatanoe  of  100  feec 
bese  oubic  yards  we  will  call  T ;  they  forw  tho 


first  amonnt  to  be  put  Into  the  Table  T.  • 
Next  oalenlate  the  area  in  square  ftet  of  the  triangle  a  no.    Multiply  this  area  by  4.    Pind  bow 
many  oabto  yards  this  increased  area  gives  in  a  distaMe  of  100  feet.    Or  they  wiU  be  fonnd  ready 
ealculaled  below.  We  will  eall  thesi  y.    This  is  all  the  preparation  that  is  needed  beTore 

cfHumeneiDg  the  table. 

Exailkr-Let  the  roadbed  a  ft  be  18  feet,  and  the  side-slopes  1  Wto  1.  Then  for  the  area  of  a  &  c  • : 
ninoe  the  side-slopes  are  1^  to  1 ;  and  •  ( is  .1  foot;  c  o mnit  be  18.9  feet r  And  the  mean  length  of 
aheo  most  be  18.16  feet.    Consequently,  the  area  is  18.1ft  X  -1=  1.81ft  square  feet;  whieh,  in  a 

181.6 
distanee  of  100  feet,  gives  181.6  oobie  feet ;  which  is  equal  to  --j-  =C.7S2S  oebio  yards ;  er  T. 

Vest,  as  to  tlie  triangle  a« o:  lu  height  a  n  being  .1  foot,  and  its  base  «o  .Ift  feet;  Its  area 
.1  X  .IS      .015 
=  —^ —  =  — —007ft  square  fL  This  mulUpUed  by  i, fives  .08  square  feet ;  which. in  a diataaee of 

100  feet,  gives  .OS  X  100  =  S onbio  fast;  which  is  equal  to  ~-  =  .1111  enbie yard;  or  y. 

Having  thas  found  T  and  y,  proceed  to  mahe  ont  the  table  in  the  manner  following,  wliieh  Is  ee 
plain  as  to  require  no  explanation.  The  work  should  be  tested  ahont  every  ft  feet,  by  ealenlating  tke 
area  of  the  fell  depth  arrived  at ;  mulUply  it  by  100,  and  divide  the  product  by  27  for  the  enble  yaids 
The  cubic  yards  thus  found  should  agree  with  the  table. 


Y... 

....  6.7222  . 

y- 

.  ..    .1111 

6.S333 

y.. 

IIU 

6.9444 

jf... 

nil 

7.0665 

jf... 

1111 

7.1666 

Jf... 

nil 

,  Y.  6.7-22    .1 


7.2777 


Tabli  T. 


Height. 
Feet. 


.1  

.2 

.8 

.4 

.6 

.6... 


Cub.  Yds. 


Ste. 


6.72  Y. 
13.6 
20^ 
27.6 
84.7 
42.0 


The  following  table  contains  y,  ready  calculated  for  different  side-slopes.  It  plainly 
remains  the  same  for  all  widths  of  roadbed. 


gide-slope. 

y 

W 

14  to  1  - 

k  to  1  

9*  to  1' 

rt        ....    0186 

la^tol 

........  .1296 

0870 

2     to  1 

a^  tt>  1 

1482 

.0566 

.0741 

10(J7 

1       to  1  '. 

2>2  to  I 

8     tol 

4     tol« 

1862 

11^  to  1  

0926 

.1111 

2tt2 

l%<  to  1     

296S 

y  Google 
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moodway  U  feet  wide,  side^lottes  1>^  to  1. 
For  iiBgle*traiQk  embankment. 


Ji-'Jt' 

.0 

.1 

2 

.8 

.4 

.5 

.6 

.7 

A 

.9 

Ca.Td«. 

Om.Yd». 

<»i.Tds. 

0(i.Yd». 

Oa.Tds. 

Ou.Td.. 

Ou.Tds. 

C«.Yd.. 

Ou.T<U. 

Ctt.Td.. 

0 

6.24 

10.6 

16.1 

2liJ 

27.3 

33.1 

390 

45.0 

51.2 

1 

57.4 

63.8 

70.2 

76.8 

83^ 

90.3 

97.2 

104.2 

111.3 

118.6 

*2 

1259 

133.4 

141.0 

148.6 

156.4 

164.4 

1724 

180.5 

188.7 

197  Jl 

8 

.205.6 

214.1 

222.8 

2:n.6 

240.5 

249.5 

258.7 

267.9 

277.3 

286.7 

4 

296^ 

806.0 

315.8 

325.7 

335.7 

845J8 

856.1 

866.4 

876.9 

387.6 

5 

398.1 

408.9 

419.9 

430.9 

442.0 

453.2 

464.6 

476.1 

487.6 

4993 

€ 

511.1 

623.0 

5:J5.0 

547.2 

559.4 

571.8 

584.2 

606.8 

609.5 

622.8 

T 

6352 

648.2 

661.3 

674.6 

687.9 

70  U 

714.9 

728.6 

742.4 

786.8 

8 

770.3 

784.5 

798.7 

813.1 

827.5 

842.1 

856.8 

871.6 

886.5 

901.5 

9 

916.7 

9:J1.9 

947.3 

.96*2.7 

978.3 

904.0 

1010 

1026 

1042 

1058 

10 

1074 

1090 

1107 

1123 

1140 

1157 

1174 

1191 

1206 

1225 

11 

1248 

1260 

1278 

1295 

1813 

1381 

1849 

1367 

1385 

1404 

12 

1422 

1441 

1459 

1478 

1497 

1516 

1535 

1664 

1574 

1598 

13 

1613 

1633 

1652 

1672 

1692 

1712 

1738 

1753 

1778 

1794 

14 

1815 

1835 

1856 

1877 

1898 

1920 

1941 

1962 

1984 

8006 

15 

2028 

2050 

2072 

2094 

2116 

2138 

aei 

2183 

*^ 

2229 

16 

2252 

2275 

2298 

2321 

2344 

2368 

2391 

2415 

24^ 

2468 

17 

2487 

2511 

2535 

2.569 

2584 

2008 

2633 

2658 

2683 

2708 

18 

2733 

2759 

2^84 

2809 

2835 

2861 

2886 

2912 

2938 

8964 

19 

2991 

8017 

3044 

3070 

8097 

8124 

3161 

8178 

8205 

8832 

20 

3i59 

8287 

3314 

3342 

3870 

8898 

8426 

3464 

8482 

3510 

21 

3539 

8567 

35;)6 

8625 

3664 

3663 

3712 

8741 

3771 

8800 

» 

3830 

8869 

3889 

3919 

3949 

8079 

4009 

4040 

4070 

4101 

2A 

4132 

416i 

4193 

4-224 

4255 

4287 

4818 

4849 

4381 

4413 

2i 

iU4 

4476 

4568 

4541 

4573 

4605 

4638 

4670 

4703 

4736 

2ft 

4769 

4802 

4835 

4868 

4901 

4085 

4968 

5002 

5036 

6070 

26 

5104 

5138 

5172 

6296 

5241 

5-275 

6310 

5346 

5380 

6415 

27 

5450 

5486 

5521 

5556 

5692 

5627 

5663 

5699 

5736 

6771 

2K 

6807 

5844 

5880 

5917 

5953 

5990 

6027 

6064 

6101 

6139 

20 

6176 

6218 

6251 

6289 

6326 

6364 

6402 

6410 

6479 

6517 

96 

6566 

6504 

6633 

6672 

6711 

6760 

6789 

6828 

6867 

6907 

31 

6046 

6986 

7026 

7066 

7106 

n46 

7186 

7228 

7267 

7807 

82 

7848 

7880 

7430 

7471 

7512 

7553 

7505 

7636 

7678 

7719 

88 

nan 

7608 

7845 

78S7 

7929 

7972 

8014 

8067 

8009 

8142 

8i 

8185 

8228 

8271 

8315 

8358 

8401 

8445 

8489 

8582 

8676 

S& 

8620 

8664 

8709 

8758 

8798 

8842 

8887 

8932 

8976 

9022 

86 

9067 

9112 

9157 

9208 

9248 

0294 

9340 

9386 

9482 

9478 

87 

9524 

9670 

9617 

9668 

9710 

9767 

9804 

9851 

9698 

9946 

8S 

9998 

10040 

10088 

101.15 

10188. 

10231 

lOafTO 

10327 

10875 

10424 

8» 

10472 

10521 

10569 

10618 

10667 

10716 

10765 

10816 

10864 

10018 

40 

10963 

11013 

11062 

11U2 

11162 

11212 

11283 

H818 

11364 

11414 

41 

U465 

11516 

11567 

11618 

11669 

11720 

inn 

11888 

11874 

11926 

42 

11978 

12029 

12081 

12184 

1-2186 

12238 

12291 

12343 

12306 

1-2449 

43 

12502 

12555 

12608 

126» 

12715 

12768 

12822 

12875 

12939 

12983 

44 

13037 

18091 

13146 

18*200 

18264 

13309 

13868 

18418 

18473 

18528 

45 

18588 

18639 

13694 

13740 

18805 

13861 

18016 

1S972 

14028 

14064 

46 

14141 

14197 

14254 

14310 

14307 

14424 

14480 

145S7 

14595 

14652 

47 

14709 

14767 

148tt 

14882 

14940 

14908 

15056 

15114 

15178 

15830 

48 

16280 

15847 

15406 

15466 

15624 

15.588 

15642 

16701 

15761 

158-2( 

49 

15880 

16080 

15990 

16060 

lOUO 

16179 

16239 

16300 

16360 

16421 

66 

16481 

16542 

16603 

16664 

16725 

16787 

16848 

16909 

16971 

17033 

61 

17094 

17156 

17218 

17-280 

17343 

17405 

17467 

17580 

17593 

17656 

52 

17719 

17782 

17845 

17908 

17971 

18035 

18098 

18162 

18226 

1829G 

58 

18864 

18418 

18482 

18546 

18611 

18675 

18740 

18806 

18870 

18035 

54 

19000 

19065 

19131 

19196 

19262 

19327 

19308 

19469 

19625 

10591 

56 

19657 

19724 

19790 

19867 

19923 

19990 

20067 

20124 

20191 

20259 

56 

20326 

20893 

20461 

20529 

20596 

20664 

20782 

20600 

20869 

20937 

57 

21005 

21074 

21143 

21212 

21280 

21849 

21419 

21488 

21557 

21627 

68 

21696 

21766 

21836 

21906 

21976 

22046 

28116 

22186 

88267 

23327 

59 

92398 

22409 

22540 

2-2611 

22082 

28758 

22825 

89B96 

88968 

83039 

60 

23111 

23183 

23255 

23827 

23399 

33472 

28544 

88617 

88689 

28762 

^  From  tbe  AiiUior'* '"  MMMwrMMOi  mkI  Ov* ot  mtXiMwwk,'*  y  kjkj^^  i 
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BoMiway  M  fset  wide,  iide^lopu  1^  ^  1- 
For  ^oMt-tntk  tmhtmkmmt 


!L-«'! 

.0 

.1 

Jl 

-8 

^ 

^ 

^ 

.7 

.8 

.9 

0«.T4*. 

Ca.T4a. 

0«.T««. 

OiuTda. 

C«-Y4«.|c«-Y*i-| 

Ga.T4s. 

C>.Td«. 

Ca.Tds. 

Ca.T<U. 

0 

8.94 

18.0 

27.2 

36.4 

45.8 

55.8 

64.9 

74.7 

84.5 

1 

04.4 

104.5 

114.7 

124^ 

135.8 

145it 

156.4 

167.2 

178.0 

188J> 

2 

200.0 

211.2 

222.4 

233.8 

245.3 

256.9 

268.6 

280.5 

292.4 

304.4 

3 

316.6 

828.9 

34L2 

863.7 

866.3 

879X) 

391.9 

404.8 

417.8 

431X) 

4 

444.4 

4578 

47  LS 

484.9 

498.6 

512.4 

526.4 

540.4 

664.6 

6688 

5 

663.8 

507.8 

612.4 

627J 

642.0 

656.9 

671.9 

687.1 

702.3 

717.7 

6 

783-3 

748.9 

764J 

780.5 

796.4 

81*2.5 

828.7 

844.9 

StilJi 

877.8 

7 

804^ 

911.2 

928.0 

944.9 

962.0 

979.2 

996.4 

1014 

1081 

1049 

8 

1067 

1085 

1102 

1121 

1130 

1157 

1175 

1194 

1212 

1231 

9 

1260 

Vim 

1988 

1307 

1326 

1346 

1365 

1386 

1405 

14*25 

10 

1444 

1465 

1486 

1505 

1525 

1&46 

1566 

1587 

1606 

1629 

11 

16W 

1671 

1602 

1714 

1785 

1757 

1779 

1800 

1622 

1846 

12 

ism 

1889 

1011 

1964 

1056 

1979 

2002 

2025 

2048 

8071 

18 

2004 

2118 

2141 

2165 

2189 

2213 

2286 

8261 

8286 

2309 

U 

2833 

2868 

2382 

2107 

2482 

2457 

2482 

2507 

2532 

2568 

15 

2683 

2K00 

2835 

2861 

2086 

2713 

2780 

2766 

«W 

2818 

16 

^844 

2871 

2898 

2B25 

2962 

2979 

3006 

3034 

aom 

8089 

17 

8117 

8145 

8172 

S2U1 

8229 

3267 

3285 

88U 

8342 

33n 

18 

8400 

8429 

3458 

8487 

8616 

8646 

8675 

8606 

8686 

8606 

10 

8f«4 

8726 

3755 

8785 

8815 

3846 

8876 

8907 

8088 

8909 

20 

4000 

4031 

4062 

4094 

4125 

4157 

4189 

4221 

4262 

4286 

21 

4317 

4340 

4381 

4414 

4446 

4479 

4M2 

4545 

4578 

4611 

28 

4644 

4678 

4711 

4746 

4779 

4813 

4846 

4881 

4015 

4849 

28 

«83 

5018 

5052 

8067 

6122 

5167 

5192 

5227 

5208 

6896 

24 

6833 

6360 

5405 

6441 

6476 

5613 

6649 

5585 

66B1 

6668 

26 

6604 

6781 

6768 

5805 

5842 

6879 

5916 

5954 

6091 

6029 

26 

0087 

6106 

6142 

6181 

6219 

6267 

6295 

6384 

6872 

6411 

27 

6450 

6489 

6628 

6667 

6606 

6646 

6f85 

0725 

6765 

6806 

28 

6844 

6886 

6025 

6965 

7005 

7046 

7086 

7127 

7168 

7209 

20 

7280 

7291 

7382 

7374 

7415 

7467 

7499 

7541 

7582 

7625 

80 

7667 

7700 

7751 

7794 

7886 

7879 

7922 

7966 

8006 

8061 

81 

8094 

8138 

8181 

^225 

8269 

8813 

8866 

8401 

8446 

8489 

82 

8583 

8578 

8622 

8667 

8712 

8757 

8802 

8847 

8802 

8938 

88 

8088 

9029 

9075 

9121 

9166 

9212 

9259 

9905 

9351 

9398 

84 

9444 

9401 

9688 

9665 

9682 

9679 

9726/ 

•774 

9621 

9809 

86 

9917 

9966 

10012 

10061 

10109 

10157 

10205 

10254 

10302 

10361 

86 

10400 

10440 

10498 

10547 

11)696 

10646 

10695 

10746 

10796 

10845 

87 

10804 

1J0945 

10995 

11045 

11095 

11146 

11196 

11247 

11206 

11349 

88 

U400 

n45l 

11602 

11554 

11606 

11667 

11709 

11761 

11612 

11866 

80 

U017 

11960 

19)21 

120T4 

12126 

12179 

12232 

12285 

12838 

18391 

40 

12444 

12488 

12561 

12605 

12650 

12718 

12766 

12821 

18875 

19929 

41 

12083 

13088 

13092 

13147 

18202 

18257 

18312 

18867 

134e2 

13478 

42 

I86:t3 

13589 

13645 

13701 

18766 

13818 

13860 

13925 

18081 

14088 

48 

14004 

14151 

14208 

14205 

14322 

14S79 

14486 

14494 

14551 

14609 

44 

14667 

14725 

14782 

14840 

14890 

14957 

16016 

16074 

15132 

15191 

46 

15250 

15300 

15868 

15427 

15480 

15546 

15606 

15666 

15725 

15785 

46 

15844 

16006 

15965 

16025 

16066 

16146 

16206 

16267 

16328 

16189 

47 

16450 

16511 

16572 

16634 

16606 

16757 

16819 

16881 

16942 

17606 

48 

17067 

ni29 

17191 

1725) 

17316 

17379 

17442 

17605 

17668 

17631 

40 

17604 

17758 

17821 

17885 

17949 

18013 

18076 

18141 

18*205 

18809 

60 

18833 

18896 

18462 

18527 

18592 

18657 

18722 

18787 

16868 

18918 

61 

18983 

19049 

19115 

19181 

19246 

19313 

19379 

19445 

10511 

19678 

62 

10644 

19711 

19778 

19845 

19912 

19979 

20046 

20114 

20181 

•20349 

68 

90817 

20386 

20462 

20521 

20689 

20657 

20725 

20794 

20862 

20931 

64 

«1000 

21060 

21138 

21207 

21-276 

21346 

21415 

21485 

21565 

21625 

66 

21694 

21765 

21886 

21906 

21975 

22046 

22116 

22187 

22258 

22329 

66 

22400 

22471 

22642 

22614 

22685 

22767 

22829 

22901 

82972 

23046 

67 

28117 

■23189 

•28261 

28334 

23406 

23479 

23552 

23626 

88606 

23771 

^8 

23844 

28918 

28001 

24065 

24139 

24213 

24286 

24361 

84435 

24609 

60 

24688 

24668 

24782 

24807 

24882 

24957 

26082 

25107 

86188 

•2B268 

60 

25883 

26409 

26485 

•25661 

26686 

25713 

25789 

25865 

85941 

20018 

For  •wUlquirtlo.  to  100  f-U  mif-,^m%^^K 


RAILROADS. 
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Boadway  18  feet  wide,  side-elopee  1  to  L 
For  ■iigle«traok  exotmrtiaii-. 


Krvi 

.0 

.1 

.2 

.8 

A 

M 

.6 

.7 

.8 

.9 

Oa.Tds. 

Ott.Yd«. 

CB.Tita. 

Oa^Tds. 

Oa-Ttta. 

Oa.Tita. 

Oa.Tdk 

CikYda. 

Oa.T4U. 

Ott.y«u. 

0 

6.70 

13.5 

203 

27^ 

84.3 

41.3 

48.5 

55.7 

63.0 

1 

70.4 

77.8 

85.3 

929 

100.6 

108.3 

116.1 

124.0 

182.0 

140.0 

2 

148.1 

156.3 

164.6 

172.9 

181.3 

189.8 

196.4 

207.0 

215.7 

224.5 

8 

233.3 

242.3 

251.3 

260.3 

269.5 

278.7 

288.0 

297.4 

806.8 

316.3 

4 

325.9 

3:J5.6 

845.3 

385.1 

2I;S 

376.0 

385.0 

895.1 

405.8 

416.6 

6 

425.9 

436.3 

446.8 

467.4 

478.7 

489.5 

6003 

611.3 

522.3 

« 

533.3 

644.5 

666.7 

667.0 

678.4 

689.8 

001.3 

612.9 

ttM.6 

636.3 

7 

048.1 

660.0 

672.0 

684.0 

606.1 

.706.3 

720.6 

782.9 

745.3 

757.8 

8 

770.4 

788.0 

795.7 

806.5 

821.3 

834.3 

847.3 

860.3 

873.5 

886.7 

9 

900.0 

•13.4 

926.8 

ftW3 

953.9 

06716 

08L3 

995.1 

1009 

1023 

10 

1037 

1051 

1065 

1080 

1094 

1108 

1123 

1187 

1152 

1167 

.11 

1181 

1196 

12U 

1226 

1241 

1266 

1272 

1287 

1302 

1318 

•l2 

1333 

1849 

1365 

1380 

1396 

U18 

1428 

1444 

1460 

1476 

18 

1493 

1509 

1526 

1542 

1658 

1676 

1592 

1608 

1625 

1642 

14 

1669 

1676 

1693 

ini 

1728 

1746 

1768 

1780 

1798 

1816 

16 

1833 

1851 

1869 

1887 

1906 

1928 

1941 

1960 

1978 

1996 

16 

2015 

2088 

2062 

2071 

2060 

2108 

2127 

2146 

2166 

2184 

17 

2204 

2228 

2242 

2362 

2281 

9801 

2«a 

2340 

2360 

2380 

18 

2400 

2420 

2440 

2460 

2481 

2601 

2621 

2542 

2562 

2588 

W 

2604 

2624 

2646 

2666 

2687 

2708 

9729 

2761 

2772 

2708 

90 

2815 

2836 

2868 

2880 

2901 

2928 

2946 

2967 

29S9 

SOU 

31 

3018 

3066 

8078 

3100 

8128 

3146 

8168 

3191 

3213 

3286 

S2 

3259 

3382 

8805 

3328 

8362 

8876 

8398 

8422 

3446 

3460 

S3 

3493 

3516 

8640 

8564 

8588 

8912 

3636 

8660 

3686 

3700 

24 

3733 

3768 

8782 

8807 

3882 

3856 

386t 

8906 

8931 

3956 

25 

3981 

4007 

4032 

4057 

4088 

4108 

4184 

4100 

4186 

4211 

20 

4237 

4263 

4289 

4816 

4341 

4868 

4894 

4430 

4447 

4438 

«r 

4500 

4W7 

4563 

4580 

4807 

4684 

4001 

4688 

4716 

4748 

28 

4770 

4798 

4825 

4868 

4881 

4908 

«86 

4964 

4992 

5080 

20 

5048 

5076 

6105 

6183 

5161 

6100 

6218 

6247 

5276 

5304 

80 

5833 

5362 

6891 

5420 

5449 

6470 

6506 

5637 

5567 

6506 

81 

5626 

5666 

6686 

6716 

8745 

6775 

6806 

5836 

5866 

5S96 

82 

5026 

5956 

6967 

6017 

6018 

0079 

6109 

6140 

6171 

6202 

88 

0233 

6204 

6296 

6827 

6858 

6390 

6421 

6463 

6486 

6516 

84 

6548 

6680 

6612 

6644 

6676 

6708 

6741 

6773 

6S06 

6888 

85 

6870 

6906 

6936 

6968 

7001 

7034 

7067 

7100 

7183 

7167 

80 

7200 

7233 

7267 

7300 

7834 

7868 

7401 

7436 

7460 

7608 

87 

7537 

mi 

7606 

7640 

7674 

no8 

7748 

7777 

7812 

7847 

88 

7881 

7916 

7961 

7986 

8021 

8060 

8092 

8127 

8162 

8198 

80 

8238 

K960 

8305 

8340 

8376 

8412 

8448 

8484 

8520 

8566 

40 

8593 

8699 

0665 

8702 

8738 

8776 

8812 

8848 

8886 

8922 

41 

8959 

8996 

9033 

9071 

9108 

9146 

9183 

9220 

9258 

9296 

42 

9338 

9Bn 

0409 

9M7 

•485 

9523 

9661 

0600 

9638 

9676 

48 

9716 

9763 

9792 

9881 

•860 

•908 

9947 

9986 

10025 

10064 

44 

10104 

10148 

mm 

10988 

10261 

10801 

lOOU 

10880 

10420 

10460 
108M 

45 

10600 

10540 

10600 

10681 

10701 

16741 

10782 

10829 

40 

10904 

10944 

10986 

11096 

11067 

11108 

11149 

11101 

11282 

11278 

47 

11816 

11866 

11398 

11440 

11481 

11688 

11666 

11607 

11040 

11601 

48 

11738 

11778 

11818 

11800 

11808 

11946 

11988 

12081 

12078 

12116 

40 

I2t9» 

12S02 

18246 

18888 

12882 

12376 

12418 

12462 

12506 

12648 

^60 

12608 

12686 

12880 

14884 

12788 

19812 

12866 

12890 

12945 

12968 

61 

13088 

13W8 

181S2 

1816T 

18119 

18966 

13301 

13846 

13801 

13486 

6-1 

13481 

13637 

18672 

18617 

18688 

18708 

13764 

13n)0 

13846 

13801 

tA 

13087 

13983 

14099 

14076 

14121 

14168 

14214 

14260 

14»7 

14363 

64 

14100 

14447 

14«3 

14640 

14687 

14084 

14681 

14738 

14776 

14888 

66 

1^70 

ims 

14965 

16018 

11661 

16108 

16166 

15204 

16262 

15860 

66 

19818 

16896 

15446 

16498 

16641 

16890 

16688 

15687 

15786 

167«4 

67 

19683 

15682 

15081 

15980 

16029 

16670 

10198 

17177 

16227 

16976 

68 

10326 

16876 

164*26 

16476 

16695. 

18975 

16886 

16675 

16725 

}5I!S 

69 

16B26 

16878 

16897 

i6evr 

17888 

IfOTO 

moo 

17180 

17981 

I728f 

00 

17888 

17B84 

17486 

ivi8r 

inn 

11M0 

17841 

17608  J 

177tt 

177f 

rM(,eM«laaatiiato4M«*i4aipk<«M-T«klt)|ttized  by  Vriw^v  r 
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For  ftm^t'tnt^  flxoffralioiB. 
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RAILHOAB&. 


7S7 


T«Me  5*     B«Tel  Cntttetfs. 

Baadway  28  feet  wide,  aide-rio{ie8 1  to  1. 
Far  donlde-traok  MaaTa(tiaii. 


Depth 

\nift. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

J9 

Ca.Tds. 

Cu.Yd«. 

Ca.Yflfc 

Ou.Yd«. 

Cu.Yd«. 

OB.Td«. 

Ca.Tfla. 

OB.Yd«. 

Cu.Y(l». 

Cu.YdB. 

0 

10.4 

20.9 

314 

42.1 

62.8 

63.6 

744 

85.3 

96.3 

1 

1074 

118.6 

129.8 

141.1 

152.4 

163.9 

1754 

187.0 

198.7 

210.4 

2 

222.2 

234.1 

246J 

256.1 

2702 

282.4 

294.7 

307.0 

3194 

331.9 

3 

3444 

367.1 

369.8 

382.6 

395.4 

40&3 

421.3 

4344 

447.6 

460.8 

4  . 

474.1 

487.4 

500.9 

5144 

62&0 

541.7 

6564 

660.2 

683.1 

597.1 

6 

01 M 

625^ 

6394 

663.7 

668.0 

682.4 

696i9 

7114 

726.1 

740.8 

€ 

755.6 

7704 

7854 

8004 

815.5 

830.6 

845.8 

861.1 

876.6 

891.9 

7 

907.5 

033.0 

938J 

964.6 

970.3 

986.2 

1002 

1018 

1084 

1050 

B 

1007 

1083 

1099 

1110 

1132 

1149 

1100 

1182 

1199 

1216 

0 

1233 

1250 

1267 

1286 

1302 

1319 

1337 

1354 

1372 

1390 

10 

1407 

1426 

1443 

1401 

1479 

1497 

1515 

1534 

1552 

1670 

11 

1589 

1607 

1626 

1645 

1664 

1682 

1701 

1720 

1739 

1750 

12 

1778 

1797 

1816 

1836 

1866 

1876 

1895 

1914 

1984 

1954 

18 

1974 

1904 

2014 

2034 

2066 

2076 

2005 

2116 

2136 

2157 

14 

2178 

2199 

•2219 

2J40 

2261 

2282 

2304 

2325 

2346 

2367 

15 

2389 

2410 

2432 

2464 

2476 

2497 

2519 

2541 

2568 

2586 

Id 

2007 

2090 

2052 

2674 

2697 

2n9 

2742 

2766 

2T88 

2810 

17 

2833 

2856 

2879 

2903 

2926 

2949 

2972 

2996 

3019 

30ia 

18 

3067 

3090 

3114 

3138 

3162 

3186 

3210 

3-234 

3259 

3283 

19 

3307 

3382 

3356 

3381 

3406 

3431 

3455 

3480 

3506 

3530 

90 

3356 

3681 

3606 

3631 

3657 

3682 

3708 

3734 

3759 

8786 

21 

3811 

3837 

3808 

3889 

3915 

3942 

3968 

3994 

4021 

4047 

22 

4074 

4101 

41» 

4154 

4181 

4208 

4235 

4208 

4290 

4317 

23 

4344 

4372 

4300 

4427 

4466 

4482 

4610 

4688 

4566 

4594 

24 

4022 

4660 

4679 

4707 

4785 

4764 

4702 

4821 

4850 

4878 

2& 

4907 

4986 

4966 

4994 

5024 

6053 

5082 

6111 

5141 

5178 

26 

5200 

5JS0 

5259 

5288 

5319 

5310 

5179 

b4X» 

5439 

5470 

• 

37 

5300 

5530 

5561 

6591 

5622 

5663 

5684 

6714 

5746 

5778 

28 

5807 

5839 

5870 

5901- 

5982 

5904 

5996 

6027 

6059 

609Q 

20 

6122 

6164 

6186 

6218 

6260 

6282 

6815 

6347 

6879 

6112 

30 

6444 

6477 

6510 

6543 

6576 

6d08 

6641 

6674 

6708 

674t 

31 

0774 

6807 

6941 

6874. 

6908 

69«& 

6876 

7009 

7043 

7077 

82 

7m 

7145 

7179 

7214 

7248 

7282 

7817 

7861 

7380 

7421 

33 

7456 

7490 

7526 

7660 

7596 

7681 

7666 

7701 

7736 

7772 

34 

7807 

7843 

7879 

7914 

7950 

7986 

8022 

8058 

8004 

8180 

36 

8107 

8203 

8239 

8276 

8312 

6349 

8886 

8428 

8469 

8496 

30 

8538 

8570 

8608 

8646 

8«2 

8719 

8767 

8794 

8888 

8870 

87 

^^ 

8915 

8983 

9021 

9039 

9097 

9136 

9174 

9212 

9250 

38 

9-i89 

9327 

9306 

9406 

9444 

9^2 

9621 

9060 

9609 

9689 

39 

9078 

9717 

9756 

9796 

9836 

9876 

9916 

9954 

9994 

10084 

40 

10074 

lOlU 

10164 

10194 

10236 

10276 

10315 

10356 

10390 

1048T 

41 

10178 

10519 

10559 

10600 

10641 

10082 

10724 

10766 

10806 

10847 

42 

10889 

10930 

10972 

11014 

11055 

11097 

11139 

11181 

11223 

11266 

43 

11307 

11350 

11392 

11434 

11477 

11619 

11662 

11006 

11648 

11690 

44 

11733 

11776 

118n> 

11863 

11906 

11949 

11992 

12036 

12079 

12183 

45 

12107 

12210 

12254 

12298 

12842 

12886 

12430 

12474 

12519 

1256S 

40 

1-2007 

12652 

12096 

12741 

12786 

12831 

12876 

12920 

12965 

13039 

47 

ISOM 

13101 

13146 

13191 

13237 

13282 

13328 

13874 

13419 

13466 

48 

13^1 

13587 

13608 

13649 

13605 

13742 

13788 

13884 

13881 

13927 

40 

13974 

14021 

14068 

14114 

14161 

14208 

14265 

14808 

14850 

14397 

60 

14444 

14492 

14539 

14567 

14636 

14682 

14780 

14778 

14826 

14874 

51 

14922 

14970 

15019 

15067 

15116 

15164 

15212 

15201 

16810 

15359 

52 

15407 

15456 

15506 

15554 

15604 

15653 

15702 

15751 

15801 

15860 

53 

15900 

15950 

15999 

16049 

16099 

16149 

16199 

162« 

16209 

16300 

54 

16100 

16450 

16501 

16551 

16002 

16658 

16704 

16764 

16805 

16856 

55 

16097 

16959 

17010 

17001 

17112 

17164 

17215 

17287 

17819 

17370 

50 

17422 

17474 

17526 

17578 

17630 

17682 

17K» 

17787 

17889 

17808 

57 

17944 

17997 

18050 

18103 

18165 

18208 

18901 

18314 

18308 

18421 

58 

18474 

18527 

18581 

18634 

18088 

18742 

18796 

18849 

18MS 

18967 

M 

19ttl 

19006  19119 

19174 

19228 

19268 

19887 

19891 

19446 

19601 

00 

19M6 

19610  19006  110720 

19776 

19881 

19886 

19941 

19996 

20008 

For  eedttnoatioii  to  WO  feet,  lee  Tabtte^ed  by  vj  w<^^  ivc 
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Boad«-ay  38  ft  wide,  side-ilopag  1^  to  U . 
For  do8Ue<4nKdi  eioATtiiioii. 


For  coBtlnoation  to  100  *#t»  se«  Tabkyi^OOg Ic 
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Table  7.     %^w^  Cnttlass. 

OoatinnaUon  of  the  six  fbregoinc  Tablet  of  Cnbie  Contents,  to  109  fbeft  of  hel^t  or  dipdu 


Height 

T&bU 

Table 

Talde 

TaUe 

Table 

Table 

or  Depth 

in  Feeu 

1 

s 

8 

4 

5 

6 

CU.  YJe. 

On.  Td4. 

Cn.  Yds. 

Cu.  Yd». 

On.Ya». 

Cu.Ydj. 

61 

23835 

26094 

17848 

24739 

20107 

26998 

.5 

21201 

26479 

18108 

26113 

20386 

W390 

02 

24570 

26S67 

18370 

26489 

20667 

27785 

.6 

24942 

27257 

18634 

26868 

20940 

28188 

«S 

25817 

27660 

18900 

26260 

212« 

28583 

J 

2)694 

28046 

1916S 

26635 

21610 

28986 

M 

26074 

28444  ' 

19437 

27022 

218« 

29893 

J 

2W57 

28846 

19708 

27418 

22097 

29801 

•5 

26813 

29250 

19081 

27806 

22339 

30213 

^ 

27331 

29637 

20256 

28201 

22682 

80627 

M 

27«iJ 

30067 

20533 

28600 

22978 

81044 

^ 

28016 

30470 

20812 

29001 

28-275 

81461 

67 

28413 

30894 

21093 

29406 

23574 

81887 

.6 

2S812 

81313 

21875 

29813 

23875 

82318 

68 

29215 

81733 

21669 

30222 

24178 

82741 

A 

29620 

82157 

21945 

80635 

24432 

83172 

69 

80028 

32583 

22233 

31050 

24789 

83605 

^ 

30138 

83013 

2252$ 

31468 

25097 

84042 

70 

30852 

33444 

22814 

31889 

25!07 

S4481 

.6 

31268 

83879 

23106 

33313 

25719 

34021 

71 

31687 

34317 

23404 

82739 

26033 

86868 

.6 

3il08 

84767 

23701 

33168 

28:^49 

86818 

72 

32)33 

35200 

21000 

33600 

26667 

86267 

^ 

32980 

35646 

24801 

34035 

26936 

86720 

73 

33390* 

36034 

24604 

34472 

27307 

87176 

.6 

3)823 

86546 

24907 

34913 

27631 

87636 

74 

31259 

37000 

25214 

35356 

27056 

88096 

^ 

34697 

87457 

25522 

36801 

28282 

88501 

75 

35139 

37917 

25832 

36260 

28611 

89028 

^ 

35582 

88379 

26144 

36701 

28942 

80498 

76 

36020 

38844 

26458 

37156 

29174 

89970 

^ 

36179 

89313 

26n4 

37613 

2966 

40416 

77 

36931 

39783 

27092 

88072 

290|4 

40924 

^ 

87386 

40257 

27411 

88535 

30282 

41406 

78 

87844 

40783 

27733 

89000 

80622 

41889 

A 

38305 

41213 

28056 

30468 

80964 

42376 

19 

88763 

41694 

28381 

39939 

81307 

42865 

.6 

302)5 

42179 

28708 

40413 

81653 

43357 

80 

80704 

42667 

29a'I7 

40889 

82000 

43862 

81 

40650 

43650 

29700 

41850 

82700 

44850 

82 

41607 

44644 

30370 

42822 

83407 

45869 

83 

42576 

45650 

81048 

43S06 

84122 

46889 

84 

43555 

46667 

31733 

44800 

84844 

47911 

8ft 

44546 

32426 

46806 

35574 

48954 

86 

45548 

48733 

33i26 

.498ri2 

B6811 

50006 

87 

46661 

497i» 

33883 

4T850 

87D56 

51072 

83 

47585 

50844 

34&4S 
36270 

48889 

37807 

62148 

60 

48620 

51917 

49939 

88667 

63235 

00. 

40667 

53000 

86000 

61000 
62072 

89333 

64333 

01 

50724 

64094 

86737 

40107 

56413 

02 

51793 

55200 

87481 

53156 

408S9 

56668 

03 

52872 

56317 

^233 

64260 

4t678 

57694 

04 

53963 

57444 

88093 

66366 

42474 

58837 

05 

55065 

6B683 

89759 

M472 

43278 

59990 

06 

56178 

59733 

40533 

67600 

44089 

61156 

07 

57302 

60891 

41315 

58739 

44907 

62831 

08 

68437 

62067 

42104 

59889 

45733 

68516 

oa 

59^83 

42au0 

61050 

46667 

64716 

100 

60741 

64414 

43704 

62i22 

47407 

65926 

52 
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Of  OaUo  Yards  in  a  109^M>t  itation  of  levol  cutting  or  filling,  to  be  added  to,  or  sub- 
tracted from,  tiie  quantities  in  the  preceding  seven  tables,  in  case  the  excar*- 
Uona  or  embankments  should  be  increased  or  diminished  2  feet  in  width. 

Cvblo  Tard«  In  •  length  ef  100  feet ;  breadth  3  feet;  and  of  diffemit  depth*. 


Height  or 

Cable 
Tarda. 

Height  er 
in  Feet. 

Oahio 
Tarda. 

Height  or 
Depth 
in  Feet. 

Cnbte 
Tarda. 

Height  or 
Depth 
la  Feet. 

Gable 
Tarda. 

Height  or 
Depth 
in  Feet. 

Onhte 
Tarda. 

.5 

3.70 

.5 

152 

.6 

300 

.6 

448 

J 

696 

7.41 

21 

166 

41 

804 

61 

452 

81 

eoo 

.6 

n.i 

.5 

159 

.6 

807 

.6 

456 

.6 

604 

14.8 

22 

163 

42 

811 

62 

4.59 

82 

607 

.6 

18.5 

A 

167 

.5 

815 

.6 

463 

.6 

611 

22.2 

23 

170 

43 

319 

63 

467 

83 

616 

^ 

26.9 

.6 

174 

.6 

822 

.5 

470 

.6 

619 

29.6 

24 

178 

44 

326 

64 

474 

84 

622 

A 

33.3 

.5 

181 

.5 

330 

.6 

478 

.6 

626 

87.0 

25 

186 

4.5 

333 

65 

481 

85 

630 

A 

40.7 

.5 

189 

.5 

837 

.6 

485 

.5 

633 

44.4 

26 

193 

46 

841 

66 

489 

86 

637 

.5 

48.1 

.5 

196 

.6 

344 

.6 

493 

Jb 

Ml 

61.9 

27  • 

200 

47 

848 

67 

496 

87 

644 

^ 

65.6 

A 

204 

.5 

852 

.5 

600 

^ 

648 

69.3 

28 

207 

48 

856 

68 

604 

88 

662 

.6 

63.0 

.5 

211 

.6 

859 

.5 

507 

.6 

666 

66.7 

29 

216 

49 

363 

69 

611 

89 

659 

.6 

70.4 

.6 

219 

.5 

367 

.5 

616 

.6 

663 

741 

SO 

222 

60 

370 

70 

619 

90 

667 

A 

77.8 

.6 

220 

.6 

874 

A 

622 

.5 

670 

81.6 

81 

230 

61 

878 

71 

626 

91 

674 

.5 

86  2 

.6 

233 

.6 

881 

.6 

630 

.6 

678 

?8.9 

32 

237 

62 

885 

72 

638 

92 

681 

A 

92.6 

.6' 

241 

.5 

889 

.5 

63T 

.6 

685 

96.3 

33 

244 

63 

893 

73 

641 

93 

689 

J» 

100 

.6 

248 

.6 

896 

.5 

644 

.6 

693 

104 

34 

252 

54 

400 

74 

648 

91 

606 

JH 

107 

.6 

256 

.6 

404 

.6 

652 

.5 

700 

in 

35 

269 

66 

407 

75 

66« 

95 

704 

^ 

116 

.« 

263 

.5 

411 

.6 

669 

.5 

707 

119 

36 

267 

66 

415 

76 

663 

96 

711 

J> 

122 

.6 

270 

.5 

419 

.6 

667 

.6 

716 

126 

37 

274 

67 

422 

77 

670 

97 

710 

.5 

130 

.5 

278 

.6 

426 

.6 

674 

.6 

722 

18 

1^ 

38 

281 

58 

4.30 

78 

678 

98 

728 

A 

137 

.5 

285 

.6 

433 

.6 

681 

.5 

730 

19 

141 

39 

289 

59 

437 

79 

685 

99 

738 

.6 

144 

.6 

293 

.6 

441 

.5 

689 

.5 

737 

20 

148 

40 

296 

60 

444 

80 

693 

100 

741 

RsMARX.  The  forcfcolnfr  tables  of  level  euttloips  may  aluo  be 
aseU  for  wldtlis  of  roadway  nfreater  than  tliose  at  liie  heads 
of  the  tables.  Thus,  suppose  we  wish  to  use  Table  1,  for  a  roadbed  m  n,  16  ft 
wide,  instead  of  c  >,  which  is  only  14  fl,  and  for  which  the  table  was  calculated.  It 
is  only  necessary  first  to  find  the  Tert  dist  s  a,  between  these  two  roadbeds ;  and  to 
add  it  menUUlg  to  each  height  <  s^  of  the  given  embkt,  when  taking  out  firom  the 
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of  cub  yds  corresponding  to  the  heights.  By  this  means  we  obtain 
the  contents  of  fTin  siihlrf  c  6  o  p,  for  any  required  dist.  Next,  from  these  contents 
subtract  that  corresponding  to  dfe»  height  i  a,  for  the  same  di^t.  The  remainder  will 
plainly  be  the  embkt  mnop; 

In  practice  ft  will  be  snffleiently  correct  t«  titk<»4a  to  the  nearest  tenth  of  a 
foot,  wliich  will  save  trouble  in  adding  it  iitentally  to  the  heights  in  the  tables. 
ir  tlie  MMuMed  Is  narrower  than  the  table,  as,  for  io8taBee,if  •»i»be 
the  widrh  in  the  table,  but  wfr  wish  to  find  the  conteuiB  for  the  width  cb,  then 
first  find  «a,  and  calctilate  thb  cnliic  yards  in  100  feet  length  of  ebmn.  Tlien, 
in  taKing  out  the  cubic  yards  fvm  the  table,  first  subtract  sa  mentally  from 
each  height:  and  to  the  cubic  yards  taken  out  for  each  100  feet,  opposite  ti>is 
reduced  heignt,  add  the  cubic  yards  in  100  feet  of  cbmn. 

To  avoid  tronble  with  contractors  about  the  meaaarement  of  rock 
cuts,  stipulate  in  the  contract,  either  that  it  shall  conform  with  the  theoretical 
croHH  section ;  or  that  an  extra  allowance  of  say  about  2  feet  of  width  of  cut 
will  be  made,  to  coTer  the  unavoidable  irregularities  of  the  sides. 

Slirtnkaflr^  of  Embankment.  AHhongh  earth,  when  first  dug,  and 
loosely  thrown  ovit.stoeUs  altout  \  part,  so  that  a  cubic  vai-d  in  place  averages 
about  1^  or  iJ2  cubic  yards  when  dug:  or  1  cubic  yard  dug  is  equal  to  f,  or  to 
.8883 of  a  cubic  yard  in  place;  yet  when  made  into  emitankment  It  gradually 
subsides,  Settles,  or  shrinks,  Into  a  less  bulk  than  It  occupied  before  being  dttff. 

The  following  are  approximate  avera|(e^  of  the  shrinkage;  or,  in  other  wordft, 
the  earth  measured  In  place  in  a  cut,  will,  when  made  into  embankment,  occupy 
a  bttlk  less  than  before  by  about  the  following  prc^rtions: 

Gravel  or  sand about  8  per  ct;  or  1  in  12^  less. 

Clay ••      10  per  ct;  or  1  in  10     less. 

Loam **      12  per  ct ;  or  1  in    Sinless. 

Loose  vegetable  surface  soil.,..    "      15  pef  ct ;  or  1  in    6%  less. 
Puddled  clay ^    **     25  per  ct;  or  1  in   4     less. 

The  writer  thinks^  from  some  trials  of  his  own,  that  1  cubic  yard  of  any  hard 
rock  in  place,  will  luake  from  1^  t^  l^cuidc  yards  of  embankment*  say  on  an 
average  1.7  enbic  yards.  Or  tnat  1  cubic  vard  of  rock  embankment  reqnirea 
J6S82  of  a  cubic  yard  in  place.  He  found  tliat  a  solid  cable  yard  when  broken 
into  fragments,  made  about  as  follows  (see  p  678): 


C\iblc 
yards. 

In  loose  heap 1.9 

Oarrfessly  piled 1.75 

Careftilly  piled 1.6 

Rubble,  very  carelessly  scabbled 1J5 

Bubble,  somewhat  carefully  scabbled.....    1.25 


Of  which  there  were 


Solid 
82.6  per  cent. 
57 

63         «* 
«7  «* 

80  ** 


Voids 
47.4  per  cent. 
48 

.S7         *• 


For  trestles,  see  p  765. 

For  culverts  and  stone  bridges,  see  pp  698,  Ac. 
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COST  OF  EAETHWORK. 


ATt«  1.  Tt  Is  sdrliiable  to  pftj  for  ttali  kind  of  wotlr  tiv  IM  ffuVto  jmtA  vf  MeemaffM  only ;  in. 
•leMl  of  allowtoK  Mpar&te  prioea  for  •zeavation  sad  embaukmeat.  By  this  means  ve  get  rid  of  tlK 
dttBeuKy  of  meaaoreneats,  as  well  as  tke  ooBtreversies  and  lawsuiu  wbioh  often  attend  the  deter- 
mination of  tlie  allowance  to  be  made  for  the  settlement  or^ubsidence  of  the  embankments. 

"    '  ^  Doid  lead  to  the  Enipllsta  prmc- 

blC  jrarci^  instead  of  by  the  day. 
ses  high,  men  can  searoely  be  dep«nd<d 
lipltith  Mhom  wages  are  low,  and  when 
I.  The  contractor  is  thns  placed  at  the 
tory  results  to  attend  a  system  of  task- 
this  meanH  the  interents  of  the  laborers 
es  earn  that  the  oth^ra  ahall  do  thetr 

first  pecson  vho  properly  ijtvestipted 
s  form  as  to  eoabfe  vs  to  ealealate  the 
s  resntu  in  the  Joomal  of  the  rrankUa 
nme  variations,  we  shall  oansidcr  the 
»eU  as  t»  earls.  Throagbont  thia  paper 
•r  before  it  is  loosened  for  removaL  It 
rse  only  be  regarded  as  tolerably  elosi 
«  work  whta  wsges  are  high  ;  and  more 
n,  observation,  and  eaerf  y  of  the  een- 
« two  oontraetors  working  at  the  same 
ey.  snd  theoUier  losing  it,  fktnn  a  want 
tds  in  order,  having  his  earts  and  bar- 
ker may  seriously  affect  tb«  cost  of  exe- 
>r  empty ;  besides  keeping  the  roads  In 

The  aggregate  oost  of  excavating  and  removing  earth  Is  made  op  by  the  following  Itema,  namely : 

1st.  Xoo««n(na(*esarfJkrea<i^J(br(h««*oveOert. 

M.  Loading  it  by  sJtorels  into  the  carta  or  barrotot. 

M.  J?o«ilft|r.  or  itkeMhg  it  awajr.  indudUng  etnptffinf  oiMf  rttMning. 

4th.  Spreading  <l  mU  <nlo  siMcesstve  lagtr»  on  lite  embankmmyt. 

ikh.  Ketp4ng  tkt  hmaUing-romd  fttr  cmru.  or  t*e  flank  goftgwut  for  bwrrwM,  In  good  order, 

Cth.  Wear,  *hwrptning,  d^itrteiation,  and  inltrtU  on  cost  of  toti*. 

Tth.  Snperintfndenee,  and  water-earriert. 

8th.  iVo;l(  Co  Ms  eoNlractor. 

We  will  consider  these  items  a  little  In  detail,  basing  onr  oalenlaUons  on  the  assnmptlon  that  eosB- 
mon  labor  oostn  91  per  day.  or  10  workhig  boors.  The  results  in  our  tables  mnat  therefore  be  in* 
oreaMd  or  diminished  in  about  the  same  proportion  as  common  labor  oosts  more  or  less  than  this. 

Art.  9.    lAMMenlnir  the  earth  ready  for  the  shoveUeva.  Thyie 

erally  done  either  by  ploughs  or  l>y  picks ;  more  cheaply  by  the  first.  A  plough  with  two  horaek. 
two  men  to  msna^  them,  at  91  per  day  for  labor.  75  cents  per  day  for  eaeh  norae  and  S7  oentt 
day  for  plongrh.  includiog  harnens,  wesr.  repstra.  Ae.  or  a  total  of  $8.87.  will  looaen,  of  atrang 


generally  done  either  by  ploughs  or  l>y  picks ;  more  cheaply  by  the  first.  A  plough  with  two  horse*, 
and  two  men  to  msna^  them,  at  91  per  day  for  labor.  75  cents  per  day  for  eaeh  norae  and  S7  oentt 
per  day  for  plongh.  includiog  harnens,  wesr.  repstra.  Ae.  or  a  total  of  $8.87.  will  looaen,  of  atrang 
neavy  soils,  fjrom  200  to  300  cubic  yards  a  dsy.  at  from  l.M  to  l.M  cents  per  yard;  or  of  ordinarr 
losm.  f^m  400  to  MO  cubic  yards  a  day,  at  ftx>m  .97  to  .64  of  a  oent  per  yard.  Therefore,  as  an  ordi- 
aary  average,  we  may  assume  tlie  actual  oost  to  the  oontrsctor  for  loosening  by  the  ploogh.  as  fbl- 
lows:  strong  heavy  soils.  1.6  cents ;  common  losm.  .8  cent:  light  sandy  soils.  .4  cent.  Very  stiff  para 
3lar,  or  obstinate  cemented  gravel,  may  be  set  down  st  2.5  cenu ;  they  reqaiia  three  or  fbar  hones. 
By  the  pick,  a  fair  day's  work  is  about  H  yards  of  stiff  para  elay.  or  of  oemented  gravel ;  X  yards 
of  strong  heavy  soils;  40  yards  of  common  loam;  00  yards  of  light  sandy  soils  — all  measoKd  in 
place;  which,  at  91  per  dav  for  labor,  gives,  for  stitrolsy,  7  cents;  heavy  soils.  4  cents:  hmm.  tA 
oentM;  light  sandy  soil,  1.06iS  cents.  Pure  sand  requires  but  very  little  labor  for  loosening;  J>  of  a 
oent  will  cover  it. 

Art.  8.    Shovelllnir  the  loosened  earth  into  earts.  The  amoont 

shovelled  per  day  depends  partly  upon  the  weight  of  the  materiel,  but  more  upon  so  proportioning 
the  number  of  pickern  and  of  carts  to  that  of  shovellers,  as  not  to  keep  the  latter  wsiting  for  either 
material  or  earts.  In  fairlr  regulated  gangs,  the  shovellers  into  carU  are  not  actually  engaged  la 
ahoTelliDK  for  more  than  nix-tenlhsof  their  time,  thus  being  unoccupied  but  four-tenths  of  it:  while, 
vnder  bad  management,  th^y  lose  considerably  more  thsn  one-half  of  it.  A  shoveller  ean  readily 
load  into  a  cart  one-third  of  a  cubic  ysrd  measured  in  plaoe  (and  which  is  an  average  working  cart- 
load), of  sandv  soil,  in  five  minutes :  of  loam,  in  six  minutes :  and  of  any  of  the  heavy  aoils,  in  seven 
minutes.  This  would  give,  for  a  day  of  10  working  hours,  120  losds,  or  *40  enbio  yards  of  light  sandy 
soil ;  100  loads,  or  .33)^  cubic  ysrds  of  loam ;  or  86  loads,  or  28.7  yards  of  the  heavy  soils.  But  (Vom 
these  amounu  we  mnstdedaot  four  tenths  for  time  necessarily  lost:  thus  reducing  the  actual  worit- 
ing  quantities  to  24  yards  of  light  sandy  soil,  20  yards  of  loam.  17.8  yards  of  the  heavy  soils.  When 
the  shovellers  do  less  thsn  this,  there  is  some  mismansgement. 

Assumina  these  as  fair  quantities,  then,  st  91  )ier  day  for  labor,  the  setnal  oost  to  the  oontraeter 
for  shovelling  per  cubic  vard  measured  in  plaoe,  will  be,  for  sandy  soils,  4.167  oenta ;  loam,  5  eeats ; 
hmiTy  soils,  clays.  Mo,  5.81  cents. 

In  practice,  the  oart«  are  not  n*nsl|f  loaded  to  anv  loss  extent  with  the  heavier  soils  than  w|jh  the 

Mahter  ones.    Nor.  indeed,  is  there  any  neoesstty  for  so  doing,  inasmneh  as  the  dlflbrcnoe  of  weight 

n****^  ***^  **"*  third  of  a  cnbie  vard  of  the  various  soils  is  too  slight  to  need  any  attention  ;  eapa- 

"Mj  when  the  earvroad  is  kept  in  good  order,  as  it  will  be  by  any  contraotor  who  nnder«tuida  Ui 
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own  interest.  Keither  Is  It  neoeuar;  to  modify  the  load  on  Meount  of  aoj  $ttgkt  indtntitloiu  wbioh 
Buy  ooeur  la  (he  grvdiDg  of  ruwb.    Aa  earUiawrt  w«lgte  kj  liMtf  akoat  H  m  too. 

Art.  4.    Hanllnir  *^<*^  ^^^  earCta i  dninpius,  or  emptying; 

anci  reCMrnlnir  ^  reload*  The  average  speed  of  boraM  in  bauling  is  alxnit  t^  miles 
per  hour,  or  HOO  feei  per  minote;  which  Is  eaual  to  100  feet  of  trip  each  way ;  or  to  100  feet  of  Uad, 
as  the  disUooe  to  which  IA«  •arth  U  ^oniej  Is  teobnioally  called.*  Beeldaatklst  Ihet*  Is  a  loss  of 
about  four  minutes  in  erery  trip,  whether  long  or  short,  In  waiting  to  load,  dumping,  turning,  Ac. 
Hence,  eirery  trip  will  occupy  as  many  minutes  as  there  are  lengths  of  100  feet  each  In  the  lead;  and 
fonr  minutes  besides.  Therefere,  to  find  the  number  of  trips  per  day  over  any  gWen  average  lead,  we 
divide  the  number  of  minutes  in  a  worlting  day  by  the  sum  of  4  added  to  the  nomber  of  100  feel 
leogUu  oontniaed  In  the  distaooe  to  whieh  the  earth  baa  lo  fee  removed ;  that  is, 

rJte  tHMW&er  «00)  e/mimutM  ^m  a  worUnf  4^  _  th*tmmhtr<if%rip9;orlo<uU 
i -f-  «»«  numb«r  */ lOO/eel  Ungiht  <n  tkt  Uad  "  T^mfivdpw da^, psr tart. 
And  sftto*  91  of  a  cabin  yard  measured  before  being  looseoiM,  makes  an  average  eart-load,  the  num- 
ber of  lead*,  dividad  bv  S.  will  give  the  number  ef  evbie  yards'  re  me  red  per  day  by  each  eart ;  and 
the  eabie  yards  divided  into  the  local  expenae  of  n  eart  per  day,  wUi  give  the  eoet  per  ooUo  yard  for 
hauling. 
Rbmabk.    When  removing  loose  rock,  which  requires  more  time  for  loading,  say, 
.ye.  <tf  mtnutet  tOOO)  in  a  wotUng  day  _  j^^,.  „/  load*  removed^ 
6  +  ifO'  of  lOO-ZteC  length*  of  lead  P***  dag,  per  eart. 

In  leade  of  ordiOMy  length  one  driver  can  attend  to  4  carU ;  which,  at  fl  pnr  day,  is  35  cents  per 
cart.  Wlwtt  labor  is  fl  p«hd^,  the  expense  of  a  horse  Is  nsoally  about  75  cents:  and  that  of  the 
eart.  Including  harness,  tar,  repairs.  Ac,  35  cents,  malting  the  total  daily  cost  per  cart  tl.35.  The 
expense  of  the  horse  is  the  same  on  Sundays  and  on  rainy  dayv,  as  wtnn  at  work :  and  this  eoasid- 
eratlon  Is  included  in  the  75  cents,  (ome  contractors  emplov  a  greater  number  of  drivers,  who  also 
help  to  lend  tbeearu,  so  that  the  expense  is  abont  the  same  In  either  ease. 

ExAitrfM.  How  many  cable  yards  of  loam,  meaanved  in  the  ent.  can  be  hauled  by  a  horse  and  cart 
in  a  day  of  10  working  hours.  (800  minute*.)  the  lead,  nr  length  of  haul  of  earth  being  1000  feet,  (or 
10  Ihngttaoof  100  feet.)  and  wbnt  wilt  be  the  expense  to  the  contractor  for  hauUag,  |ier  cubic  yard, 
assuming  the  total  cost  of  cart,  horse,  and  driver,  at  $1.35  T 

_  dOOmlnutss  000  ^  .„  ,      .  .    .  48teo<ls  __  ,.  ,      ,. 

^•'•'  l+tAten^ofiOOfeeS,  =  "u   =  **'^-       ^«^  Tg"  =  >" «^ !«'*«•• 

V25cettt» 

A»d  TT^ . — ^  =8.74  eenis  per  eii&<c  yard. 

U.S  CKft  yiif 

In  this  manner  the  8d  and  3d  columns  of  the  following  tables  have  been  calentated. 

Art.  5.  Spr«fMlliifr,  fur  level linir  olT  the  eartli  into  reyvlar 
tlUii  layers  ogi  the  embanknieMt.  a  banknum  win  spread  from  so  to  loooubio 

yard*  of  either  common  loam,  or  any  of  the  heavier  soils,  elays,  Ac,  depending  on  their  dryness. 
This,  at  $1  per  day,  k  1  to  3  oente  per  cubic  yard ;  and  we  may  aasome  IH  eents  as  a  fair  average 
for  suoh  soils:  while  1  cent  will  sufBoe  for  light  sandy  soils. 

This  expense  for  spreading  is  saved  when  the  earth  is  either  dumped  ever  the  end  of  the  emlmnk- 
meat,  or  is  wasted ;  still,  about  %  cent  per  yard  should  be  allowed  in  either  case  for  keeping  the 
dnmping-plaoes  clear  and  in  order. 

Art.  6,  Keeplnir  the  cart-road  !■  li^^MMi  order  for  hanliiiv. 

Ko  ruta  or  noddles  should  m  allowbd  to  remain  anfllled:  rain  shoiyl  at  once  be  led  off  by  shallow 
diuhes ;  and  the  road  be  carefully  keipt  in  good  order:  otherwise  the  labor  of  the  horses,  and  the  wear 
of  enrts,  will  be  eerg  greatlg  InereaNed.  It  is  usnal  to  allow  so  much  per  eubio  yard  for  road  repairs ; 
but  we  suggest  so  moeh  per  cubic  yard,  per  100  feet  ef  lead ;  say  -^  of  a  cent. 

Art«  7.  Wear,  AharpenlHir.  and  depreelatioti  of  pieks  and 

•hovels.    Experience  shows  that  abont  )4  of  a  cent  per  cubic  yard  will  cover  this  Item. 

Snperintendenee  and  water^arriers.   These  expenses  win  vary  inth 

ktMl  ctreamstaooee ;  but  we  acrae  wtth  Mr.  Morris,  that  1  ^  cents  per  cubic  vard  will,  under  ordinary 
cirenmstaneea.  cover  both  of  wem.    An  allowaaee  of  about  }i  oent  mftr  In  /nstioe  be  added  for  extra 
tro«ble  in  digging  the  side-dltehea;  krelling  off  the  bottom  of  the  ent  to  grade  |  and  general  trimming 
up.    In  very  ikht  cotOngs  this  may  be  inereased  tn  }i  cent  per  cable  yard. 
At  %  eeat,  an  the  Items  in  this  article  amount  to  3  cents  per  oubie  yard  of  ent. 

Art.  9.  Profit  to  the  contractor.  This  may  generally  be  set  down  at  fMn  gto 
15  per  cent,  aoeording  to  the  magnitude  of  the  work,  the  risks  laeurred.  and  various  Incidental  eir- 
ciimstanoes.  Out  of  this  Item  the  contractor  generally  has  to  pay  derkii.  storekeepers,  and  ottoer 
agents,  as  well  as  the  expenses  of  shanties,  Ac ;  although  these  are  In  most  oases  repaid  by  the  proflts 
of  the  stores;  and  by  the  rates  of  boarding  and  lodging  paid,  to  the  contractors  by  the  laborers. 

Art.  9.  A  knowledire  of  the  f»reiroinflr  items  enables  os  to 
calcnliite  with  tolenftble  acenrac  j  tfie  cost  of  remo vlnir  earth. 

For  example,  let  it  be  required  to  ashertaln  the  cost  per  cnbio  yard  of  excavating  onmmon  loam,  meas* 
nred  la  plaor ;  and  ef  removing  it  into  embankment,  with  an  avwrace  haul  or  lead  of  10(tt)  fbet;  the 
wages  of  laborer*  being  $1  per  day  or  10  working  hours ;  a  horse  75  ots  a  day ;  and  a  cart  35  els.  One 
driver  to  fonr  earts. 


»  When  an  eatiin  ant  is  made  Into  an  embnnkmoit,  tie  MMta  lutwl  l«  the  dist  between  eeoien 
ef  gravity  of  the  eutand  embm. 
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B«r*  iM  A«M  OMi  </  lomtmin§,  Miy  fry  jvidfc,  ilrt  t.  per  euhie  j/mrd.  My,    t.60 
Loading  into  caru,  Ari,^,  "  "  (.00 

BuhMh^  1000  /HM,  M  eaietOblcd  prtvUnul^  in  ij^mpU,  Art.  t,  *•  8-74 

aprtrndtHf  iiH«  la^tn.  Art.  i,  1.60 

X^piimeart-nHUlimrtpiUr,  Art.  S,  10  lengtht  •/ 100  fi,   1.00 

ForiMW  ftMU  iM  Art.  7,  2.00 

fbMt  eo$t  to  amiraelor,  90.74 

ilcM  amtroicfr't  profit,  tat  10  per  enU,        2.074 

SUa<  eMi  p«r  tmbie  yard  f«  tjk«  oomjxmy,  12.814 
It  is  MIT  to  oolwtriwt  a  Uble  Uk*  the  foUowing,  of  eoctt  pmr  enble  rard.  for  didiereBt  lengths  of  lead. 
ColamiM  2  sad  S  ut»  flrst  obtaiued  b/  tlM  Ruto  ia  Irtlole  4 ;  tbea  to  eaoli  amoont  in  oolomn  3  is  added 
the  varieMo  qoantiijr  of  ^  of  a  oent  for  oTarj  100  fsat  length  af  lead,  for  keeping  the  road  in  order; 
and  the  eoiw<aN<  quaatitjr  (for  any  given  kind  of  soil)  oompeecd  of  the  prioes  per  eabie  yard,  fbr 
looeeniag,  loadiug,  spreading,  or  wasting,  ko,  either  taken  ftom  the  preoeding  artleles ;  or  uodiOed 
to  suit  particular  elroumstauoes.    In  this  manner  the  tables  have  been  prepared. 

Bjr  CATtn.    liAbor  $1  per  dajr,  of  10  workioy  hoan. 
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By  Carta.    Ijiibor  $1  p«r  day. 

Of  10 

workliiip  boars.  - 

w  a 

li 

il 

2 

1! 

Fiu8  Btiff  day,  or  oementod 
Gravel 

Light  Sandy  Soila. 

« 

TOTAL     COST    PBB     CUBIC 

TOTAL     COST 

PER     CUBIC 

YAttDy     BXCLUSIVa    OF 

YARD,     EXCLUSIV8    OF 

%i 

ll 

PROFIT  TO  COITTUACTOR. 

PROFIT  T0C9VTRACT0R. 

if 

II 

f 

Ill 

li 

ii! 

M 

u 

111 

H 

¥i 

FmC 

Cu. 

Cti. 

Cu. 

cu. 

Cu. 

cu. 

Cu. 

cu. 

Cu. 

ss 

3.M 

19108 

17.75 

14.M 

18.85 

11.53 

10.77 

10.25 

9.50 

•• 

Ml 

18.M 

ItjOt 

14^ 

■  18,48 

11.W 

10.94 

ia48 

9.61 ; 

74 

3.97 

19.38 

18.11 

14.86 

13.61 

11.88 

11.U 

10.61 

9.M 

100 

8.1S 

19.58 

18.38 

15.08 

18.78 

13.05 

11.30 

10.78 

1<1.08 

150 

S.4S 

19.89 

18.64 

15.89 

14.14 

12.41 

11.66 

n.14 

1049 

»• 

S.7S 

30.36 

19.01 

15^6 

1441 

12.78 

13.03 

1141 

10.76 

aoo 

4.87 

30.98 

19.78 

15.48 

15.38 

13.50 

13.75 

13.38 

11.48 

4e» 

5.60 

31.71 

30.46 

17.31 

15.M 

14.38 

18.48 

13.48 

1X31 

600 

5.63 

33.44 

51:a 

17.94 

16.69 

14.96 

14.21 

18.M 

IXM 

400 

6.35 

38.16 

1^$? 

17.41 

15.68 

14.98 

14.41 

1846 

700 

e.67 

33.88 

33.68 

19.88 

18.18 

16.40 

15.65 

1|:£ 

1448 

800 

7.45 

34.59 

38.34 

9Q.M 

1844 

17.11 

16.88 

15.08 

900 

8.13 

25.38 

38  J6 

20.78 

18.48 

17.75 

17.00 

mL48 

18.78 

1000 

874 

36.05 

34.M 

31.56 

30.M 

18.57 

17.82 

n.M 

18.55 

1100 

9.40 

M.81 

35.56 

33.31 

31.U6 

19.33 

18.58 

18.06 

17.81 

1«» 

10.8 

3T.51 

36.36 

38.81 

31.76 

98.06 

19.28 

18.76 

18.01 

ISOO 

10.6 

28.21 

36.M 

23.21 

33.46 

30.78 

1948 

19.46 

18.71 

1460 

ii.r 

38.M 

37.M 

34.#1 

28.16 

31.48 

3048 

30.16 

itt.111 

1500 

U.9 

28.71 

28.48 

•^31 

28.M 

23.33 

31.48 

30.M 

3041 

IMO 

ts 

80.41 

39.16 

25.91 

34.86 

22.98 

22.18 

31.88 

30.91 

1700 

13.1 

81.11 . 

39.M 

38.81 

35.M 

23.88 

8348 

32.86 

31.61 

1800 

37 

81.81 

W.56 

37.S1 

36.06 

24.38 

15.58 

33.06 

3X81 

IMO 

li.4 

82.81 

81.M 

38.11 

36.M 

35.18 

34.88 

33.M 

38.11 

m» 

15.0 

88.81 

83.06 

38.81 

3T.56 

35.83 

35.08 

34.56 

38.81 

nso 

16.6 

85.16 

88L91 

80.86 

38.41 

37.68 

36.98 

38.41 

95.66 

ssoo 

l&l 

88.91 

86bM 

8X41 

8L16 

39.43 

38.68 

38.16 

37.41 

H  Bile 

19.8 

87.95 

86.70 

88.45 

83.30 

80.47 

89,73 

39.30 

38.45 

MOO 

3L3 

40.51 

89.36 

86.81 

84.76 

83.03 

83.38 

JJif 

81.01 

MM 

33.8 

43.88 

41.11 

S£ 

86.61 

84.88 

84.13 

83.88 

SMO 

S4J 

44.11 

43.M 

8846 

86.68 

85.86 

84.61 

SIM 

35.8 

45.M 

44.71 

44.46 

40.31 

as 

87.78 

87.31 

88.48 

40M 

37.5 

47.81 

46.56 

48.81 

4XM 

iObfo 

89.06 

88.81 

41M 

39.1 

48.M 

48.41 

45.16 

48.81 

u 

41.45 

40.93 

4018 

4M0 

M.8 

51.41 

50;16 

48.81 

45.66 

48.18 

42.66 

41.91 

47M 

83.3 

68.96 

53.81 

48.76 

47.51 

45.78 

45,93 

44  51 

48  76 

6om 

83.8 

65.11 

58.W 

5041 

49.86 

47.63 

48.88 

4646 

45.61 

1  mil* 

8&J 

57.09 

55.84 

53.59 

51.84 

49.81 

48.86 

48.84 

47.59 

ImToi. 

43J) 

66.91 

65.46 

8X31 

60.M 

69.83 

gg 

57.M 

57.31 

13?  m. 

53:1 

78w88 

Y&88 

71.83 

7048 

88.85 

6748 

86.83 

IK*. 

M.4 

85.95 

64.70 

81.45 

M.30 

78.47 

77.79 

77.30 

76.45 

»     «. 

M.T 

85.57 

84.83 

•1.07 

88.63 

88,08 

8744 

86.82 

W.07 

Art.  10.  By  Wheol barrows.  Th«  OMt  by  burows  may  b«  •itlmated  In  the  name 
maoBar  a«  bj  oarti.  See  Artiole*  1,  fro.  Ifeo  in  wbeeliag  more  at  about  the  name  average  rate  a« 
bortee  do  In  aauUag.  tbat  it,  3W  mile*  an  hour,  or  200  feet  per  minate.  or  1  mlDUM  per  tverj  100-feet 
length  of  lead.  The  time  eeoapled  in  loading,  emptying,  ko  (when,  aa  i«  usual,  tht  wheeler  load*  hit 
own  barrow.)  ia  about  1.85  minutee.  without  regard  to  length  of  lead :  beaidea  whioh,  the  tine  lo«t  in 
oeeaaioaal  ebort  leaU.  in  adjusting  the  wheeling  plank,  and  In  other  inaidental  oaqsea,  amounu  to 
about  JL  part  of  his  whole  time;  so  that  we  must  In  praotioe  oensider  him  as  aetnally  working  bttt 
9  bours  out  of  his  10  working  onea.    Therefore 

Th»  numbtr  of  mJnuf  in  a  working  day  X  .%  _  m«  nMmh«r  o/tHp$  or  ofloada 
IM-^- the  number  of  lOO-fMiUngthtitf  lead    "   removed  por  day  per  harrow. 

See  Remark,  nrxt  page. 

The  number  of  Imidii  divided  by  14  wilt  give  the  nnmher  of  cob  yards,  sinoe  a  enb  yard,  measured 
in  plaee.  averages  about  14  loads.  And  the  eost  of  a  wheeler  and  barmw  per  day.  (aay  tl  per  V«n 
MMl  5  oenu  per  barrow,)  dii  ld«d  by  the  nambei-  of  eub  yarda,  wiU  give  the  o^t  ft^r  7«r4  Uyr  iMMtltf 
wliMiiDg,  and  tmptyiaf. 
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Ex*  Bwr  nuar  otbhjff^  ¥  oamn^om  kyia.  mm»wA  Vk  ^lk$m,  »in  iw  mtm  1*M»  wheel, 
d  empty,  per  day  of  10  .worUiig  hour*,  (or  Aw  niinutes ;)  the  lead,  or  diitaooe  to  whlcb  Um  earth  Is 
no  red  beinc  1000  feet,  (or  lOleogtb*  of  100  feet ;)  and  what  will  be  the  expenae  per  jard,  anppodnc 


and 

remored        _  _ 

the  laborer  and  barrow  to  ooet  %\M  per  day  ? 

» minuU*  X  .9  _    540        ^„  _^         ,      . 

TT-r^^M  fr(p«,  er  lea«bj»er4Mf. 


Aw, 


1.25  +  10  letvOe 


^mi 


106miu»     , 
S.4S  M(»  yde  ' 


per  enb  ynrd  for  londlng.  whceliog  away,  emptying,  and  retaraing.    This  wonld  be  Inereaaed  ntanoet 
inappreoiably  by  the  oocl  of  the  sh«vel,  vhieh,  in  the. following  tables,  however,  is  indnded  in  the 
cost  of  tools. 
Ben*  For  n>dt»  whi<di  rcqalres  more  time  for  loading,  saj 

No  ofminutt*  M  a  working  day  X  .9  Ko  of  loadt  rmwved 
1.6  -^Non/  ioo-ftet  tmeOu  9fUad  P«r  da9,p«r  hmrrom. 
Art.  11*  The  following  Ubles  are  ealoulated  as  in  the  ease  of  earU,  by  first  fnding  oolnaans  tk 
and  S  by  means  of  the  Bole  in  Art  If  .and  then  adding  to  each  sum  in  tolamu  8,  the  variat^e  qnaatiij 
of  .1  of  a  oent  per  eubio  yard  per  lOD  feet  of  lead  for  keepingthe  wheeling- plaalcs  in  erder ;  and  the 
prloes  of  loosening,  spreading,  svperlntendcnee,  watv-oarrylng,  ke,  per  enbic  yard^  as  gtrm  In  the 
preceding  Artieles  2  M  ?. 

Bjr  WiMelbArrows.     lAlMr  #1  per  dajr,  •f  lO  woi^Imv  li^tirs. 
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CMnrnon  Lout. 

■ 1 4  •        

Strong,  HeaTj  Soili. 

11 
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il 
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If 

TOTAL    OJST     PBB     CUBIC 

TOTAL    008T    FEB     CUBIC 

TABD,    BX0LV8IVB    OF 

TABD,    EZCLU8IYB    OF 

^^1 
111 

PROFIT  TO  ODNTBAOTOB. 

PBOFIT  TO  aUTTIULCTOlt. 

II 

H 

ill 

H 

H 

Ill 

14 

H 

u 

Feet. 

Ca.Yds. 

Cu. 

Gts. 

Ots. 

Ou. 

Cu. 

Cu. 

cu. 

cu. 

cu. 

» 

25.7 

4.00 

10.12 

6.87 

6.43 

7.17 

11.62 

10.87 

9.12 

7.«T 

60 

32.1 

4.75 

10.80 

9.55 

9.10 

T.86 

12.80 

11.65 

9.80 

8.66 

76 

ie.8 

6.44 

11.52 

10.27 

9.82 

8.67 

18.02 

ii.n 

10.52 

9.2V 

IflO 

17.1 

6.14 

12.24 

10.99 

10.64 

9.29 

18.74 

12.49 

11.24  • 

»J0 

160 

14.0 

7.60 

13.65 

12.40 

11.95 

10.70 

15.15 

18.90 

12.65 

11.40 

300 

11.9 

8.82 

15.02 

18.77 

18.83 

12.07 

16.63 

15.27 

14.02 

«.t7 

350 

10.8 

10.3 

16.45 

15.30 

14.75 

18.60 

17.95 

16.70 

15  45 

M.90 

too 

9.07 

11.6 

17.90 

16.65 

16.90 

14.96 

19.40 

18.15 

16.90 

15  66 

sso 

8.14 

12.9 

19.35 

18.00 

17.65 

16.80 

30.75 

19.60 

1826 

17^ 

400 

7.86 

14.8 

30.70 

19.45 

19.00 

17.75 

32.20 

90.96 

19.70 

18.45 

<S0 

6.71 

15.6 

32.05 

30.80 

20.85 

19.10 

23.65 

22.80 

21.06 

19^ 

600 

6.17 

17.0 

38.50 

33.35 

31.80 

90.66 

26.00 

38.75 

32.60 

fl.tf 

000 

6.82 

19.7 

36.80 

35.65 

34.60 

28.86 

27.80 

96J6 

36^ 

s-s 

700 

4.67 

32.6 

39.20 

27.95 

97.60 

36.26 

80.70 

99.45 

38.20 

800 

4.17 

35.2 

82.00 

80.75 

80.80 

29.06 

88.50 

82  35 

81.00 

29.7i 

900 

8.76 

27.9 

84.80 

83.55 

83.10 

81.86 

86.80 

85.06 

88^ 

1000 

8.46 

80.6 

87.60 

86.85 

86.90 

84.65 

86.10 

87.66 

86.60 

86186. 

1200 

2.91 

86.  t 

48.80 

42.05 

41.60 

40.86 

44.80 

48.55 

42.80 

41416 

1400 
1600 

2.68 
2.24 

Hi 

48.90 
54.50 

47.65 
68.45 

47.20 
62.80 

l?S 

t^SI 

tat 

-S:3- 

t^ 

1800 

2.00 

52.5 

60.80 

69.J6 

88.60 

57.86 

61.80 

60.55 

69.80 

68.96 

2000 

1.81 

58.0 

66.00 

64.76 

64.80 

68.00 

67.50 

66.25 

II 

68.76 

2200 

1.66 

68.8 

71.50 

70.26 

69.M0 

68.65 

73.00 

71.75 

69.» 

74.75 

2400 

1.M 

686 

77.00 

75.76 

75.80 

74.05 

78.50 

n.25 

H  mile. 

1. 89 

75.5 

84.14 

82.69 

82.44 

81.19 

86.64 

84.89 

88.14 

pi.m 
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Art.  12.  By  wheeled  serapers  and  dragr  »crapers.  The  body 
of  the  wheeled  scraper  i^  a  box  of  smooth  sheet-steel  about  Hl^  ft  square  by  15  ins 
deep,  containing  about  ^  cubic  yard  of  earth  when  "  even  full.'*  The  box  is  open 
in  iront  (in  some  machines  it  is  closed  by  an  ''  end  gate  "  when  full),  and  can  be  raised 
and  lowered,  and  rev<>lved  on  a  horizobtai  axis.  To  ftU  the  box,  it  is  lowred  Into, 
and  held  down  in,  the  earth,  while  the  team  draws  the  machine  forward.  When  full, 
it  is  raised  to  about  a  foot  above  ground ;  and,  on  reaching  the  dump,  is  unloaded  by 
being  overturned  on  its  axis.  All  the  movements  of  the  box  are  made  by  means  of 
levers,  and  withoiit  stopping  the  team,, which  thus  travels  constantly.  Tlie  wheels 
have  broad  tires,  to  prevent  them  fromtcutting  into  tiie  ground. 

In  the  clrag  scraper  the  box,  owing  |p  the  greater  resistance  to  traction,  is  made 
much  smaller.  It  contains  about  .15  ta  .25  cubic  yard  in  place,  and  is  always  open  in 
fronti  The  operation  of  the  drag  scra|»er  is  similar  to  that  of  tibe  wheeled  scraper, 
except  that  the  box,  when  filled,  rests  upon  the  ground  and  is  dragged  over  it  by  ^e 
team. 

Each  scraper  ("wheeled"  or  "dn^*^  requires  the  oonetant  use  of  a  team  of  two 
horses  with  a  driver.  Besides,  a  number  of  men,  depending  on  the  shortness  of  tbe 
lead  and  the  number  of  scrapers,  are  rjQquired  in  the  pit  find  at  the  dump  to  load  the 
scrKpers  (by  holding  the  box  dovm  intd  the  earth)  and  unload  them  (by  tipping  the 
box).  Except  ih  sand,  or  in  very  soft  soll^  it  is  economical  to  use  a  plow  before 
scraping.  ' 

The  severest  work  for  the  team  is  the  filling  of  the  hot ;  and  this  occurs  ofbenest 
where  the  lead  Is  shortest.  Hence  sm^Ier  scrapers  are  used  on  short  than  on  long 
hauU.    We  base  our  calculations  ob  the  following  loids : 

For  drag  scrapers  (used  only  on  short  hauls) « .2  cubic  yard 

For  wheeled  scrapers 

•      lead  le*  than  100  feet .». ,..•<»..<..„...« .33         " 

"    100  to  300  feet .4  ** 

"    400to500feet ^  " 

"    over  500  feet: 6  j* 

Digitized  by  VjOOQ  IC 
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TIm.^vUt  txpMiie  per  Mc^wr,  Ibr  driver'*  mitmt  »iid  the  use  of  a  2-bone 
about  9^^.    Wot  leads  of  400  feet  and  over,  we  add  60  cts  per  day  for  use  of  *' 


*  to  help  load  the  larger  scrapers  then  used.  One  snatch  team  generally  senres 
a  numher  of  scrapers. 

Owing  to  the  fiftct  that  the  teams  are  ooostaotly  in  motion  without  rest,  they  traTel 
somewhat  more  slowly  than  with  carts.  We  take  150  ft  per  minute  (or  T6  ft  <rf  iwd 
per  minute)  as  an  average. 

In  loading  and  unloading,  the  teams  not  only  go  out  of  their  way  In  order  to  tarn 
around,  but  travel  more  slowly  than  when  simiMy  hauling.  To  cover  tiiis  we  make 
an  addition  of  25  ft  to  each  length  of  lead,  whether  long  or  short,  for  wheeled  scrap- 
ers ;  and  15  feet  for  drag  scrapers. 

We  add  1  cent  per  cubic  yard  for  the  cost  of  loading  and  dumping  the  scrapers ;  and 
estimate  the  approximate  cost  of  the  other  items  as  follows : 

Bepairs  ci  cart-road  ^  ct  per  cub  yd  in  place  for  each  100  ft  of  lead 

Light  Soils  Heavy  Soils 

Loosening  cts  per  cub  yd  in  place    cts  per  cub  yd  in  place 

by  pick ♦  6. 

by  shovel •  „ 2. 

Spreading 1 ..........) »  1.5 

Superintendence,  wear  and  tear  etc 1 .; 1. 

We  repeat  that  our  figures  are  to  be  regarded  merely  as  tolerable  approximationa, 
and  subject  to  great  variations  according  to  skill  of  contractor  and  superintendent, 
strength  of  teams,  character  of  material  moved,  state  of  weather  etc  etc 

Ko.  of  trips  per  day  __  No.  (OOP)  of  mlns  in  a  woAlng  day 
per  wheeUd  scraper  —  No.  of  75  ft  lengths  in  (lead  +  25~ft) 


Ko.  of  trips  per  day 
per  drag  scraper 


No.  (600)  of  mins  in  a  working  day 
'  No.  of  75  ft  lengthVin  (lead  +  15  ft) 


No.  of  cub  yds  in  place  moved  ^  No.  of  trips  per  y,  No.  of  cub  yds  in  place, 
per  day  by  each  scraper       **  day  per  scraper  ^      per  soraper  per  trip 


Cost  per  cub  yd  in  place, 

for  loading,  hauling,      «= 
dumping  and  returning 


Daily  expense  of  one  scraper     .    i  ct  ibr  loading 
No.  of  cub  yds  in  place,  moved         and  dunq>ing 
per  day  by  each  scraper 


Total  cost  per  _  Cost  per  cub  yd  .1  ct  per  cub  yd 
cubic  yard  in  in  place,  for  in  place  for  each 
place  exclusive  ^  loading,    haul-  -|-  100  ft  of  lead,  -|- 


of  contractor's 
profit 


ing,    dumping, 
and  returning 


for     repairs 
road 


of 


Cost,  per  cub  yd  in  place, 
of  loosening,  spreading 
or  wasting,  and  super- 
intendence &c. 


Bjr  Wlieelecl  Scr»p«rs. 

Labor  $1  per  day  of  10  working  hours. 

1 

i. 

*oUl  cost, 

per  cable  yard  In  plaM,  ezcloslTC  of  cMitraetor's  proflC 

1 

Light  Avils        1 

HeaTy  Soils 

Spread 

Wasted 

Pteke 

Spread 

dand 
Wasted 

Pl0»( 

Spread 

Ml  and 
Wasted 

Feet 

cub  vds 

OtB 

Cts 

eta 

Cts 

Cts 

Cts 

cIs 

fiO 

200 

2.8 

4.9 

8.9 

10 

8.6 

7.3 

6.8 

100 

140 

8.4 

6.5 

4.5 

11 

9.5 

8 

6.5 

l.M) 

106 

4.3 

6.5 

6.6 

12 

U 

0 

7J5 

200 

80 

6.4 

7.6 

6.6 

13 

12 

10 

8JS 

800 

60 

7.8 

».« 

8.6 

15 

14 

12 

11 

400 

60 

8.6 

11 

10 

16 

16 

18 

12 

600 

48 

10 

18 

12 

18 

17 

16 

14 

800 

83 

18 

16 

15 

21 

20 

18 

17 

lUOO 

27 

16 

19 

18        •      26 

24 

22 

21 
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UborSl 

per  day  of  10  working  hours. 

1^ 

h 

pi 

Sit 

cts 
2.6 

a5 

4.5 
5.4 
7.5 
9.3 

roml  (KMt 

per  coble  y«rd  In  pUioe,  exoiuaive  of  oontraeter's  profit. 

% 

Light  SoiU 

Heavy  Solli 

Spi-Md 

Wasted 

Pioked  and 
SprMd  1  WMIe4 

Piowed  and 
BfttmBi        WatiBd 

Feet 

less) 
f  Jian  V 

40  J 

50 

76 
100 
l.W 
200 

cub  yds 

220 

140 
100 

80 

54 

42 

oto 

4.6 

6.5 
6.6 
7.6 
9.6 
12. 

€tS 

8.6 

4.5 
6.6 
8.5 
8.6 
11 

CU 

10 

U 
12 
13 
16 
17 

cts 

8.6 

9.5 
11 
12 
14 
16 

Cts 

7 

8 
9 
10 
12 
14 

cts 
5.6 

6JS 

8 

9 
11 
18 

Both  wheeled  and  drag  scrapers  are  made  by  Western  Wheel  Scraper  Go,  Mount 
Pleasant, Iowa;  by  Kilboume  A  Jacobs  Mfg  Go,  Columbus,  Ohio;  by  Fay  Manufactur- 
ing Go,  Elyria,  Ohio,  and  others.  A  niedlum-eized  wheeled  scraper,  weighing  460  lbs, 
and  carrying  .4  cubic  yard,  costs  about  fh>m  960  to  870.  A  dittg  scraper  weighs  about 
lUO  Its,  and  costs  about  814. 


Art.  18.  By  c»r»  and  loeomotiv^,  on  level  track.  We  have  based  our 
calculations  upon  the  following  assumptions :  Trains  of  10  cars,  each  car  containing  I^ 
cubic  yards  of  earth  measured  in  place.  Average  speed  of  trains,  including  starting 
and  stopping,  but  not  standing,  lU  miles  per  hour,  <=-•  5  miles  of  Imd  per  hour.  Labor 
$i.  per  day  of  10  working  hours.  Loosening,  loading  (by  shovelers),  spreading,  wear 
Ac  of  tools,  superintendence,  Ac,  the  same  as  with  carts,  Arts  2,  3,  5,  and  7.  Loss  of 
time  in  each  trip  for  loading,  unloading,  Ac,  9  minutes,  =  .16  hour.  Therefore 
Number  of  trips  per  »  ^  Tl>e  number  (10)  of  hours  in  a  working  day 
day,  per  traiu       /  "*  .16  +  the  number  of  6-mile  lengths  in  the  lead 

Number  of  cubic*)  Number  of  Number  (10)  Number  (1.5)  of  cubic 
yards  in  place,  per  V  =  tiipsperday  X  of  cars  in  a  X  yards  in  place  in  each 
day  peJT  tiiUn    ^       y       per  train     ,      train  sar 

Cost  per  cubic  yard,  in  place  |        o^  ^  .,  t„,n  expenses  +  1  Aiy's  cost  of  track 

for   hauling,    dumping,  and  y  =»  = --=-—- — !— =-. — -. — -i -~, 

retnming  j       Number  of  cubic  yards  in  place  per  day  per  traiu 

One  day**  train  expenses : 

Cost  of  10  curs  @  $100 , , .- flOOO 

"      locomotive ....,....,»..,..» - 3000 

.— ^ — $4000 

One  day's  interest  at  6  per  cent,  on  cost  of  train... $0.67 

Wages  of  engine  drhror  (,who  fires  his  own  engine^ ,     2.U0 

"        foremHU  at  dump 2.00 

'*       3  men  at  dwnp  at  $1 ,.«....., « 3.00 

Fuel , ^ 2.00     ' 

Mater.... '1. 1.00 

Kepairit  of  locomotive  and  cars  ^ ^ «,..■ 2.33 

Total  daily  expense  of  one  tr|un.».~ «....,... ..$13.00 

The  daily  expense  of'.tvaeb«  fgv  int«rest  and  repikirs,  mmy  be  taken  At 
$3  for  each  mile,  or  fraction  of  a  mile,  of  lead. 
Therefore, 
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Coat  par  oaMe  fttrd  In  place.] 
for  biualiDg,  dumping,  and  \ 
returning  j 


Total  cost  per  cubic 
yard  in  place,  ex- 
clusive of  contrac- 
tor's profit 


^  $18.f  (tSfw— th^tteqfleud) 

'  Number      of      Number  (10)      Number  (1.6)  of 
J       tripe  per  day  X  of  cars  in  a  X  cubic  yards  in 
per  train  train  each  car 

CkMt  per  cub  yd  in  Cost  per  cubic  yard,  in  place,  for 
^  place  lor  luttiling,  .  loosening,  loading,  spreading  or 
"  dumping,   ai|d    re-  '*'  wasting,  and  superintendence,  Jkc 

turniug  (Arts  2, 8,  6,  and  7.) 


Br  Can 

AMd  I#*c*iiioiiTe)>    Labor  $1  per 

day  of  10  working  bours. 
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pi 

Ml 
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ToUl  OMt  per  oubie  jmrd,  in  pinee.  etclnalTe  of  eontrsctor's  prvflt. 
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4.1 

14.8 
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1 

14.6 

10        eoo  1    T.s 

16.S     '      16.2     1       15.2 

14. 

20.5 
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Where  large  amounts  of  work  are  to  be  done,  the  steam  exeavator,  la»4 
dredi[e  or  steam  shovel  generally  economizes  time  and  money.  Where  the 
depth  of  cutting  is  less  than  10  ft,  so  much  time  is  lost  in  moving  from  place  to  place 
that  the  excavators  do  not  work  to  advantage.  In  stiff  sojl^  cuttings  may  be  m%de 
about  from  17  to  20  ft  deep  without  changing  the  level  of  the  machine.  For  greater 
depths  in  such  soils  the  work  is  done  in  two  levels,  since  the  bucket  or  dipper  cannot 
reach  so  high.  But  in  sand  and  loose  gravel,  much  deeper  cuts  may  be  made  from  a 
sinsle  level. 

The  excavator  resembles  a  dredging  machine  in  its  appearance  and  operation.  A 
lAr^e  plate-steel  bucket,  like  a  dredging  bucket,  with  a  flat  hinged  bottom,  and  pro- 
vided with  steel  cutting  teeth,  is  forced  into  and  dragged  through  the  earth  by 
steam  power.  It  dumps  its  load,  by  means  of  the  hinged  bottom,  either  into  ears 
for  transportation,  or  upon  the  waste  bank,  as  desired. 

JBach  machine  is  mounted  on  a  car  of  standard  gauge,  which  can  be  coupled  in  an 
ordinary  freight  train.  The  car  is  made  of  wood  or  iron,  as  desired,  and  is  provided 
with  a  locomotive  attachment,  by  which  it  can  be  moved  (h>m  point  to  point  as  the 
work  proceeds.  The  machines  can  be  used  as  wr<^kili||f  or  derrielc  ears. 
B»oh  machine  has  a  water  tank,  liolding  from  800  to  660  gallons,  for  tlie  supply  of 
iU  boiler. 

Before  beginning  to  excavate,  the  end  of  the  car  nearest  the  work  is  lifted  IWmh 
the  track  by  hydraulic  or  screw  jacks,  upon  which  it  reate  w^i4e  woHiiiiK» 

In  stifT  soils  the  excavator  leaves  the  sides  of  the  cut  nearly  vertical ;  and  the  de- 
sired slope  is  afterwards  given  by  pi(^  and  shovel.  When  the  soil  is  hard  or  much 
fix>zen,  it  may  be  loosened  by  bUsting  in  advance  of  the  excavator. 

Steam  excavators  are  made  by  Osgood  Dredge  Ck>.  Albany  NT;  by  John 
Souther  A  Co,  (the  "Otis"  excavator}  Boston  Mass;  by  Vulcan  Iron  Works,  Toledo 
0 ;  by  Industrial  Works,  Bay  City  Mich ;  and  by  Pound  Manufacturing  Co.,  Lock- 
port  N.  Y. 

The  Osgood  is  made  in  two  sizes;  In  No  1  the  car  is  34  ft  X  10ft,  and  its  floor  is  4 
ft  above  the  raits.  It  has  a  four-wheeled  truck  near  each  end.  The  dipper  holds  2 
cubic  yards,  struck  measure.  The  machine  weighs,  complete,  about  4iJ  tons,  and 
costs  about  97500  on  track  at  works  (Albany,  N  T).  In  the  No  2  machine,  tiie  car  is 
28  ft  X 10  ft4  fl<^or  6  ft  above  the  rails.  It  has  two  pairs  of  wheels.  16  ft  apart  from 
center  to  center  of  axles.  The  dipper  holds  lU  cubic  yards,  struck  measure.  The 
dMtohiiie  weighs,  complete,  about  28  tons,  and  oests-aHeut  $6000. 


y  Google 


POST  OF   EABTHWOiOC^  7^^^ 

The  ezcAT»tor  hw  to  be  moved  tbtwar^(^  Ibe  work  adrfntqee)  abt  8  a4tt  a  tiina 
As  regularly  made,  it  c«u  dig  at  a  distance  of  17  tt^  horizuutally,  from  the  center  of 
the  o»r  in  any  direetion,  and  can  damp  12  ft  alwre  tlie  track.  In  eaud  or  gravel  it 
tek««  out,  while  actually  dicging,  ^  dipperfnts  («■  4U  to  tf  cnb  yarde  in  the  dipper^ 
■B  3.76  to  6  cnbic  ynrds  in  piHce)  per  minute;  in  stiflT clay,  2  dipperfnls  per  minnte 
(=  9  te,4  cub  yards  in  the  dipper,  »  2.6  to 3^33  cubic  yards  ia  piace).  An  average 
da^^s  work  (10  hours)  for  a  "Mo  1  **  macliiue,  including  time  lost  iu  moving  the  ma- 
chine, Acjjs  about  500  cubic  yards  in  **  hard-pan,**  and  from  1200  to  1500  in  sand  and 
Srarel.  This  allows  for  the  usual  and  generally  unavoidable  delays  in  having  cars 
ready  for  the  excavator. 

The  excavators  carry  about  80  to  00  Ibe  of  8t«am.  They  bum  from  100  to  160  }bd 
of  good  hard  or  soft  coal  per  hour;  and  require  oo«  eugineer,  eue  fireman,  one 
crHuesman,  and  5  to  10  pitmen,  including  a  boss.  The  pitmen  are  laborers,  who 
attend  to  the  Jacks,  lay  track  for  the  excavator  and  for  the  dump  cars,  assist  in 
naoviag  the  latter,  bring  or  pump  water,  Ac,  Ac. 

After  reaching  the  site  of  the  work,  about  90  minutes  are  required  for  getting  the 
excavator  into  working  ooudition ;  and  an  equal  ieagth  <tf  time,  after  completion 
of  the  work,  in  getting  it  ready  for  transportation. 

The  following  figures  are  taken  tnxa  the  records  of  work  done  by  a  No  1  machine, 
from  May  to  Kov,  1883.  The  material  was  hard  clay  with  pockets  of  sand.  The 
expeuses  per  day  of  12  working  hours,  at  $1.50  per  such  day  for  labor,  were         . 

Tfater  fa  very  high  allowance) $  6.00 

Coal,  1>^  tons  bituminous laOO 

Wages  of  engineer ».. 4.00 

•*      •*  fireman 1.60 

**     ■  craneeman  or  dipper-tender 2.60 

••      "  pit  boss „.. 3.00 

"      <*  8  pUmen  at  $1.60 — « «..    K.OO 

Oil,  waste,  repairs,  Ac  (estimated) 6.00 

Interest  on  cost  ($7500)  of  machine.... 1.26 

$44.25 

Reduced  to  our  standard  of  $1  foriabdr  pel'  da^  of  30  Ireridftg  hours,  this  would 
be  say  $30.00  per  day.  Reduced  to  the  (lame  standard,  and  allowing  for  the  greater 
proportional  loss  of  time  in  stopping  at4>veBlng  and  starting  in  the  morning:  the 
average  daily  quantity  excavated,  measured  in  place,  was,  in  shallow  cuttingr  530 
cubic  yards;  in  deep  cutting,  1200  cubic  yards;  average  of  whole  operation, 800 
cubic  yards.  This  would  make  the  cost,  per  cubic  yard  measured  in  place,  for 
loosening  and  loading  into  cars,  5.07  cts,  2.5  cts,  and  3.75  cts  respectively ;  while  the 
cost  by  ploughing  and  shoveling.  In  strong  heavy  soils,  by  Arts  2  and  3,  is  7.4  cts ;  and 
by  Dicking  and  shoveling,  say  10  cts. 

Ip  tandy  the  No.  1  maohlne  has  dug  and  loaded  as  high  as  100,000  cubic  yards  in 
72  working  days  of  tea  hours  each ;  average  I'tO')  cubic  yardi  per  day ;  at  2  ceota 
per  yard  wheu  reduced  to  our  basi^  of  $1  per  day  for  labor. 
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COST  OP  EARTHWORK. 


Art.  14.    Removifijr  rock   excitVatton   by  wbeelbarrowfi. 

A  caMo  jmVd  of  hard  rnok.  in  place,  or  before  being  blasted,  will  weigh  about  1.8  tons,  if  sandntnne 
«r  eonglomerate,  (160  %»  p«r  «ubie  foot:)  or  H  tons  if  good  onmpain  granite,  gnelea.  limeatnne,  or 
■larble,  (MB  ft*  per  cubia  foot.)  So  that,  near  «Boagh  for  practice  iu  the  ease  before  va.  we  hmv  ai^ 
same  Uie  weight  oi  anj  ot  them  to  he  about  1.9  tons,  or  A»ll  lbs  per  oabie  yard,  ia  {daoe ;  or  l6i  lbs 
per  cubic  foot. 

Now,  a  solid  evMc  jmrdt  wliea  1brok«B  up  by  Uasting  for  renioTal  bj  wheelbarrows 
or  carts,  will  oooqpy  k  space  of  about  1.8,  or  1^  cubic  yards ;  whereas  arerage  earth,  when  loosened, 
« wells  to  but  about  1.2.  or  li  of  its  original  bulk  in  place;  although,  after  being  made  into  embank- 
ment, it  erentuallj  shrinks  into  less  than  its  original  bulk.  In  estimating  for  earth,  it  Is  assumed 
that  ^  cable  yard,  in  place,  is  a  &ir  load  for  *  wheelbarrow.    Suf  h  a  cubic  yard  will  weigh  on  an 

2430 
•rerage  1430  fts,  or  1.00  tons ;  therefore,  -— -  :=  174  lbs,  is  the  weight  of  a  barrow-load,  of  J.S1  cable 

feet  of  loose  earth.    Assuming  that  a  barrow  of  loose  rock  shnnid  weigh  about  the  same  as  one  of 

earth,  we  may  Uke  it  at  ^  of  a  cubic  yard;  which  glres  -— -  =  177  lbs  per  load  of  loose  nek, 

ooeupylng  2  onbio  feet  of  spaeei 

la  the  following  table,  columns  t  and  S  are  prepared  on  the  mm«  principle  as  for  earth,  as  direotcd 
In  Article  10.  Column  4  is  made  up  by  adding  to  each  Mnnunt  in  eolamn  S,  .1  of  a  cent  for  each  lOO 
ftet  length  of  lead,  for  kipping  the  wheelisg-planks  In  order :  and  45  eenu  per  qnbie  yard.  In  plao«, 
M  the  actual  cost  for  looseoing,  including  tools,  drilling,  powder,  k«:  as  well  n»  moderate  drainage, 
And'erery  ordinary  oontingiency  hot  embraced  in  column  3.  Contractor's  profits,  of  course,  are  not 
here  included. 

Ample  experlMMS  shows  that  when  labor  is  at  §1  per  day.  the  foregoing  46  eants  per  onbieyard,  in 

filaoe,  is  a  suffldently  liberal  alTewanoe  for  loosenlns  hard  rock  under  all  ordinary  cirenrostanoeii. 
n  praetioe  it  will  generally  range  between  .10  and  00  cents :  depending  on  the  posltfon  of  the  strata, 
hardness,  toughness,  water,  and  other-  oonsiderationa.  Soft  ahales,  and  otbej*  allied  meke.  tnay  fr«> 
quently  be  loosened  by  pick  an()  plough,  as  low  as  15  to  20  cents ;  while,  on  the  other  hand,  shallow 
cuttings  of  rery  tough  rock,  with  an  unfavorable  position  of  strata,  espedally  in  the  bottoms.of  ex- 
earations,  may  cost  Sl.'oreren  considerably  more.  These,  however,  are  exoeptiooal  csms,  of  oom- 
paratiVely  rare  occurrence.  The  quarrying  of  arer^  hard  rock  reqnlres  about  M  to  W  m  of  powder 
per  cubic  yard.  In  ptooe;  bat  the  nature  of  the  rook,  the  peaiclon  of  the  strala.  ie,  may  inoreiwe  it 
k>ii1b,vr  more.  Soft  rock  fteqaently  requires  more  powder  than  hard.  A  good  efaani-drfller  will 
drill  8  to  10  feet  in  depth,  of  holes  about  'iH  feet  deep,  and  2  inches  diameter,  per  day,  in  average 
hard  rock,  at  from  I'i  to  18  cents  per  foot.    Drillers  receive  higher  wages  than  oonunon  laborers. 

Hard  Rock*  by  Wheelbarrows. 

Labor  |l  per  day,  of  10  working  Uoura. 


Length  of 
Uad.  or  dis- 
tance to 
which  the 
rock  is 
wheeled. 

Number  of 
cubic  yards, 

wheeled  per 
dav  by  each 

Cost  per 
cubic  yard, 

in  place, 

for  l0»diog, 

wheeling, 

and 
emptying. 

Total  cost 
per  cubic 
yard, in 

plBoe,  ex. 

elusive  of 

profit  to 

Mntraotor. 

r^ad.ordis- 

Unoe  to 

which  the 

rook  is 

wheeled. 

Number  of 

wheeled  per 

dav  by  f^h 

barrow. 

Ce«tper 

eubicyard, 

in  place, 

for  loadiag, 

wheeling. 

and 
emptying. 

Total  cost 
I»er  cubic 
Tard,in 

plaoe,  ex* 

duslve  of 
profit  to 

contractor 

Feet. 

Cubic  Yds. 

Cent*. 

Cento. 

Peet. 

OnWcTds. 

Cents. 

Cents* 

25 

12.2 

8.64 

53.7 

600 

2.96 

85.6 

81  .T 

n 

10.7 

9.81 

54.9 

700 

2.62 

40.1 

86.5 

9.58 

11.0 

56.2 

800 

2.84 

44.8 

91.4 

100 

8.60 

12.1 

57.3 

900 

2.12 

49.5 

96.S 

150 

7.26 

14.5 

69.8 

1000 

1.94 

54.1 

101.1 

200 

6.25 

16.8 

62.2 

1200 

1.65 

63.6 

115.0 

250 

5.49 

19.1 

64.6 

1400 

1.44 

72.9 

120.7 

300 

4.89 

21.5 

67.1 

1600 

1.28 

82.3 

130.4 

350 

4.41 

23.8 

69.5 

1800 

1.15 

91.5 

140.1 

400 

4.02 

26.1 

71.9 

2000 

1.04 

100.8 

149.8 

460 

8.69 

38.5 

7t.4 

2200 

.953 

110.2 

159.6 

500 

8.41 

808 

76.8 

2400 

.879 

119.5 

160.3 

Art.  15.    Bemovliiir  rock  excavation  by  car^.    A  cart-load  of 

rock  may  be  Uken  at  -jk  of  a  cubic  yard,  in  plaoe.  This  will  weigh,  on  an  average,  851  lbs :  or  but  41 
9ks  more  than  a  cartload  of  average  soil.  Since  the  cart  itself  will  weigh  about  ^  a  ton.  the  total 
loads  are  very  nearly  equal  in  both  oases.  Columns  2  and  3  of  the  following  table  are  prepared  on  the 
same  principle  as  for  earth,  as  directed  in  Art.  4.  Column  4  is  made  up  by  adding  to  eaoh  amount  in 
column  8.  the  following  items :  For  blasting,  (and  for  everything  except  those  in  column  3 ;  loading, 
and  repairs  of  cart-road,)  45  cents  per  cubic  yard,  in  place ;  for  loading,  8  cenu,  per  cubic  yard,  ia 
place;  and  for  repairs  of  road,  .2,  or  l  of  a  cent  for  each  100-feet  length  of  lead.  Contractor's  profll 
not  included.  ^ 
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Hard  Bock,  by  Carts* 

Labor  $1  per  day,  of  10  working  hoars. 


Length  of 

Namberof 

Cost  per 

Total  eort 
per  enbie 
yard,  in 
place,  ex- 
clasiTO  of 
profit  to 
contractor. 

Length  of 

Namberof 

Cost  per 

Totsl  oost 
per  eubte 
vard,  in 

plane,  es- 

closive  of 
profit  to 

contractor 

Lead,  or  dis- 

eubio yards. 
In  place. 

enbicyard, 
in  place. 

r.«ad.ordi8 

cubic  Tarda, 

Qubicyard, 
in  place,  for 

tance  to 

tance  to 

in  place, 
hauled  per 
day,  by  each 

wbieh  the 
nek  is 

banled  per 
day.tqreaota 

for  banling, 
.  aad 

which  the 
rook  is 

hauling, 
and 

hauled. 

oart. 

emptying. 

banled. 

oart. 

emp^ifig. 

Feet. 

Coble  Yds, 

Cents. 

Cents. 

Feet. 

Cnbie  Yds. 

Cents. 

Cents. 

25 

19.5 

6.51 

69.6 

1800 

6.00 

250 

81.6 

SO 

18.5 

6.77 

S9.9 

1900 

4.80 

26.0 

82.8 

76 

17.8 

7.08 

60.2 

2000 

4.62 

27.1 

84.1 

100 

17.1 

7.2» 

60.6 

2250 

4.21 

20.7 

87.2 

160 

16J> 

7.81 

61.1 

2500 

8.87 

32.8 

90.8 

900 

15.0 

8.83 

61.7 

Mmlle 

8.70 

83.7 

92.0 

aoo 

18.3 

9.87 

68.0 

8000 

8.38 

87.6 

96.6 

400 

12.0 

,  la* 

64.2 

8250 

8.13 

40.1- 

99.6 

600 

10.» 

11.6 

66.6 

8500 

2.92 

42.8 

102  8 

000 

100 

12.5 

66.7 

8750 

2.76 

45.8 

105.8 

700 

9.2S 

13.6 

68.0 

4000 

2.61 

47.9 

108.9 

800 

8.5T 

14.6 

69.2 

4250 

2.47 

60.6 

112.1 

too 

aoo 

15.6 

TO.i 

4500 

2.86 

68.2 

116.2 

KWO 

7.60 

16.7 

71.7 

4760 

?:f5 

8:S 

118.8 

1100 

7.06 

17.7 

72.9 

5000 

121.4 

1700 

6.67 

18.7 

74.1 

Imtle 

2.04 

61.2 

124.8 

laoo 

6.92 

19.8 

16.4 

!t^:: 

f.m 

75.0 

141.2 

1400 

6.00 

90.8 

76.6 

1.41 

8R.8 

157.6 

1600 

6.71 

21.9 

77.9 

IH" 

1.22 

102.6 

174.0 

1600 

6.46 

22.9 

79.1 

2     •• 

1.06 

116.8 

190.4 

iroo 

6.22 

24.0 

80.4 

2H" 

.962 

180.0 

206.8 

**  lAH»9e  rock»»  will  coat  about  30  cts  per  yd  less;  and  even  solid  rock  will 

mmrage  about  10  cts  leMM  than  the  tables. 

Art.  16.  RemOTf nip  rock  exciiTatlofi  by  ears  and  loeomo- 
tlTe«  on  level  track.  Onr  calculations  are  based  upon  tbe  following  assnmptions: 
Trains  of  10  cars,  each  car  contaiuing  1  cubic  yard  of  rock  roeasnred  in  place.  Aver- 
age speed  of  trains,  including  starting  and  stopping,  but  not  standing,  10  miles  i»er 
honr  =  5  miles  of  lead  per  hour.  Labor  $1  per  day  of  10  working  hours.  Lposening, 
46  cts  per  cubic  yard  in  place,  loading,  8  cts  per  cubic  yard  in  place.  Cost  of  track, 
for  interest  and  repairs,  93  per  day  per  mile  of  lead.  The  calculations  are  th^  same,  in 
principle,  as  those  in  Art  13. 

Hard  Bock,  by  Cars  imd  I«4M9oniOtiTe. 

Labor  $1  per  day  of  10  working  hours. 

Length  of  l6ad,  or  distance  to  which  the  rock 

is  hauled « miles         1  8  6  7  10 

Noraber  of  cubic  yaids,  in  place,  hauled  per 

day  by  each  train 2900       1800        800        600        400 

Cost,  per  cubic  yard  in  place,  fbr  hauling, 

dumping,  and  returning ..cents         .6  1.7         8.6         5.7        10.8 

Total  cost,  per  cnbic  yard  in  place,  excIusiTO 

of  contractor's  profit «.cent6     68.0        64.7       6«.6       68.7       63.8 
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TUNNELS. 

Tanuels  for  ratlroAds  should,  if  possible,  be  strfttg^ht.  eape- 
cially  when  there  is  but  a  •iiigl«  trM«k ;  inasiauch  as  collisions  or  other  aceid^nits 
in  ft  tuoDel  would  be  peculiarly  disastrous.  A  tunnel  will  rarely  be  expedient 
before  the  depth  of  cutting  exceeds  60  feet-.  Firm  rock  of  moderate  hardness, 
and  of  a  durable  nature,  is  the  most  AftTOrable  material  for  a  tunnel; 
especially  if  free  from  sprinxSt  and  lyiag  in  horisontal  strata.  In  soft  rock,  or 
in  shalea  (even  if  hard  and  trm  at  first),  or  in  earth,  a  lining  of  hard  brick  or 
masonry  in  eenent,  is  necessary.  A  tunnel  should  bare  a  crade  or  is^i- 
nattoa  in  one  direction,  for  ease  of  future  drainage  and  ventilation.  No 
special  arrangement  is  essential  for  ventilation  either  during  conatructioii, 
or  after,  if  the  length  does.not  exceed  about  1000  fieet;  but  beyond  that,  gen- 
erally during  construction  either  shafts  are  resorted  to,  or  means  provided  for 
forcing  air  into  the  tunnel  through  pipes  from  its  ends.  But  after  tlie  work  is 
finish^,  except  under  peculiar  circumstances,  nothing  of  the  kind  is  neceaaary. 
Shafts  often  draw  air  downwards;  and  frequently,  even  when  aided  by  a  steep, 
uniform  grade,  do  not  secure  ventilation.  The  MontCenis  tunnel  under  the 
Alps,  completed  in  1871,  is  7}4  miles  loqg,  and  has  no  shafts,  although  it  gradea 
.  up  from  each  end,  which  is  tne  most  linfavurable  of  all  conditions  for  ventila- 
tion without  shafts.  It  was  made  so  for  facilitating  drainage.  Ita  ventilation 
is  maintained  by  air  forced  in  from  the  ends.  The  Hoosac  tnnnel,  Mass,  4J^ 
miles  long, has  shafts :  one  of  them  1030  feet  deep:  but  they  were  for  expediting 
tlie  work.  Shafts  gr^v^i^Hy  eo^  from  l^to  3  times  as  much  per  cubic 
yard  as  the  main  tunnel,  owing  to  the  greater  oimculty  of  excavating  and  re- 
moving the  material,  and  getting  rid  of  the  water,  all  of  which  must  \ie  done 

byhoisting.    Whe      '         ^    '  •     - »  __  .^ 

and  the  lining  mu 

ftrst  be  built  otter 

uiilly;  see  page  65 

100  8<)Mare  fe«t.    T 

creasing  the  numb  , 

close  together,  tin 

tunnels,  while  beii 

after  the  work  haa 

where  they  were  n 


or  pa8sagt*-way,  5  c 
a  short  dis ' 


distance  (1 
terlal)  in  advance 
topof  the  tunnal, 
blasting;  hut  in  et 
that  being  the  moi 
size,  by  undermini 
of  the  beading^  a: 
caving  in  before  tli 

oai  rough  timber  p.        ^ ^ , 

and  the  earth  rough  boards  are  placed  to  form  temporary  supporting  sides  and 
ceiling  to  tlie  excavation.  The;  props  and  caps  are  placed  first ;  and  the  boards 
are  then  driven  in  between  them  and  the  eartheu  sides  of  the  excavation. 
These  are  gradually  removed  bm  the  lining  is  carried  forward.  The  Itningr, 
when  of  hc(ck,ia  usually  from  2  to  3  bricks  thick  (17  to  26  inches)  at  bottom, 
and  from  1}4  ^^  ^l^  bricks  thick  at  top;  and  when  of  rough  rubble  in  cement, 
about  half  again  as  tliiek.  It  is  important  that  the  bricks  or  stone  should  be 
of  excellent  hard  quality,  and  laid  in  good  cement.  The  bricks  should  be 
moulded  to  the  shape  of  the  arch.  As  the  lining  Is  finished  in  short  lengths, 
and  before  the  centers  are  removed,  any  eairltles  or  voids  between  it  and 
the  earth  should  be  carefully  and  compactly  filled  up.  Even  in  rock,  if  much 
fissured,  or  if  not  of  durable  character,  as  common  shale,  lining  is  necessary. 
The  eross-sectton  of  a  single-track  railroad  tunnel,  in  the  clear  of  every- 
thing, and  for  cars  of  11  feet  extreme  width,  should  not  be  less  than  about  15 
feet  wide,  by  18  feet  hijfh ;  nor  a  double-track  one,  less  than  27  feet  wide,  by  24 
feet  high ;  unless  in  the  last  case  the  material  is  firm  rock,  in  which  a  high  arch 
is  not  necessary  for  lining.  The  roof  may  then  be  much  flatter,  so  that  a  height 
of  20  feet  may  answer.  With  cars  of  10  feet  extreme  width,  the  width  of  the 
tunnel  may  he  reduced  to  25  feet ;  or  with  9  feet  cars,  to  23  feet  Many  have 
been  made  22  feet.  The  Mont  Cenis  is  26  feet  wide,  by  25  hieh.  The  rate  of. 
aaily  proirress  from  each  face  of  a  tunnel  varies  from  18  incliesto  9  feet  of 
ength  per  24  hours,  with  three  relays  of  workmen.   On  the  Moni  Cenis  the  ex« 
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iremes  were  about  4  to  9  feet  daily  for  a  whole  year,  from  eacli  face.  Drills 
worked  by  coiupreaaed  air  were  employed  in  the  headings,  which  were  12  feet 
wide  by  8  feet  high.  Ordinarily,  from  1^^  to  3  feet  may  be  taken  as  averages. 
The  difference  of  rate  of  progrens  between  a  single  and  a  double  track  tunnel 
is  not  so  great  as  might  be  supposed  ;  inasmucli  as  a  larger  force  can  be  em- 
ployed on  the  wider  one.  If  the  tuunei  is  in  earth,  the  construction  of  the 
lining  about  makes  up  for  the  slower  excsTation  of  one  in  rock.  In  rock,  with 
labor  at  $1  per  day,  tlie  cost  will  usually  vary  with  the  character  of  the  rock, 
from  $2  to  $5  per  cubic  vard  for  the  main  tunnel;  and  from  $3  to  $10  for  the 
heading ;  while  shafts  will  average  about  50  per  cent,  more  than  heading.  The 
cost  of  a  single-track  tunnel,  when  common  labor  is  $1  perday^,  will  generally 
range  between  $30  and  $76  per  foot  of  length.  Tunnel  work,  however,  is  liable 
to  serious  contingencies  which  cannot  be  foreseen.  Since  the  sides  ana  roof  are 
rough  as  blasted,  the  width  and  height  should  each  be  estimated  to  the  con- 
tractor as  about  18  inches  or  2  feet  greater  than  the  established  clear  ones.  At 
any  rate,  the  mode  of  measurement  should  be  clearly  stated  in  the  specificatious 
for  tli,e  work.  When  a  tunnel  is  made  with  a  uniform  grade,  the  work  gen- 
erallv  progresses  in  a  more  satisfactory  manner  from  the  lofrer  end.  because 
the  descent  favors  the  drainage  of  the  spring  water  that  is  usually  met  with; 
whereto,  at  the  upper  end,  it  must  be  removed  by'pumps  or  by  bailing.  The 
upper  end  has,  however,  the  advantage  of  sooner  getting  rid  of  the  smoke  in 
blaating.  Bt'f»re  commencing  a  tunnel,  or  even  deciding  upon  one,  trial 
■1iaft«  should  be  sunk  to  ascertain  the  nature  of  the  material.  In  long  ones, 
the  greatest  care  and  accuracy  are  necessary  for  preserving  the  line  of  direc- 
tion, so  that  the  work  from  both  ends  shall  meet  properlv  at  the  center. 

In  the  heading  of  the  Yosburg  (Pa)  tunnel  of  the  Lehigh  Valley  R  R,  built 
1884,  cross-section  7^  feet  X  26  feet,  the  AverMe  pron^ress  per  working 
day  of  24  hours  with  two  shifta  of  12  hours  each,  was  as  follows ;  by  hand 
drilling  2.8  feet  and  2.4  feet  respectively  from^ch  end;  by  machine  drills 
(two  rival  drills  in  competition)  5.6  feet  and  7.8  feet.  The  material  was  hard 
gray  sandstone.    For  the  whole  tunnel  the  rate  was  about  2  feet  per  da  v. 

For  further  information  respecting  tunnels,  the  reader  is  referred  to  Mr. 
H.  S.  Drinker's  verv  full  treatise  on  the  subject,  published  by  the  Messrs  Wilef . 

For  Stoao  bridires  and  enlwertm,  see  pp  693,  Ac 

For  Trasses,  see  pp  547,  Ac. 
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FW«  1,  2,  8,  8,  6, 7,  are  el^^watlons  of  trestles  ;  tyken  ncnn  «^«  <«Slf  J 
roadway.    We  may  consider  Fig  I  as  adapted  to  a  height  of  about  10  to  »  ft.  Fig-  « 
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and  3,  to  lieights  from  20  to  30 ft ;  Fig  5,  from  30  to  44)  ft;  Ftg  ft,  from  40  to  60  ft.  nl 
rough  approxiuiAtioBS  merely.  A  siogte  fmniework,  nnch  ais  that  shown  lu  *^ch  of 
thme  six  ffgnres,  is  called  »  "bent.^  Tliese  benu  of  course  admit  of  mauy  iiitMlifi- 
catioiM.  They  are  nsiially  supported  by  bttse*  of  mafloury,  aa  in  the  figares.  These 
presenre  the  lower  timbers  fW>m  contact  with  tlie  enrtb,  which  wonbl  hasten  their 
decay.  It  is  ttdTiaable  to  make  thsse  bases  high  e»ougfa  to  prevent  injury  from  cattle, 
or  paisslDg  Tsliicles;  Ac.  Up  to  heights  ot  abont  40  or  M)  ft,  a  single  row  of  posts  or  ap- 
rights^o,  a,  a,  Figs  1  to  9,  as  shown  at  e«  under  Figs  1  and  0,  will  answer.  Bat  as  the 
height  becomes  greater,  more  posts  should  be  introdaced,  as  shown  at  x  x  under  Fig 
6;  or  two  entire  rows  of  them ;  or  three  rows,  as  nnder  Pig  7 ;  and  as  also  in  Fig  8, 
which  is  an  end  TieW  of  Fig  7.  Figs  7  and  8  bear  mnch  resemblance  to  the  trestles 
190  ft  high,  with  masonry  bases  3if  ft  high  (S.  Seymour,  C.  B.),  which  carried  the 
Sne  Rway  (now  the  N  Y,  Lake  Brie  A  West'n  R  R)  over  tlie  Oenesee  River  at 
Pertngrr^  If  T.  There  each  bent  luid  *i1  posts  14  ins  square,  at  its  hnae;  and  15 
posts  of  12  X 12,  at  its  top.  The  other  timbers  wers  *X  12;  many  of  them  were  in 
pairs,  embrncing  the  posts.  This  single-track  Tiadnct  was  begun  Jnly  1, 1861,  and 
completed  Ang.  14, 1862.  It  oont«iued  1,602,000  ft  (B  M)  <»f  timber,  and  108,862  lbs 
of  iron.  In  the  Ibandations  were  9*200  cnb  yds  of  masonry.  The  entire  cost  was 
about  tl40,000.  It  whs  burned  down  in  181^,  and  was  replaced,  in  less  than  3  mos, 
with  »  single-track  TtoHact  of  wr#tl|rllt*f  ron  trmstlen^  (described  below) 
contitining,  in  all,  1,340,000  lbs  of  iron,  and  130,000  ft  (B  Bf )  of  timber;  and  costing, 
complete,  abote  the  masonry,  alHNit  106,000.  Frequently  the  posts  of  trestles  are  in 
pairs;  and  tlie  other  timbers  {wss  between ;  all  bolted  t^igetlier. 

In  Fig  4,  the  posts  «,  «i,  a,  are  end  Tiews  of  three  treetles  or  bents,  s»ch  as  Fig  3; 
and  1 1  are  diag  braces  extending  fWrni  trestle  to  trestle :  the  two  outer. <mes  inclining 
in  one  direction ;  and  tl»e  centnil  one  crossing  tliem.  These  may  be  placed  either 
intermediate  of  the  pests, as  in  Fig: 9;  with  the  beads  of  the  two  onter  ones  amfined 
to  the  cap  c  c  of  one  trestle ;  and  their  feet  to  the  sill  y  y  of  the  next  one ;  or  they 
may  all  be  spiked  or  lM>lted  to  tlie  posts  theniselTes.  as  in  Fig  4.  The  last  is  the  best, 
as  it  serves  also  directly  to  stiffHn  the  posts:  as  do  also  the  braces  0o,nn^  Fig  2. 
Such  bracing  is  too  frequently  omitted.  Daring  the  passage  of  trains,  the  backward 
prt^sure  of  the  steam,  exerted  through  the  driving  wheels  against  the  track,  pro- 
duces a  serions  strain  lengthwise  of  the  road,  and  tending  to  upset  the  trestles ;  and 
the  sudden  application  of  bmkes  to  a  mewing  tral*)  prodocM  a  silniiar  strain  in  the 


opposite  direction.  These  stmins  become  more dangei-oiiJi  as  the  JHisereases.  Htnce 
the  need  for  snch  braces.  Usually  the  outer  posts  may  lean  1.5  to  2.5  ins  to  a  ft. 
The  posts  should  not  be  less  than  aliont  12  Ins  square,  except  in  quite  low  trestles ; 


and  even  tlien  not  less  than  about  10  X  ^0-  Tl»e  diag  bracing  may  generally  be  about 
as  wide  us  the  pdsts;  and  half  as  thick.  The  disit  apart  of  the  bents,  when  the  road- 
way is  supported  by  simple  loi^tndiual  beams,  should  not  exceed  10  or  12  ft,  for 
rallruuds.  But  if  these  b««m8  receive  support  from  braces  beneath*  like  ««,  Fig  8 :  or 
from  iron  truss  rods,  as  at  Hg  52,  page  614,  the  dist  may  be  extended  to  16  or  20  or 
more  ft.  But  when  the  trestles  beconib  very  high,  and  contain  a  great  deal  of  tim- 
ber, it  becomes  cheaper  to  place  tlieui  farther  a})art,  say  30  to  60  ft;  and  to  carry 
the  railway  upon  regular  fi-ame<I  trusses,  as  at  ««#,  Figs  7  and  8 ;  as  in  a  bridge  with 
stone  piers.    In  the  Oenesee  viaduct,  the  trestles  were  60  ft  apart,  center  to  center. 

When  such  a  trestle  as  Fig  8  becomta  very  narrow  in  proportion  to  its  height,  we 
may  add  to  its  stability  by  lutroducing  beaias  w,  extending  from  trestle  to  trestle ; 
and  still  further  by  inserting  diag  braces  v  r,  as  in  the  old  Genesee  viaduct. 

Vigm  62,  p  eiS,  ='  Trusses,''  will  show  how  the  timbers  may  be  joined.  In  de- 
signiDg  trestles,  (m  ia  «o«dn  bridges,)  It  is  sdrisable,  as  far  as  practicable.  t6  arrange  the  pieces 
*^i??'  *"'  ***'®  ■■^  '*  renioTcd  If  it  becomes  decayed ;  and  another  put  ia  Its  place.  Ow  coavm, 
addtttooHl  strength  should  be  gtren  on  the  convex  side ;  as  fnggested  by  the  dotted  Itnea  In  Pig  5. 
On  rery  high  tresUea  eapedaUy,  las  well  as  oo  bridges.)  wbeel-goards,  g§,  rig  10,  either  instd*  or 
outside  or  the  rails.  shoaM  B«iper  be  oinltted.  as  is  oomoionlj  don*. 

In  marslty  sn-onnd,  piles  may  be  driven  to  support  the  trestles;  or  may  be  left  so 
fur  above  ground,  as  themselves  to  constitnte  the  posts.  Snch  trestles  may  often  l»e 
used  ailvuiitageonslf ,  oven  when  to  be  afterward  Itlled  in  by  einbkt.  They  then  siis- 
^"im  "'•  "^''^  *'  their  proper  level  until  the  embkt  has  reached  its  final  settlement. 

rli^  are  generally  used  to  avoid  the  expense  of  onibkt ;  especially  when  earth  can 
only  be  obtained  from  a  great  dist.  Even  when  earth  and  timber  are  equally  con- 
T'"®*"i.*^*y  ^''*'*  rarely  much  exceed  about  half  the  cost  of  embkt;  even  when  but 
HDout  30  ft  high ;  but  owing  to  tlieir  liability  to  decay,  they  should  be  resorted  to 
only  in  case  of  necessity ;  or  as  a  temporary  expedient. 

ft  l<I^'?»nn!?f!^\  ^'  ••**  Crnmlln  double-trutk  iron  viadoct^n  EnglBnd,1600 
i^icremSZd  ?  ?i^  "'r^.  *■*  "^^  ^^  ^^  ***|f*» ;  60  by  27  ft  at  ba« ;  30  by  18  at  top ; 
?"~°  composed  of  14  cast-iron  costs,  arranged  aa  a  lonir  t^Av«(»^n«  «^i.  ««.♦  i^iJ[  * 
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The  n«w  Portage  Tladact.  referred  to  Abore,  cousi^ta  u(  iron  PnUt 
troMM,  resting  upon  six  towers.    Fig  11  is  a  longitmiinal  Tiew,  and  Fjg  12  »  tran» 
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Tei-se  view,  of  one  of  the  tftlleet  towers,  203  ft  8 

ius  bigli  from  top  uf  masonry  to  track  rail,  and 

weigliing  285,000  lbs.    Kach  tower  consists  of  2 

bents  B  B,  Fig  11.    Kach  b^nt  has  tw«  wroaght- 

iron  columns  CC,  Pig  12,  iadf fling  toward  each 

other  with  a  batter  of  1  in  8.    They  are  20  ft 

apart  nt  top,  and,  in  the  tallest  tower,  60  ft<^  ins 

between  centers,  at  t>ase.    The  two  bents  of  a 

tower  are  50  ft  apart,  and  are  connected  with 

eacli  other  by  horlongitndinal  stmts  8,  Fig  11, 

and  diag  tie-rods  R.   The  spans  beiween 

towers  vary  from  50  to  118  ft. 
The  COlamns  are  pnt  together  in  lengths 

of  26  ft.    Figs  13, 14,  and  16  show  the  upper  end 

of  one  of  these  lengths.    Fig  13  is  an  elevation, 

seen  from  between  tlie  feet  of  a  bent.  Fig  14  a 

cross  section,  and  Fig  15  a  side  view.    Bach  col 

is  composed  of  thre«  plates,  P  P  P,  and  4  angto* 

bars  4  X  4  X  ^  inch,  as  shown.    In  the  tallest 

towers,  the  2'opposite  ride  plates  are  15  ins  wide, 

and  from  ^  to  ^  inch  thick ;  their  thickness 

increasing  with  their  di(«t  from  the  top  of  the 

tower.    The  third,  or  back,  plate  is  17  ios  X  % 

inch  thronghoHt.    The  fonrth  side,  L,  has  only  a  ligHEag  lacing,  ZZ  Z,  Vig  13,  of 

flat  bars,  so  that  tlie  interior  of  tite  col  is  accessible  for  painting. 
At  the  npper  end  U  of  each  25-ft  length,  are  riveted  two  small  iron  plates 
pp.  forming  a  tenon.    The  foot  of  the  next  length  fits  over  this 
tenon,  and  is  confined  to  it  bv  a  turned  irun  pin,  1^  ins  diauif 
passing  through  carefully  bored  holes.  To  this  pin,  the  longitudintU 
diag  ro«l.s,  R,  Fig  11,  IW  ius  diam,  are  atta^thetL    The  longritatU 
liial  horstrats,S,FigU,are  light  lat  ticed  girders  of  uuifoim 
width  (1  ft)  and  depth  (2  ft).    They  almt  against  the  sides  of  the 
columns,  and  are  bolted  to  lugs  of  angle  iron,  riveted  to  them. 
They  am  connected  with  the  corresponding  tranxverse  struts,  S,  Fig 
12.  by  hor  diag  angle-bars  fastened  toeacli  strut  10  ft  from  its  end. 
The  irmasverse  struts  are  of  different  de- 
signs, depending  upon  their  lengths.  At  their  ends 
they  are  held  by  pins  passing  through  holes  o,  Fig 
15,  in  the  side  plates  of  tlie  columns.    Tliesej)ins 
also  bold  the  1^  inch  diag  rods,  R,  Fig  12.    Each 
of  the  lowest  three  transverse  stmts  is  in  two 
lengtlis,  aiiil  is  supported  by  an  intermediate 
vert  post,  I,  Fig  12.  shown  in  cross  section  by 
Fig  16;  and  each  of  the  lowest  two  is  connected 
.  with  tlie  corresponding  strut  in  the  other  bt^nt  of    1 
the  same  tower  by  a  longitudinal  strut  and  hor    ] 
diag  nids. 

TliH  ools  rest  upon  east-lron  pedestals. 
£ach  itedestal  is  tenoned  into  the  foot  of  itd  col. 
The  pedestals  on  the  north  side  of  the  bridge  are 
doweled  to  east-iron  plates  built  into  the  masonry. 
Those  on  the  south  side  are  on  rollers,  rolling  at 
right  angles  to  the  axis  of  the  bridge.  The  two 
IMidestals  of  each  bent  are  connected  with  each 
other,  and  held  in  position,  by  eye-bars,  which 
prevent  them  from  spreading;  and  by  stmts, 
which  prevent  them  from  coming  together  when 
the  diags  are  screwed  up.  V  V,  Fig  12,  are  an- 
chor rodf»,  bolted  to  the  masonry,  and  attached  to 
the  columns  at  such  a  lit  as  not  to  interfere  with 
tho  hor  expansion  of  the  tower. 
Cast-tron  eaps  are  tenonsd  and  bolted  into  the  tops  of  the  cols. 

rest  the  ends  of  the  upper  chords  of  two  trusses,  as  shown  in  Fig  11. 
One  end  of  each  long-span  truss  is  bolted  to  the  cap  of  a  col.    The  other  end  rests 

ap«»n  rollers  on  the  cap  of  the  nsxt  ool,  but  is  connected  with  the  fixed  end  of  the 

adjoining  truss  by  iron  loops  which  pass  over  the  end  pins  of  both  tmssee,  and  allow 

only  sufficient  motion  for  contraction  and  expansion.    The  short  spans  over  the 

towers  are  bolted  to  the  caps  at  both  ends,  but  those  bettcten  the  towers  are  arrange 
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like  the  long  spans.  Where  tlie  ends  of  a  long,  and  of  a  short,  ^»an  rest  upou  ihm 
same  cap,  they  are  placed  respectively  8  aiid  6  ins  from  its  center,  so  that  their  cen- 
ter of  pressure  coiucides  with  the  center  of  cross  sectitni  of  the  col. 

The  towers  are  made  strong  enough  for  a  double-track  road ;  and  the  truest^  are 
so  arranged  that  they  can  be  placed  closer  together,  and  additional  trusses  placed 
alongside  of  them ;  so  tiiat  the  triMlK  can  be  doubled  at  any  time. 

The  bridge  is  so  designed  that  the  iri*«i^t«»*  eompressiVe  strain  per  sq 
inch  that  can  come  upon  a  ool,  under  a  double-track  bridge  and  load,  is  6600  lbs; 
and  the  H^reatest  tensile  strain  per  sq  inch  on  a  diag,  15,000  lbs.  The 
greatest  weight  on  the  foot  of  any  one  col  will  be  357,600  lbs,  or  155  lbs  per  sq  inch 
of  the  4  ft  sq  pedestal-stone. 

The  lowest  section  of  a  tower  was  first  erected  by  means  of  a  wooden  framework 
on  a  fl(K)ring  resting  on  the  stone  piers.  A  gin^pole  55  ft  high  was  then  lashed  to 
each  col,  and  by  means  of  these  poles  the  flooring  and  framework  were  nused  to  the 
tops. of  the  columns,  and  used  in  placing  the  second  section  ii^  position  on  top  of  the 
first.  This  process  was  repeated  until  th«  tower  attained  its  full  height.  One  of  the 
tallest  towers  was  erected  in  ll  days. 

Tb«  KInxna  Vtsdnctt  on  the  Bradfi>rd  branch  of  the  New  York,  Lake  Eri? 
A  Western  E.  R.  in  McKenn  Oonnty,  Penna.,  is  single  track,  2052  feet  long,  and  its 
great(>8t  height  Is  285  feet  from  the  top  of  the  inasoiiry  piers  to  the  track-rails. 

There  are  21  spans  of  61  ft  each,  placed  between  20  towers ;  and  20  spans  of  38^ 
ft  each,  over  the  towers.  The  towers  are  similar,  in  general  arrangement,  to  those 
of  the  Portage  Tiaduct,  Above  described.  The  bents  are  10  ft  wide  at  top,  and  103  ft 
at  the  feet  of  the  tallest  towers,  which  are  278  ft  high.  The  2  bents  of  a  tower  are 
881^  ft  apart.  The  legs  are  of  Phoenix  Iron  Co's  4-6egment  columns,  pattern  C,  p 
410, 7^  ins  inner  diam,  and  fh)m  4  to  |-|  in  thick.  They  are  made  up  of  lengths  of 
about  iSS  ft,  which  are  held  in  place,  one  on  top  of  another,  by  plain  cylindrical 
wrought-iron  tubes  about  14  ins  long,  and  of  isn<^  diam  that  they  just  fit  inside  of 
the  cols.  The  abutting  ends  of  two  column-lengths  slide  over  such  a  tube,  and  meet 
at  the  middle  of  its  length.  The  tube  is  held  in  place  by  4  bolts,  which  pass  through 
the  column  from  side  to  side,  two  of  them  being  at  right  angles  to  the  other  two. 
These  bolts  hold  in  place  the  longitudinal  and  tninsverse  hor  braces,  most  of  which 
are  lattice-girders,  spaced  about  30  ft  apart  vertically. 

The  cols  rest  upon  smooth  iron  plates,  which  allow  a  sliding  movement  of  1  inch 
transversely,  and  .38  inch  lengthwise,  of  the  roadway.  Each  plate  is  bolted,  by  two 
1^-inch  bolts,  from  9  to  12  ft  long,  to  a  square,  pyraniidal  masonry  pier,  from  10  to 
13  ft  deep,  8  ft  square  at  bottom  and  4  ft  square  nt  top. 

The  Qols  have  cast-Iron  caps,  to  which  the  ends  of  the  lower  chords  of  the  38^ ft 
spans  are  firmly  bolted,  and  on  which  those  of  the  61-ft  spans  rest.  Tlie  latter  are 
bolted  to  the  shorter  spans  through  oval  bolt-holes,  which  allow  .17  inch  play,  longi- 
tudinally, for  expansion  and  contraction. 

The  greatest  compression  on  a  col  is  8000  lbs  per  sq  in.    The  ult  load, 
by  U  8  Govt  experiments  at  Watertown  Arsenal,  is  35,000  lbs  per  sq  in. 
.  The  greatest  tension  on  the  diags  is  15,000  lbs  per  sq  in. 

The  heaviest  column  weighs  about  500O  lbs.  The  entire  stmctume, 
3,500,000  Ujs.  It  cost  $275,000,  and  was  bnilt  by  a  gang  averaging  125 
men,  aided  by  2  steam-hoisters  and  a  traveling  crane.  Clarke,  Reeves 
Sc  (3o,  Phlla,  builders ;  now  (1886)  Phoenix  Bridge  Co. 

Mode  of  erection*  At  each  of  the  four  corners  of  the  site  for  a 
tower  a  mast  60  ft  long  was  set  up.  These  were  guyed  with  ropes,  and 
by  means  of  them  the  4  columns  about  33  ft  long,  forming  the  lowest 
story  of  a  tower,  were  erected  and  braced  together.  The  masts  were  thtn 
raiswd  about  30  ft,  and  clamped  one  to  each  of  the  columns,  and  used  for 
raising  the  second  story  into  position  on  top  of  the  first,  and  so  on,except 
for  the  top  story,  which  was  bolted  together  on  the  ground,  in  two  pieces, 
and  hoisted  into  position  by  the  travelling  crane. 

Terriijras  Tladncty  near  Lima,  Peru,  575  ft  long,  253  ft  high^  car- 
rying the  Oioya  R  R  (single  track)  over  the  Agua  de  Verrugas.  Built  by 
the  late  BRltimore  Bridge  Co,  Chas.  H.  Latrobe,  Engr,  in  less  than  four 
Fig.  17  months  in  1872.  It  contains  1,325,000  lbs  of  iron,  and  cost  $165,000. 
There  are  four  Fink  truss  spans,  three  of  100  ft,  and  one  of  125  ft.  They 
rest  on  3  towers.  Each  tower  consists  of  three  parallel  bents,  25  ft  apart,  and  each 
lieiit  lias  four  columns,  arninged  as  in  Fig  17.  The  bents  are  15  ft  wide  at  top  and 
the  outer  columns  of  each  bent  batter  1  in  12.  The  columns  are  all  of  the  Phoenix 
segment  pattern.  Tlie  two  outer  ones  of  each  bent  have  six  segments  each,  dmm 
llVi  ins,  area  of  cross  section,  20  sq  ins.  The  inner  ones  have  four  segments  each, 
<Ji«n  8  ins,  area  18  sq  ins.  The  columns  are  put  together  in  lengths  of  23^  ft, 
which  are  Joined  by  cast-iron  couplings.  The  hor  braces  extending  from  col  to  ool 
are  about  25  ft  apart  vert. 
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BAIAAAT. 
Table  of  enble  yards  of  ballast  p«r  mile  of  road. 

Side-slope  of  the  ballast  1  to  1.  Width  in  clear  between  2  tracks  6  ft.  The  ties 
and  rails  may  be  laid  llrst,  fur  carrying  the  ballast  along  the  line;  then  raised  a 
few  ft  of  length  at  a  time,  and  the  ballast  placed  under  them.  Deduct  for  ties* 
as  below. 


lOf. 

Top  width, 
BofOLB  Track. 

Top  WIDTH, 
DocBiB  Track. 

10  Pt. 

11  Pt. 

12  Pt. 

31  Pt. 

33  Ft. 

IS  Pt. 

1» 

18 
U 
80 

Cub.  Y. 
3153 
S)74 
4«»4 
«ill 

Oub.  T. 

3847 
3887 
&06& 
8800 

Cub.  Y. 

354t 

S968 

7087 

Cub.  Y. 
4308 
8800 

8098 
11490 

Cob.  Y. 
4499 

889i 
9388 
11080 

Cub.Y. 
4866 

7188 
9780 
13470 

A  man  can  break  3  to  4  enbic  yards  per  day,  of  hard  quarried  stone  to  a  ili&e 
suitable  for  ballast:  say  aTeniging  cubts  of  3  inches  on  an  edge.  Where 'othe* 
ballast  cannot  be  had,  hard-burnt  clay  is  a  goo'I  substitute.  Th«t  slag  from  iron 
furnaces  U  excellent.  The  ties  decay  more  rapidly  when  gravel  or  sand  is  uped 
iiisteafl  of  broken  stone,  because  these  do  not  drain  off  the  rain,  but  keep  the  lies 
damp  longer,    for  f tome  orasberay  see  p.  680. 


Artngt, 

Average 

Ywrt. 

Y«»rf. 

Y«u*, 

Y«rT 

6  to  12 

7 

White  Oak. 

6  to  12 

7 

Ctol6 

0 

Spruce  Fine, 

^    4to   7 

6 

3to   8 

•      * 

TIES. 

In  the  United  States  the  life  of  a  tie  is  about  as  follows: 

Chestnut, 
Cedar, 
Hemlock, 
As  shown  by  table,  Art  3,p  815,  the  annual  expense  Ibr  renewal  of  ties* 

in  the  U.  8.  alone,  is  about  ten  millions  of  doliani. 

The  Penna  II  R,  in  1883,  used  675,000  ties  in  constniction  on  its  main  line 
and  branches  (=  2552  miles  of  single  track)  and  779.000  ties  in  repairs. 

It  will  often,  especially  in  the  case  of  the  softer  and  more  )»eri6hable  woods,  be 
true  economy  to  presenre  ties  by  the  injection  of  creosote.  See  p  425.  Creosote 
preserves  the  ftpiket. 

The  writer  believes  that  most  of  the  fkult  usually  ascribed  to  cross-ties,  as  well  at 
to  rail-Joints,  is  in  reality  due  to  imperfect  drainage  of  the  roadbed.  Hence,  he  does 
not  agree  with  those  who  advocate  vkkt  long  tiks;  but  considers  that  with  good 
Imllnst,  on  a  well-drained  roadbed,  8^ft  is  as  ts(xA  as  more;  and  that  8U  ft,  by  9 
ins,  by  7  ins;  and  2V^  ft  apart  from  center  to  center,  is  sufficient  for  the  heaviest 
traffic.  On  many  important  roads  they  are  but  8  ft;  and  on  some  only  l^C  ft  long ; 
track  4  ft  %%.  On  narrow-gauge  roads  the  ties  are  generally  from  0  to  f  ft  long. 
Ttie  actual  cost  ov  cuttihg  dowh  thb  trees,  lopping  off*  the  branches,  and  hewing 
the  ties  ready  for  hauling  away  to  be  laid,  is  about  6  to  9  cts  per  tie,  at  $1.75  per 
day  per  hewer. 

The  narrow  bases  of  rails  resting  immediately  on  the  cross-ties,  without  chairs, 
frequently  produce  in  time  such  an  amount  of  crushing  in  the  ties  as  to  injure  them 
materially  even  before  decay  begins.  Bumetised  ties  rust  the  spikes  away  rapidly. 
Creoeoted  ones  preserve  them. 

Croee-tteft  of  %"%  feet,  by  9  inches,  by  7  inches,  contain  8.719  cubic  feet  each ; 
and  if  placed  2^  feet  apart  from  center  to  center,  there  will  be  2112  of  them  per 
mile,  amounting  to  291  cubic  yards.  Therefore,  if  they  are  completely  embedded 
in  thH  ballast,  Uiey  will  dimi  isli  its  quimtity  by  that  amount.  At  2  f  et  apart  there 
will  l>o  2640  of  them,  occupying  364  cubic  yards ;  and  at  8  f  et  apai  t,  1760  of  them ; 
243  cubic  yards. 
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Dimensiona. 

Dimensions. 

Ft    Ids.    Ins. 

Cub.  Ft 

Ft.   Inf.    Ins. 

Cub.  Ft. 

8     by  8  by  6 

2.667 

8U  by  10  by  7 

4.182 

8          9       6 

3.000 

8U       10       8 

4.722 

8          9       7 

3.600 

8U       12       8 

6.667 

8         10       6 

3.33S 

9            8       0 

8.000 

8         10       7 

8.889 

0            9       6 

3.375 

8         10       8 

4.444 

9            9       7 

8.938 

8         12       8 

633$ 

9          10       6 

3.750 

8U       8       • 

2.833 

9          10       7 

4.376 

8U       9       • 

3.1J«8 

9          10       8 

6.000 

8Vi       9       7 

3719 

9          12       8 

6.000 

SJi     10       6 

3.64a 

B— gcpwr  ateel  tlc««  furnished  by  International  Railway  Tie  Co ,  office  2UI 
Washington  Street,  Boston,  Mass.,  and  laid  in  the  Boston  A  Maine  Bailroad,  near 
Boston,  in  July,  1886,  under  very  heavy  traffic,  haire  so  for  ^veu  entire  satisfaction. 

RAILS. 

Tons  (2240  lbs.)  ©r  raU        .  .  ^  weight  of  rail     /.^-ct^ 
per  mile  of  single  tnu*  ""  Y  ^  in  ka  per  yarji.  ^^^^^ 
Every  sq  inch  of  sectional  area  of  rail,  corresponds  to  10  lbs  per  yard  of  a  single 
rail ;  or  to  15.7143  tons  per  mile  of  single-track  road.    Consequently, 

Wt  in  tons  per  mile 
Wt  in  lbs  per  yd  of  rail,  of  single-tnick  Area  of  rail 

_  or  ^^       15J143  =*     in  eq  ins. 

Thus,  a  rail  of  100  tons  per  mile  of  single  track,  will  have  a  section  of  6.364  sq 
ins ;  ami  will  weigh  63.64  S>s  per  yd  of  single  rail.  Add  for  turnouts,  sidings,  road- 
crossings,  and  a  trifle  fur  waste  in  cutting.  When  the  ties  are  in  place,  and  the  rails 
distributed  in  piles  at  shoi-t  intervals,  a  gang  of  6  men  can  lay  ^  a  mile  of  rails  per 
day,  of  single  track ;  or  after  the  ballast  is  in  place,  a  gang  of  15  men  will  lay  about 
9Be  mib  of  ^ompleta  single-track  superstructure  per  week. 

Uleel  rails  last  from  9  to  25  years ;  average  15  years. 

In  the  U.  8.  steel  rails  welipllf  on  4  ft  8>^  in  and  5  ft  gatufteo,  usually  from 
55  to  70  lbs  per  yard.  56  and  60  are  common.  Sometimes  as  Ifght  as  50,  and  n» 
heavy  as  76  to  SO.  3  ft  gauge,  30  to  40,  sometimes  50.  2  ft,  25.  Tlie  usiml  length 
of  rails  is  30  ft  They  have  been  made  much  lunger,  even  up  to  60  ft,  but  such  lengths 
have  not  come  Into  use  to  any  extent.  They  of  course  have  fewer  Joints,  but  the 
great  space  necessary  between  the  rail-ends  tit  tlie  Joints,  to  allow  for  expainsiou  iu 
hot  woatlier,  is  a  serious  ol>|ection.  1'his  miRht  be  obviated  by  beveled  Joints,  p  763. 
For  sectiouM  of  rails,  to  scale,  see  pp  764  and  765. 

Auaiual  |»r«MlueUoii  of  rails  in  the  United  States,  in  tons  of  2240  lbs. 

1872  1886 

Bessemer  steel 8:^,991  969,470 

Open  hearth  steel..... 1,250 

Iron 808,866  13,118 

892,857  973,838 

Steel  rails  usually  contain  from  .3  to  .5  of  one  per  cent  of  carbon. 

The  Penna  R  R  used,  in  1883,  on  its  main  lino  and  branches  (—  2552  miles 
of  single  track),  6600  tons  of  steel  rails  in  construction  of  new  lines,  and  14,300  tuna 
in  repairs. 

Priee  of  Steel  rails,  at  mill,  in  1888,  about  (36  per  ton  of  2240  lbs. 
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Table  of  9Iiddle  Ordiiiat.es,  to  be  ined  for  the  bending  of  rails  of  different 

leugtUa,  so  a.^  tu  form  purtious  of  curves  gf  different  r^H.    Ordinates  for  lengtlis 
or  radii  iutermediate  of  titoso  in  tUe  table,  maj  6e  found  bj  si^mple  proportion. 


D«f. 

Btullus. 

ZiUcraiTHs  of  eatls. 

Aug. 

30 

28 

26 

24 

22 

20 

18 

10 

14 

12 

Feet. 

10 

Feet. 

• 

De«. 

Feet. 

Feet. 

FeeC 

Feet. 

Feet. 

Feet. 

Fe«»t. 

Feet. 

pS 

Feet. 

Feet. 

FVet 

.5 

HMO. 

.010 

.006 

.006 

.005 

.004 

.604 

.003 

.002 

«5 

.001 

.061 

.000 

.000 

1. 

5730. 

.020 

.016 

.013 

.011 

.009 

.008- 

.006 

.005 

.003 

.002 

.OUl 

.001 

1.3 

3820, 

.020 

.026 

.021 

.018 

.016 

018 

.010 

.068 

.006 

.004 

.003 

.002 

.001 

2. 

2865. 

.038 

.034 

.029 

.025 

.021 

.017 

.014 

.011 

.008 

.006 

.004 

.003 

.001 

2.5 

22»t. 

.040 

.043 

.037 

.031 

.027 

.022 

.018 

.014 

.010 

.007 

.005 

.603 

Mi 

S. 

1^10. 

.038 

.051 

.044 

.037 

.031 

.026 

.022 

.017 

jOU 

.009 

.006 

-004 

.008 

8.5 

1637. 

.070 

.061 

.052 

.048 

.087 

.031 

.025 

.020 

.015 

.Oil 

.008 

.005 

.008 

4. 

Ii33. 

.070 

.060 

.060 

.050 

.048 

.085 

.029 

.023 

.018 

.013 

.009 

.006 

.003 

4.5 

1274. 

.088 

.077 

.067 

.056 

.047 

.039 

.032 

026 

.020 

.013 

.010 

.0*>7 

.004 

5. 

1146. 

.099 

.086 

.074 

.063 

.03$ 

.044 

.035 

.029 

.022 

.016 

Xlll 

.007 

.004 

5.5 

lOiX. 

.108 

.094 

.oes 

.070 

.050 

.048 

.039 

.032 

.024 

.018 

.012 

.008 

.004 

ft. 

»»5.4 

.111 

.102 

.088 

.076 

.064 

.052 

.042 

.0.34 

.026 

.019 

.013 

.008 

.005 

6.5 

882. 

.128 

.112 

.007 

.082 

.060 

.057 

.046 

.037 

X>28 

.021 

.014 

.009 

.005 

7. 

812. 

.137 

.120 

.104 

.088 

.074 

.061 

.049 

.039 

.030 

.022 

.015 

.010 

.005 

7.5 

761.$ 

.116 

.127 

.111 

.094 

.079 

.065 

.053 

.042 

jasi 

.024 

.016 

mo 

.006 

8. 

716.8 

.138 

.137 

.119 

.100 

-.065 

.070 

.056 

.045 

.034 

.025 

.017 

.oil 

.006 

8.5 

671.6 

.166 

.145 

.126 

.106 

.099 

.074 

.060 

.048 

.036 

.027 

JOIH 

.012 

.007 

». 

637.3 

.175 

.133 

.133 

.112 

.095 

.078 

.063 

.050 

.038 

.029 

.019 

.012 

.007 

9.5 

603.8 

.187 

.163 

.141 

.119 

.101 

.088 

.067 

.054 

.042 

.031 

.021 

.013 

.008 

10 

578.7 

.196 

.171 

.148 

.125 

.106 

.087 

.071 

.057 

.046 

032 

j023 

.014 

.008 

11 

121.7 

.216 

.188 

.163 

.139 

.117 

.096 

.078 

.068 

jat» 

.036 

.024 

.016 

.000 

IS 

478.3 

.236 

.206 

.170 

.151 

.128 

.103 

.085 

.009 

.053 

.039 

.026 

.017 

.010 

13 

441.7 

.251 

.222 

.192 

.168 

.138 

.118 

.092 

.075 

.057 

.042 

.028 

.019 

.010 

14 

410.3 

.275 

.239 

.207 

.175 

.148 

.122 

.099 

.060 

Ml 

.045 

.080 

.080 

.011 

15 

383.1 

.295 

.257 

.228 

.188 

.ISA 

.181 

.106 

.085 

.065 

.049 

j033 

.021 

.018 

lA 

35W.3 

.313 

.218 

.236 

.200 

.170 

.189 

.113 

.001 

.070 

.032 

.086 

juaa 

.018 

17 

3.18  3 

.333 

.s;90 

.252 

.218 

.180 

.148 

.120 

jm 

.074 

.055 

.037 

.024 

.014 

W 

319.6 

.351 

.306 

.265 

.225 

.190 

.156 

.127 

.102 

.078 

.038 

jm 

.025 

.014 

It 

I02.» 

.871 

.324 

.280 

.838 

.201 

•.165 

.184 

.106 

.682 

.061 

.041 

.027 

.015 

m 

287.2 

J82 

.841 

.296 

.830 

.218 

.174 

.141 

.114 

.087 

.066 

.044 

.0-28 

.016 

21 

2714 

.410 

J»57 

.309 

.968 

.222 

.182 

.148 

.120 

.091 

.069 

.046 

.090 

.017 

22 

262. 

.430 

.875 

.325 

.275 

.288 

.191 

.155 

.126 

.096 

.072 

.048 

.031 

.018 

23 

250.8 

.450 

.890 

.3.38 

.287 

.243 

.199 

.162 

.131 

.100 

.075 

.050 

.019 

94 

240.5 

.469 

.408 

.864 

.290 

.258 

:208 

.169 

.187 

.104 

.078 

.052 

.034 

.019 

25 

231. 

.186 

.424 

.367 

.811 

.263 

.216 

.176 

.142 

.108 

.081 

.054 

.035 

.080 

26 

22t..< 

.306 

.441 

.382 

.328 

.274 

.225 

.LB3 

.148 

.112 

.084 

.056 

.037 

.021 

27  , 

211.  •« 

.524 

.457 

.396 

.835 

.284 

.233 

.190 

.158 

.IM 

.687 

.068 

j088 

022 

28 

J06< 

.545 

.475 

.411 

.348 

.294 

.248 

.197 

.158 

.120 

.090 

.060 

.030 

.022 

2» 

1JK».' 

.564 

.491 

.424 

.361 

.303 

.250 

.203 

.163 

.124 

.093 

Mi 

.041 

.028 

For  ordlnatea  for  eeuter  liaie  of  road,  see  pp  726  to  731. 
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RAILBOAD  SPIKES. 


KAIUIOAD  SPIKES. 

The  hook-headed  spikes /,  commonlT  used  for  oonfioing  rails  to 
the  cross-ties,  vary  within  the  limits  of  the  following  table  \  the  lightest 
ones  for  light  rails,  on  short  local  branches;  and  the'heaTiest  ones  for 
heavy  rails  on  first-class  roads.  The  spikes  are  sold  in  kegs  usually  of 
150  lbs.  For  the  weight  of  spikes  of  larger  dimensions,  we  may  near 
enough  take  that  of  a-square  bar  of  the  same  length.  What  is  saved  at 
the  point  suffices  for  the  addition  at  the  head.  Price.  Philadelphia,  1890, 
from  2^  cents  per  lb.  for  %  inch  thick,  to  H  cts.  per  n>.  for  %  inch  thick. 
CorydoB  VVim;)!,  manufactorer,  Canal  St.  and  Germantown  Ave.,  Phiia. ; 
C.  W.  A  H.  W.  Middleton,  dealers,  945  Ridge  Ave.,  Phila. 


Size  in  ins. 

No.  per  keg 

Neper 
100  fbs. 

Size  in  ins. 

No.  per  keg 

Neper 
100  9>s. 

Length,  i  Side. 

of  150  lbs. 

Length.!  Side. 

of  150  lbs. 

4H  X      /. 
^HX      U 

526 

350 

514  X     U 

350 

233 

400 

266 

MZ  X       JL 

289 

193 

5     X      % 

705 

470 

^72  X       78 

218 

146 

5  X      /i 

6  X     U 

^ 

825 
260 

6     X     H 
6     X      A 

310 
262 

207 
175 

6     X      A 
5     X      % 

295 

197 

«     X     % 

196 

130 

257 

171 

A  mile  of  sinvle-traek  road,  with  2640  cross-ties,  2  feet  apart  fktmi 
center  to  center;  aiwl  with  rails  of  the  ordinary  length  of  30  feet,  or  fifteen  ties 
to  a  rail ;  will  have  352  rail-joints  per  mile ;  and.  with  4  spikes  to  each  tie,  will 
require  10560  spikes,  or  nearly  87  kegs  (5500  lbs.)  of  6^^  X  A.  a  si^  in  ▼cy  com- 
mon use,  which  weighs  a  trifle  more  than  ^  9>.  per  spike. 

But  an  allowance  must  be  made  for  rail-guards  at  road-crossines,  which  we 
may  assume  to  be  30  feet  wide,  or  the  length  of  a  rail.  A  j^uard  will  usually  con- 
sist of  4  extra  rails  for  protecting  the  track -rails,  and  spiked  to  the  15  ties  by 
which  said  track-rails  are  sustained.  Consequently  such  a  orossin^  requires 
15  X  8  =  120  spikes.  For  turnouts,  sidings,  loss,  etc.,  we  may  roughly  average 
700*  spikes  more  per  mile;  thus  making  in  all  (if  we  assume  one  road-orossing 
per  mue)  10560  -h  120  -f  700  =  11380  spikes  per  mile ;  or  say  6000  lbs.  or  40  kegs  of 
150  lbs. 

AdheMion  of  Spikes.  Professor  W.  R.  Johnson  found  that  a  plain  spike 
.375,  or  %  inch  square,  driven  3^  ins.  into  seasoned  Jersey  yellow  pine  or  un- 
seasoned chestnut,  required  about  2000  Sbs.  force  to  extract  it;  from  seasoned 
white  oak,  about  4000;  and  from  well -seasoned  locust,  about  6000  lbs.  Bevan 
found  that  a6-penny  nail,  driven  one  inch,  required  the  following  forces  to  ex- 
tract it:  Seasoned  beech,  667  lbs:  oak,  507;  elm,  327;  pine.  187. 

Very  careful  experiments  in  Hanover,  Germany,  by  Engineer  Funk 
give  from  2465  to  3940  fts.  (mean  of  many  exi>eriments,  about  3000  ft>8.), 
as  the  force  necessary  to  extract  a  plain  ^  inch  souare  iron  spike,  6 
inches  long,  wedge-pointed  for  1  inch  (twice  the  thickness  of  the  spike), 
and  driven  4U  inches  into  white  or  yeilow  pine.  When  driven  5  inches, 
the  force  required  was  about  A  V^^  greater.  Similar  spikes,  ^  inch 
.•square,  7  inches  lone,  driven  6  inches  deep,  required  from  3700  to  6745 
lbs.  to  extract  them  from  pine ;  the  mean  of  the  results  beine  4873  fts. 
1 II  all  cases  oboitt  twice  as  much  force  tats  reqtiired  to  exlrcuU,  tnetnfrom  oak.  The 
spikes  were  all  driven  across  the  grain  of  the  wood.  Experience  snows  that  when 
driven  with  the  grain,  spikes  or  nails  do  not  hold  with  much  more  than  half  as 
much  force. 

.lagged  spikes,  or  twisted  ones  (like  an  auger),  or  those  which  were  either 
swell^  or  diminished  near  the  middle  of  their  length,  all  proved  inferior  to 
plain,  square  ones.  When  the  length  of  the  wedge  pMoint  was  increased  to  4 
times  the  thickness  of  the  spike,  the  resistance  to  drawing  out  was  a  trifle  leas. 
But  see  ".lag-spike"  in  Glossary, 

When  the  length  of  the  spike  is  fixed,  there  is  probably  no  better  sb«pe  than 
tlie  plain  square  cross-section,  with  a  wedge-point  twice  as  long  as  the  width  of 
the  spike,  as  per  this  fig. 

*  This  allows  that  turnouts  and  sidings  amount  to  about  I  mile  of  extra  track  on 
''o  miles  of  road. 
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Art*  1.  A  track,  being  weakest  at  the  joints  between  the  rails,  where  they 
are  deprived  of  their  vertical  strength,  has  of  course  a  greater  tendency  to  bend  at 
thode  points ;  and  this  bending  produces  an  irregularity  in  the  movement  of  the 
train,  which  is  detrimental  to  both  rolling-stock  and  track.  Moreover,  that  end  of  a 
rail  upon  which  a  loaded  wheel  is  moving,  bends  more  than  the  adjacent  unloaded 
end  of  the  next  rail ;  so  that  when  the  wheel  arrives  at  said  second  rail,  it  imparts  to 
its  end  a  severe  blow,  which  injures  it.  Tlius,  the  ends  of  the  rails  are  exposed  to 
fifcr  more  ii^jury  than  its  other  portions.  Numerous  devices  have  been  resorted  to  for 
Atren«rthenlug  the  joints  of  the  rails,  with  a  view  of  preventing  this  bending  entirely ; 
or,  at  least,  of  causing  the  two  adjacent  rail-ends  to  bend  equally,  and  together;  so 
as  to  avoid  the  blows  alluded  to.  None  of  those  joint-fastenings,  known  as  chairs, 
ti^-plates,  wooden  blocks,  Ac,  have  proved  entirely  satisfactory. 

Much  of  the  deficiency  ascribed  to  the  ikstenings,  is,  however,  really  due  to  want 
of  stability  In  the  cross-ties  at  the  joints,  aud  more  attention  must  be  directed  to 
this  latter  conaideratioB,  b>>fore  an  efficient  fastening  can  be  obtained.  ObservAtion 
8bow«  that  when  the  joiuttius  are  very  firmly  bedded, almost  any  of  the  ordinary 
faatenings  will  (if  the  joint  is  placed  between  two  ties,  iuiitead  of  resting  «2>oa  a  lie),* 
answer  very  well;  whereas,  when  the  cross-ties  are  so  insecurely  bedded  as  to  pbgr 
np  and  down  for  half  an  inch  or  more  under  the  driving-wheels  of  the  engines,  the 
strongest  and  most  effective  fiistenings  soon  become  comparatively  inoperative.  '  All 
the  parts  of  the  best  of  them  will  in  that  case  become  gradually  loosened,  warped, 
bent^  or  broken. 

Experience  has  established  the  superiority  of  suspended  joints  over  supported 
ones.  Long  fastenings',  perhaps,  possess  but  little  superiority  over  short  ones,  where 
the  track  is  not  kept  in  good  repair ;  for  the  great  bearing  of  the  former,  although 
irapartiug  inei-eased  firmness  on  a  good  track,  becomes  converted  into  a  powerml 
leverage,  by  which  it  accelerates  its  own  destruction,  in  a  bad  one.  An  element  in 
the  injury  of  joints,  ts  the  omission  of  proper  fastenings  at  the  center  of  the  rails. 
Each  rail  f^hould  be  so  firmly  attached  to  the  cross-ties  at  and  near  its  eenter,  as  to 
compel  the  contraction  and  expansion  to  take  place  equally  from  that  point,  toward 
each  end.  It  would  probably  be  somewhat  difllcult  to  accomplish  this  perfectly. 
The  attempts  hitherto  made  have  failed. 

Under  the  extremes  of  temperature  in  the  United  States,  bar  Iron  expands 
or  contracts  about  1  part  in  016;  or  1  inch  in  76U  feet;  consequently,  a  rail 
80  ft  long  will  vary  /.inch ;  and  one  20  ft  long  fully  ^inch. 

Beside  this,  the  rails  are  very  liable  to  move  or  creep 
bodily  in  tbe  direction  of  the  heaviest  trade,  especially  when  the 
grade  descends  in  the  same  direction ;  and  by  this  process  also  the  joint-fastenings 
are  exposed  to  additional  strain  aud  derangement.* 

All  rails  appear  to  become  elongated  very  slightly  at  their  ends  by  use;  and  this 
renders  a  fhll  allowasce  for  oontraotioa  aud  expansion  tbe  more  necessary. 

Art.  3.  Even  Joints  and  broken  Joints.  If,  In  tbe  two  lines  of 
rails  foi-ming  a  track,  the  joints  are  placed  opposite  to  each  other,  they  are  called 
"even  joints;"  while  "stagsered**  or  ** broken"  joinls  are  those  where  each  joint 
in  one  of  the  lines  of  rails  is  opposite  to  the  middle  of  a  rail  in  the  other  line.  Id 
the  latter  case,  the  jar  of  passing  from  rail  to  rail  is  less  severe,  but  of  course  more 
freouent,  than  where  both  wheels  make  that  passage  at  the  same  time. 

Art.  S.  Beveled,  or  mitred  Joints.  To  lessen  this  jar,  Mr.  Sayre  sug< 
gests  cutting  tlie  rails  so  that  the  vertical  plane  forming  the  rail  end  shall  make  an 
angle  of  45°  to  60^  with  the  longitudinal  vert  plane  of  the  web  of  the  rail,  instead  of 
the  usual  right  angle.  This  would  permit  the  use  of  longer  rails  than  are  now  laid, 
as  the  great  space  (i^  inch  or  more)  between  the  ends  of  such  long  rails  in  cold 
weather,  would  not  be  so  serious  an  objection  when  the  ends  were  thus  cut  obliquely. 
This  method  of  cutting  the  rails  has  been  tried,  with  good  results,  but  has  not  yet 
come  into  general  use.  It  is  claimed  that  a  comparatively  inexpensive  change  in  the 
arrangement  of  the  saws  at  tbe  rolling  mill,  would  permit  the  rails  to  be  cut  with 
enils  at  any  angle,  as  readily  as  with  square  ends,  and  without  (hrther  increase  in 
tlie  cost  of  sawing. 

*In  the  first  case  the  joint  is  called  asnspeaided  one;  In  the  laatasupported 
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Art.  4.    Flsli-plates,  F%  !, 4ib4  AnsteW^lates,  Figs  2. 3. 4,  and  5,  haT« 
newrly  supplanted  all  other  forms  of  joint  on  the  principal 
railroads  of  the  U.  S.   Although  the  rails  are  almost  uni- 
▼ersally  of  Bessemer,  or  similar,  steel,  the  joint-plates  are 

generally  made  of  iron.   They  are  rolled  in  long  bars, and  g 

cut  oflF  in  any  desired  length,  generally  about  2  ft ;  and  x 

ai-e  bolted  together,  and  to  the  rails,  by  4  bolts,  2  in  each  ^ 

rail -end.  "" 

Art.  9.   The  fish-plate  Joint  was  one  of  the 
earliest  suggested.  It  was  introduced  upon  the  Newcastle 
and  FreucTitown  R  R,  in  Delaware,  by  Robt.  H.  Barr,  in   ^ 
1^43.    Tlie  weight  of  a  complete  fish-plate  joint,  includ-  "^       Pi^  1 
ing  bolts  and  nuts,  is  about  'iXi  fcs.  '  *»'    ' 

Fig  l.one-fifthofreal  size,  represents  a  fish-plate  joint 
made  by  Cambria  Iron  Co,  office  218  S  4th  St,ThiIa,^tb  a  '?^i  "»' ^^^f* ^^K 
50  lbs  per  yard,  by  the  same  Oo.    The  thickness  of  plate  at /is  A  *nch.    The  plates 
weigli  4W  lbs  per  lineal  foot  of  a  single  plate.  *  ♦*.* -«»ir— 

Art.  «.  The  principal  advantage  of  the  ansle-pl*«<««  ^  i*»**  **»*»  8pik«, 
wiiicli  are  driven  through  slots  in  their  flanges  to  confine  them  to  the  croas-tiee, 
terve  also  to  oonnteract  the  tendency  of  the  rails  to  "  creep.  ^  (See  Art  i.)  *>  nere 
^Jk-plates  are  used,  tiie  flanges  of  the  raiU  have  td  be  slotted  for  this  parpoje. 

A  fbrther  advantage  of  the  angle  pUte  is  that  it  tranefer*.  »*»««*  »  PtT^f '  T^ 
load  directly  t«>  the  tie*.  It  thus  rapports  the  r^l  better  than  the  flnh  ptate  can  do, 
ami  may  continue  to  give  some  support  even  If  the  boka  ahould  become  ejMuewhat 
loose,  provided  the  spikes  hold  firm.  Moreover,  the  spreading  baite  of  the  angle 
joint  add!  greatly  to  the  laiaraL  atrength  of  the  xaU  at  the  jomt. 


*■ {    i    i    1 
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Fig.2X 


A.rt.  7.  Fig.  2  (on«^finh  of  real  sise)  shows  the  atandiurd  aagle^late  joint  a884) 
of  the  Philadelphia  Ss,  Reading  R.  B..  The  ban  are  2  feet  long,  and  weigh 
16  lbs.  each.    They  have  each  four  oval  boles  for  bolts.        ^ 

Ftg.  2  A,  shows  the  Penavy-lvania  Railroad  standard  aagle-bar,  of  1887. 
Tlie  hers  are  84  inches  lung,  and  have  each  six  oval  holes  finr  bolt&  Thej  aro  made 
in  two  sixes,  a^  ft^ows : 


SpUee. 

For  rails. 

Height. 

Tbickn««n  on 

center  lino  of 

1>oIt. 

Vcight  of 

on«  bar. 

Apv«o3Eimateeo9* 
of  complete  Joint. 

No.  4. 
«    6, 

60  lbs  A  70  Bm    Z}4\u». 
86ibs           3A    " 

^inch 

26ViJbs. 
30^    - 

f     1  50 

1   70 

Our  figure  shows  splice  Xo.  4.  Tlie  same  size  of  bolt  Is  used  for  both  sizes  of 
splice,  viK.:  4^^  inches  out  to  out  X  %  inch  thick,  with  nut  1%  inches  square  X  ^ 
Inch  thick. 

*  On  the  St.  Louis  bridge  (sterl  arches)  and  its  eastern  approech  (pUite  girders  <m 
Iron  columns)  th<t  rails  creep,  In  the  direcfton  of  the  tmfflc.  aUmt  a  f»ot  per  dm, 
both  up  and  down  a  grade  of  80  feet  per  mile,  and  with  such  force  that  iUtboQ|Eli 
vnrious  fastenings  were  used,  in  order  to  prevent  the  creeping,  none  proved  effectual. 
The  track  is  now  adjusted  daily  to  accommodate  the  creeping.  For  a  very  interest* 
i  ag  account  of  this  ca«e.  s-^e  a  paper  by  Pmt  J.  D.  Johnson  In  the*  Journal  of  the 
\?f^^!^'}^!^  ^^  EnfrtneeriuK  Societies,  Vol.  IV.  No  1,  Nov.  18S4,  and  abstract,  with 
editorial  dlscns^ion,  in  BaOroad  Gazette,  Jan.  2d,  1885.  Prof.  Johnson  attrihntet  the 
^rocplug  to  a  wave  motion  of  the  nH  canacd  by  the  passage  of  trains. 
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Art.  9»  Th«  wbe^Vtrtad  tmi  7«  lb  ttoel  iMI,  titoim  (tme^MMt  «f  rcnl  siae)  Im 
Fig  3,  hre  tiioM  dMitmed  by  ■•bt.  H.  Sl»jrr», 
€.  E.,  and  used  by  the  Lehlck  ▼all«y  RB, 
under  very  iMRvy  traffic.  Tbe  Mngr^'plnto 
Joint  was  designed  by  Mr.  John  Frits, 
Siipt  Bethlehem  Iron  Co,  Bethlehem,  Pa,  and  Mr. 
Say  re,  and  has  been  in  use  on  the  ILelkigM 
Valley  R  R  fur  the  past  12  years. 

These  ferms  of  wheel-tread,  rail,  and  splice,  are 
the  result  of  caraful  study,  and  each  detail  hits  . 
been  modified  from  time  to  time  as  experience 
dictated,  until  now  they  nre  probably  the  most  per- 
fect in  this  country.  Mr.  Sayre  places  the  stems 
of  tlie  two  plates  aunoh  farther  apart  tluui  usual, 
thus  glviBK  the  joint  greater  lateral  strength ;  at 
the  same  time  adding  to  its  Tertical  strength  by 
the  support  given  to  the  lew^r  side  of  the  rail* 
head  by  the  upper  enlargement  e;  while  the  lower 
one  (I  secures  a  full  bearing  on  the  flange  of  the 

rail.    The  joint,  for  76  lb  rail,  complete,  2  ft  long, 

J — "5" — J 1 J    with  4  bolts  %  inch  diam,  weighs  40  to  48  lbs, 

iwruco  depending  ujH»n  the  thickness  of  the  nngle  plate. 

^'      X  The  drilled  boiyioles  in  the  stem  of  the  raU,  are  1 

I5  1^*t5.  In^  diam,  toalTow  the  rails  tocoHtractam1ex|»nnd. 

Art.  9.    Figs  4  an4  i  (oae-fifth  of  actual  size)  show  an  anfl^le^plate  Joint 

made  by  €?anibrij»  Iron  4'o,  Johns- 
txATM,  Pa,  office  218  S  4th  St.  Pliihi,  snd  fur- 
niHhed  with  their  patent  nut-lock. 
which  couiiists  of  m  small  piece,  or  "key," 
j>,  of  Bessemer  steel,  semi-circniar  in  cruss- 
section  at  one  end,  and  tapered  to  a  hori- 
Kontal  edge  at  the  other.  After  the  nut  hta 
been  screwed  to  its  place,  the  key  is  driven 
close  up  to  it,  and  then  the  pointed  end  of 
the  key  is  bent  up  (as  shown  in  Fig  5)  by  a 
__^___^  speciiil  tool  with  a  lever  attached.    The  key 

~~l       J  is  prevented  from  falling  out  sideways  by 

the  edge  of  the  longitudinal  groove.Fig  4,  in 
t*lg,5,         the  angle-plate,  into  which  it  fits.  This  nut- 
lock  resembles  that  used  with  the  old  form 
See  nnt-lock  washers,  p  408. 


m 


r^ 
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of  Fisher-joint,  see  B  Figs  15. 

Art.  10.  Both  fish-  and  angle-plutes  are  apt  to  ctack  vertically  about  the  mid- 
dle of  their  length,  or  opposite  to  the  joint  in  the  rail.  To  obviate  this,  the 
**NanHMMI-bar  "  (which  is  made  either  of -fish  or  of  angle  form)  is  rolled  about 
half  inch  thicker  at  the  middle  than  at  its  ends.  The  thickened  portion  is  about  8 
ins  long, extending  say  4  ins  each  way  from  -thv  joint,  but  the  upper  edge  of  the  bar, 
iwon  whicli  the  head  of  the  rail  bears,  and  in^a-bars  the  lower  edge  also,  are  made 
of  this  increased  tjiickness  throughout  their  length.  These  joints  are  (1886)  largely 
used  on  tlie  Western  railroads  of  the  U.  8.  Their  cost  is  about  the  same  :is  tliat  of 
ordinary  fish-  and  angle-joints.  They  are  made  by  Horils  Sellers  &  Co,  office  Mo  6 
Ashland  Block.  Chicago,  III. 

Art.  11.  Fish-  and  angle-plates,  of  all  the  patterns  shown,  and  others,  are 
roiled  to  snit  diflTerent  sises  and  snapes  of  rails.  The  bolt 
liea«la  are  usually  round,  and  the  sboalders  of  the  bolts,  immediately  under 
the  heads,  are  therefore  made  of  oval  cross-section,  fitting  into  corresponding  oval 
holes  in  the  fish"  or  angle^»laf  e.  The  bolt  is  thus  prevented  from  turning  when  the 
nut  is  screwed  on,  and  afterwards.  Many  devices  have  been  tried,  with  a  view  to 
preventinic  tlie  nntA  ftrom  weariiiy  loose  (see  lock-nut  washers, 
p406).  The  Vulcanized  Fibre  Co^  Wilmington,  Del,  furnish  a  vBlcanisea 
washer*  which  is  intended  to  act  as  an  elastic  cushion,  deadening  shocks  and 
vibratioDS.    They  are  said  to  become  hard,  and  lose  their  elasticity,  In  time. 

The  plates  are  frequently  rolled,as  in  Figs  17,  with  a  long'itudinal  fproove, 
as  wide  as  tlie  head  or  nut  of  the  bolt,  and  about  ^  inch  deep,  running  their  entire 
length.  This  groove  receives  either  the  head  ot  the  bolt,  wnich  in  such  cases  is 
made  square  or  oblong  and  inserted  first,  and  the  nut  afterwai'ds  screwed  on ;  or 
else  the  nut  Is  first  placed  in  the  groove,  and  the  bolt  afterwards  screwed  into  it. 
This  is  intended  to  prevent  the  unscrewing  of  the  nut,  but  cannot  be  relied  upon  to 
4o  to. 

It  is  well  to  have  the  sloU  in  the  flanges  of  rails  or  of  angle-bars  so  spaced  that 
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the  two  splkM  €»r  a  Joint,  driven  into  the  Mine  ero— .tie, 
uHmil  not  be  directly  opposite  to  eacb  otber.  bat  *' staggered,"  so  as  to 
diniinish  tlie  danger  of  siUittiug  tbe  tie. 
.  Joint!  are  frequently  laid  with  one  fifiii-  and  one  anirl^-plAte. 

In  1888.  angle-  and  fl«h>plate0  cost  aboat  2  ots  per  lb;  bolts  aud  nuts,  3  cts  p«r 
lb.  The  cost  of  a  complete  augle-joiwt,  with  four  bolts,  for  70-&>.  rail,  is  from  80  cts 
to  $1.20 ;  of  a  fish-joint,  60  to  80  eta.    See  p.  764. 

Art.  12.    It  will  be  noticed  that  both  fish-  and  angle-plates  act  by  placing:^ 
support  under  the  head  of  the  rail.    The  Flfiher  brIdKre-JoInt,  Pigs  6  to  9, 
.  made  by  Mr.  Clark  Fisher,  Trenton,  N  J,  applies  the  support  under  the  b<ue  of  the 
rail. 

The  principal  feature  of  this  joint  is  a  flanged  beam.  Fig  6,  about  6  ins  wide  aud 
22  ins  long,  which  extends  across,  and  is  spiked  to,  the  two  joint-ties,  as  in  Fig  7. 
The  holes  for  the  spikes  are  placed  so  that  the  two  spikes  in  the  same  tie  are  not 
opposite  to  each  other;  and  the  flanges  F  F  also  are  staggered,  so  as  not  U>  interfere 
with  the  driving  of  the  spikes.  The  joint-ties  T  T  are  placed  7  inches  apart  in  the 
clear.    The  beam  has  an  upward  camber  of  about  one-eighth  of  an  inch.    The  two 


Fig.  8. 


rail-ends,  forming  the  joint,  rest  upon  the  beam,  and  meet  at  the  middle  of  its 
length.  They  are  held  down  to  it  by  a  single  U-shaped  bolt  B,  of  1  inch  diam, 
with  a  nut  on  each  leg.  These  nuts  bear  directly  upon  the  borieontal  upper  sides 
of  the  "  fore-locks  '*  L  L,  one  of  which  is  shown  separately  in  Fig  9.  The  fore-locks 
are  rolled  to  fit  accurately  to  the  rail-flanges.  The  legs  of  the  U-bolt  pass  first 
through  the  circular  holes  h  A,  in  the  beam.  Fig  6;  next  through  rounded  notches 
cut  in  the  corners  of  the  rail-flanges ;  then  through  the  holes  in  the  fore-locks ;  and 
bistly  through  the  nuts.  Between  the  U-lHilt  and  the  bottom  of  the  beam  is  placed 
a  small  piec6  «,  of  spring  steel,  slightly  cambered  downward,  and  baring  two  serai-cirw 
cular  notches-for  the  legs  of  the  U-boIt,  which  hold  it  in  place.  This  is  intended  to  keep 
the  joint  elastic,  to  take  up  any  k>ose  space  produced  by  the  wear  of  the  surfaces  in 
contact,  to  render  less  abrupt  the  strains  on  the  bolt,  and,  by  keeping  the  thrc«da 
of  the  nut  pressed  against  those  of  the  bolt,  to  prerent  the  nuts  frem  becoming 
loose.  The  ioints  are  shipped  from  the  factory  complete,  and  with  all  the  parts 
bolted  together;  the  nuts  being  screwed  down  to  within  about  two  threads  of  their 
final  places,  so  that  the  ends  of  the  rail-fianges  can  be  easily  slid  into  place  under 
the  fore-locks. 

As  an  additional  precaution  against  creeping  of  the  rails,  the  mil-flanges  may  be 
Blotted  n^r  their  ends,  as  in  cases  where  fish-plates  are  used,  and  spikes  driTen 
5^711^  1  ®*®  •***^*  ^^^  «"<*  <^«»  **»«  ^»»"«  »«•«  pnnched,  at  the  mill,  with  font 
TT„niio"*K  "^^^^^  *'**l®*  *  ""^«  further  from  the  edges  of  the  beam  than  the  others. 
T  «iiiT  !«^*.u*^'u  *^*'  fl8»«-P»«te  joints,  the  Fisher  may  be  used  with  any  section  of 
whTch  iS  i«l5l?.^K,**^  the  rail  may  be  made  stronger  by  being  rt>lled  pear-shaped, 
wnich  is  inadmissible  with  fish-  and  angle-joints,  because  thMe  require  a  nearly 
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horisoDtal  beariDff  on  the  under  side  of  the  head.  The  *'  Fisher"  requires  no  drill- 
kig  or  punching  of  the  stem  of  the  rail.  It  c««to  about  26  per  cent  more  than  a 
flub-  or  augle-joiut  for  the  same  raiL  lU  welirhl,  complete,  for  66-]b  raU,  is  about 
32  lbs. 

Mr.  Fisher  makes  also  an  extra  utronm  Joint  with  three  U-bolts, 
for  heavy  curves  and  for  places  liable  to  wash-outs.  It  Is  intended  to  support  the 
joint,  even  if  the  ballast  is  removed  from  under  the  joint-ties.  Either  of  the  Fisher 
joinU  can  be  made  of  any  desired  weight.  The  "Fidier"  is  largely  used  on  some 
of  tiie  principal  eastern  roads,  and  with  very  satisfactory  results.  Figs  15.  d  768. 
show  an  old  form  of  this  Joint.  ' 

Art.  18.  The  Gibhon  boltless  rail-Joint,  Figs  10, 11,  and  12,  invented 
by  Mr.  Th«)s.  H.  Gibbon,  C  B,  Albany,  NY,  is  a  wpporM  one.    Two  inches  in  length 


Fi«:.  lO. 


Fig.  12. 


of  the  head,  at  each  rail-end,  have  to  be  cut  off,  as  in  Fig  10;  but  no  further  cutting, 
and  no  punching  or  drilling,  of  the  rail,  is  required.  Over  the  ends  of  two  rails,  thus 
cut,  and  placed  together  in  their  final  position  on  the  ties,  the  Bessemer  steel  *' sad- 
dle-casting," Fig  11,  is  placed.  The  top  of  this  casting  is  shaped  so  as  to  correepond 
with  the  i^cad  of  the  rail ;  and  its  length,  4  ins,  Just  occupies  the  space  cut  awuy 
from  the  ends  of  the  two  adjoining  rail-heads.  The  feet  of  the  casting  fit  into  notches 
cut  in  the  Joint'tie  at  the  sides  of  the  rail.  The  ends  of  the  rails  are  then  raised 
slightly,  and  the  base-plate.  Fig  12,  of  iron  or  steel,  is  slipped  through  tlie  slot  s  in 
tlie  side  of  the  saddle-cnsting,  then  under  the  base  of  the  rail,  and  lastly  throngh  a 
corresponding  slot  in  the  opposite  leg  of  the  saddle-casting.  Spikes  are  then  driven 
into  the  tie  through  the  four  holes  in  the  base-plate,  and  the  joint  is  complete.  The 
eaddle-castiug  and  base-plate  weiirh*  together,  about  24  lbs,  and  cost  (1886)  $1.00. 
Art.  14.  The  following  are  some  forms  of  rail-Joint  that  have  fallen  into  diuuse, 
or  have  been  proposed  but  not  adopted.  They  illustrate  early  practice,  and  may  be 
usefbl  as  hints. 

Fig  13  was  an  early 

f  o  r  m     of     supported 

wronirlit-iron 

eliair.    It  was  about 

7  ins  square,  %^  thick, 

and  weighed  lOlbs.  Fig 

14  is  a  later  form,  still 

furnished,  to  some  ex-  ^.  >.^    >^-r*a 

_-        .  ^  tent,  by  the  Tredegar  ^^V^  *  lfir.14. 

Fig.  13.  Co,  of  Richmond,  Va. 

Figs  15  show  one  of  the  earlient  forms  of  the  Fisher  Joint.  It 
was  at  one  time  largely  used  on  the  Lehigh  Valley  R  R.  (For  the  pre«eMt  form  of 
this  joint,  see  p  766.)  It  was  a  suspended  joint ;  and,  instead  of  the  long  supporting 
beam,  or  bridge-plate,  of  the  present  pattern,  it  had  a  plate  c,  6  ins  square.  It  had 
2  U-boIts,  each  of  1  inch  diam,  and  the  forelocks  1 1  were  6  ins  long,  and  had  two 
holes  each.  The  lower  side  of  the  thread  on  the  bolt  was  made  horizontal  as  at  j. 
The  thread  in  the  uut  was  somewhat  as  at  I.    In  screwing  on  the  nut,  these  two 
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threiidt  were  forced  Into  coiifomiltr,  thus  employing  the  principle  of  the  prewot 
Harvey  lock-nut,  p  406.  A  nnt-toclt  B,  somewhat  simflar  to  the  Gambria  patent 
lock,  p  765,  was  need  ae  ao  additional  preeaation. 


<       4'       > 


Figs  16  ehow  a  remarkable  suspended  filStentnr,  caHed  the  RlBfT- 

Joint;  highly  approved  of  at  one  time  on  the  CHmden  4  Aroboy  ronil  (now  Peuna 
H  R,  United  Railt-oads  of  New  Jersey  Division)  on  which  it  was  employed  for  many 
years,  under  a  heavy  traffic;  to  the  almost  entire  exclusion  of  others,  except  for 
experimental  comparison. 


Fig,  16. 


This  (listening  consisted  of  a  simple  welded  triangular  ring  <e  a,  (in  the  end  view; 
or  m  in  the  side^iew.)  ^  an  inch  thick,  and  8^  ins  wide.  '1  his  ring  passed  through 
a  slot  V  V,  (see  middle  fig,)  4  Ins  long,  cut  into  aie  adjacent  rail-ends.  Two  cast4ron 
wedges  w  «;,  6  to  8  ins  long,  of  a  shape  to  fit  the  ring  and  the  rail,  were  ititefted  be- 
tween them ;  and  a  thinner  one  •  «,  of  plate  iron,  below  the  rail.  The  first  were  cast 
around  a  cylindrical  rod  of  rolled  iron,  (to  of  the  end  view,  it  of  the  side  view,)  aboat 
%  inch  diam;  and  a  little  longer  than  the  wedges;  for  increasing  their  strength, 
and  for  preventing  them  fi-om  falling  ont  from  the  chair  in  ca^e  they  shonld  break, 
which  they  sometimes  did.    The  rail->en^8  semetiraes  split,  as  shown  at  I  and  k. 

The  joint  was  suspended  between  two  crow-Uei^  1  ft  apart  in  the  clear. 
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Figs  17  represent  the  combined  Bnspended  juint-fiisteninp:  introdnced  upon  the 
Philada  A  Reading  railroad  by  J.  Datton  Steele,  C  K  Some  of  them  are  still 
in  U8e  (1884). 


i 

gi        FifiT.  17. 


The  Johit  is  snspended  between  2  cross-ties,  placed  1  ft  apart  In  the  clear.  B  is  a 
block  (known  as  Trimble's  splice)  of  oak,  S  by  3  ins,  and  3  ft  long,  dressed  on  one 
side  to  fit  the  oHtside  of  the  mil ;  and  e  is  a  rolled  fish,  17  ins  louff,  (shown  more  in 
detail  at  F,)  placed  on  the  innde  of  the  rail.  This  fish  and  the  oHk  block  are  bolted 
together,  through  the  rail,  by  two  p^-inch  screw-bolts  aa^  13  inches  apart.  Under 
the  rair  is  a  rolled  chair  (f,  2  ft  8  ins  Jong,  &  ins  wide,  and  ^  inch  thick;  turned  up 
W  iBch  along  each  of  its  two  sides,  and  fastened  to  the  2  wooden  cross-ties  by  4  hook- 
iieaded  spikes,  }^  inch  square,  by  5j^  ins  long.  The  heads,  of  the  two  screw-bolts  are 
made  somewhat  oblong,  (about  ^  inch  by  V^,)  for  fitting  into  the  groove  nn,  seen 
along  on»  side  of  the  flsb ;  so  as  to  prevent  the  tendency  of  the  bolts  to  revolve  under 
the  iiction  of  the  trains,  and  thus  unscrew  the  nut  at  the  other  end.  The  nuts,  how- 
ever, unscrew  themselves,  notwithstanding  this  precaution.  The  strain  on  the  screw- 
bolts  is  great,  both  vert  and  hor ;  and  it  uecomes  greater  as  the  wooden  blocks  in 
time  lose  (as  they  do)  their  close  fit  to  the  sides  of  the  rails.  The  blocks  then  cease 
to  act  In  perfect  unison  with  the  other  parts  of  the  fastening,  in  sustaining  passing 
loads ;  and  when  the  track  is  not  kept^  in  good  order,  the  various  parts  may  plainly 
be  seen  to  yield  and  move  in  various  directions,  independently  of  each  other.  The 
bolt-nuts  then  loosen ;  and  the  fish  pieces,  long  chairs,  and  long  bolts,  become  bent ; 
and  sometimes  split,  or  break  entirely.  The  long  wooden  blocks  B  cmsh  and  decay 
soonest  near  where  their  tops  are  in  contact  with  the  rail.  They,  however,  have  au 
average  life  of  6  to  8  years,  upon  roads  kept  in  tolerable  order.        * 


Fig.  18. 


Fig.  20. 


Fig.  19. 


Fig  18  is  a  joint  for  U-rail.  It  was  of  rolled  iron,  6  ft  long,  and  rested  on  3  ties. 
It  was  riveted  loosely  to  one  flange  of  the  rail,  as  shown  on  the  right-hand  side.  It 
kept  the  rails  in  position  very  well.  «.,  «         ^  « 

Fig  19  is  a  Joint-fastening  proposed  many  years  since  by  Alex«>W«  Mae,  C  B, 
of  Penna.    It  certainly  possesses  merit. 

Fig  20  Was  blso  tfne  of  the  nintterous  joint'fastenings  suggested  at  an  early  day ; 
but,  like  the  foregoing.  It  never  came  into  use.  In  lengths  of  about  8  ins,  it  would 
probably  make  an  efficient  fastening;  especially  with  the  addition  of  a  broad,  thin 
wedge  between  the  bottom  of  the  i-ail  and  the  foot  of  the  chair.  This  would  dimin- 
ish the  diflBculty  of  sliding  the  chairs  on  or  oflf  of  the  rail ;  and  would  thus  make  it 
easy  to  employ  larger  ones;  besides  insuring  a  firm  bearing  for  the  base  of  the  rail 
upon  the  fastening. 
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Art.  1*    To  eoftble  tin  engine  and  train  to  paee  from  one  track,  A  B,  Fig  1,  t« 
another,  A  D,  a  tumovU  is  introduced.    This  consists  esBCBttalljr  of  a 


■wlteh,  9  m  p  s,  a  frofr^/  a<*d  ^^o  ^^^  mard-ralls,  g  and  ^.  If  a  swifeeh 
is  made  to  serve  for  two  turnouts,  A  D  nud  AD',  Fig  2,  one  on  each  side  of  the  main 
track,  A  B,  it  is  called  a  thre«-ilhrow  SWitelL 


^^^W 


Pig.  2. 


Fiff.  3. 


Art.  2.  When  a  train  approaches  a  switch  in  the  direction  of  either  arrow.  Fie 
1 ;  or  so  that  it  passes  the  frog  before  reaching  the  fwitoh^  it  is  said  to  **  trail" 
the  switch.  When  it  approaches  in  the  opposite  direction,  passing  the  nntch  before 
reaching  the/ny,  it  is  said  to  ^  thee  "  the  switch.  Fig  3  represents  a  portion  of 
a  double-track  road  in  which  the  trains  keep  to  the  right,  as  shown  by  tlie  arrows. 
In  this  flg,  y  and  W  are  ** trailing^*  switches;  and  X  and  T  are  ** facing*'  switches. 
In  order  to  leave  the  main  track  by  a  trailing  switch,  a  train  most  move  iu  a  direc- 
tion contrary  to  the  proper  one  on  said  track. 


Art.  8.  Alisplaced  swllehes.  A  moving  train, /ociap  any  switch,  must 
plainly  go  as  the  switch  is  set,  whether  right  or  wrong.  If  wrong,  serious  accident 
may  result.  For  instance,  the  train  may  run  apon«and  OTer  the  end  o(^  a  short 
trestle  siding,  or  may  collide  witli  a  train  standing  or  moving  upon  the  turnout 
Safety  ■wUehes.  such  as  tlie  Lorenx,  ArU  13,  &c,  and  Wharton,  Arts  18,  Ac, 
are  so  arranged  that  trains  trailing  them  can  pass  them  safely,  even  if  the  switch 
is  misplaced.  But  in  the  case  of  the  plain  stab-swltell.  Art  4,  when  mis- 
placed, a  trailing  train  will  leave  the  rails  at  b  and  r,  or  <  and  «i.  Fig  4,  and  run 
upon  the  ties. 

Stub  switches  are  freqaently  provided  with  ^^  safety-castillSS  *'  of  iron, 
bolted  to  their  sides,  and  reaching  from  their  toes  m  and  s,  Fig  4.  several  feet  toward 
p  and  q.  These,  in  case  of  misplacement  of  the  switch,  receive  the  flanges  of  tlie 
wheels  of  a  trailing  train,  and  guide  the  wheels  safely  on  to  the  switcbnimila  om  and 
P*.    Tbe  ••  Tyler '»  swltell  is  arranged  iu  this  w  - 


I  w«y. 
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Art.  4.  The  Mranmon  Mnnt-ended  or  stub-BwUrh  consistii 
essentially  of  two  rails,  q  m  and  p  8,  Figs  1  and  4.  The  ends,  q  and  p,  of  these 
rails,  where  they  are  fixed  in  line  with  the  main  track,  form  the  •'heel*' of  the 
switch.    Their  other  ends,  m  and  «,  form  the  ^*  toe»"  and  are  free  to  move  Ikon  d 


and  n  (where  they  are  in  line  with  the  main-track  rails,  h  h  and  r  s)  to  m  and  • 
(where  they  are  iu  line  with  tlie  tnmout-rails,  t  x  and  uy). 

On  main  lines  of  road,  the  switch-rails  are  usually  from  18  to  26  feet  long  from 
heel  to  toe.  Formerly,  their  heels,  9  and  p,  were  fixed  by  being  confided  in  the  same 
chairs  which  held  the  adjoining  ends  of  the  main-line  rails ;  or.  by  being  connected 
with  said  rails  by  short  fish-plates.  See  p  764.  In  eitlier  case  they  remained  prac- 
tically straight,  even  when  set  for  the  turnout.  Now,  however,  they  are  generally 
made  long  enough  to  extend  4  to  6  feet  back  from  their  heels,  toward  A ;  and  this 


s:ig,o 


additional  length  is  gpikad  uoyfeldiiiely  to  the  tiei;  so  that,  when  set  for  the  tumont, 
the  switch-rails  bend  Na  as  to  form  {tX  least  approximately)  a  part  of  the  turnout 
curve.  Their  toes,  m  and  s,  in  any  case,  rest  and  slide  upon  iron  « liesd-platra." 
P.  P.,  Fiff.  4,  shown  in  detail  at  Fig.  6.  which  represents  a  riveted  steel  plate,  made 
by  the  Weir  Frog  Co.,  Cincinnati,  Ohio.  Base  plate  ^  inch  thick.  Cost,  1888, 
about  f5.A0  per  pair.  These  head  plates  alro  receive  the  ends,  &  e  and  r  «,  Fig.  4,  of 
the  main-track  and  turnout  rails.  In  (hreetkrow  switches,  the  head-plates  must  of 
course  be  longer,  to  give  room  for  the  thtM  rail-ends  side  by  side. 

Frequently  a  plain  strip  of  iron,  about  3  inches  wide  by  half  inch  thick,  is  fastened 
to  the  upper  surface  of  each  tie,  under  the  base  of  the  rail,  for  the  latter  to  slide  on. 

The  switch-rails  are  connected  together  by  from  3  to  5  transverse  wrought-iron 
elamp-rods^  R  R  R\  Fig  4,  full  \)^  ins  diam.  These  are  fastened  to  the  rails  in 
varioui)  ways;  generally  as  shown  in  Fig  6.  The  clamp-bars  should  be  placed,  if 
#5  ^.  possible,  at  least  as  low  as  the  tops 

T>2  "fjtOMff^  laArp  of  ***^  cross-ties,  si>  as  to  avoid 

"  11  danger  of  their  coming  into  con- 

R  _jiilir'  ^^feik      ^^^^  y!\ih  any  portions  of  cars  or 

mjjSiVMJL.=mtm^mS^  engines  that  may  become  par- 
__,  ^i^^^wim™ wmmm  ^ially  detached  and  drag  on  the 
*^g.  6.  track.  ^ 

One  of  the  clamp-bars,  K',  is 
near  the  toes,  m  and  »,  Fig  4.  It  projects  beyond  the  track,  and  is  jointed,  as  shown 
at  Figs  7  and  8,  and  connected  with  the  lever,  L,  by  which  the  switch  is  moved. 
The  tie,  T,  Fig  4,  to  which  the  head-plates  are  fastened,  is  made  longer  than  the 
othei-s,  in  order  to  give  room  for  the  switch-stand,  M,  Figs  4, 7,  and  8,  which  is  bolted 
to  its  upper  surface.  This  tie  should  also  be  of  larger  cross-section  than  the  others, 
l\erfectly  sound,  and  well  l>edded ;  because  upon  it  come  severe  strains  due  to  the 
pasiaee  of  cars  and  engines  across  the  space  between  the  rail-ends,  m  and  e,  «  and  t^ 
«tc,  tig  4.    See  second  paragraph  of  Art  10,  p  773. 
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ArU  5.  Tlh«  •wfltcli*leT«i«,  and  fth*  gwitrfc  ^taaJti  to  whidi  they  ara 
sttuched.  Are  made  iu  a  great  variety  of  forms.  See  FigH  7, 8, 9, 14, 15,  H»d  17.  Tlwt 
shown  in  Figs  7  nnd  8  is  the  ^*  Tiiiliblllii^>le%'er  stund  "  or  *^  GreiiiMl-lever 
stand,**  and,  in  its  nnmeroos  inodificatioiis,  is  vei^  hurgeljr  used.  It  is  so  arranged, 
that,  whichever  way  the  switch  is  set,  the  crank,  C,  is  ou  the  dead  center,  so  that 
tiie  lateral  strains  of  passing  cars  (»r  engines  can  exert  no  tendency  to  tnm  it.  The 
^  GreeawtHMl**  staMd,  mode  by  the  PennsylTania  Steel  Co,  Steelton,  Pa,  has 


a  tumbling  lerer,  bnt  is  so  arranged  that  (nnlike  the  ordinary  tumbling  lever)  it 
can  be  nsed  for  either  a  two-throw  or  a  three-throw  switch. 

Tumbling  switches  are  convenient  because  they  occt^y  hut  little  space.  By  meaiM 
of  a  target  or  lantern,  connected  with  the  switch,  they  may  be  niade  to  indicate  to 
the  engine  driver  tlie  position  of  the  switch. 

When  the  switch  is  set  either  way,  the  lever  is  padloelced  to  a  staple  driTen  into 
the  tie  and  passing  np  throngh  the  slot  in  the  handle  of  the  lever.  The  lever  is  fre- 
qnently  made  with  a  weight  of  say  20  lbs  on  its  free  end,  to  aid  in  bringing  it  down 
to  its  proper  position.  Prtee  of  a  tnrabUngwlerer  stand,  1888,  98.50  to  S6X)0,  with- 
out target. 

Art.  6.  Fig  9  rmresentsa  common  form  (tf  the  npH^lit  lever  and  stfsnd. 
...  -..^     .  _      .„  .  tttiel  


The  switch-i 


_s  4, 7and  8,  is  generally  attached  at  uie  lower  end.  A,  of  the  lever. 
The  ca8t-in)n  frame,~T^  is  fasteoed  to  tlie  long  tie,  T,  Tig  4«  by  large  screws  or 
spikes,  which  pass  throtigh  its  breitd.  feet  or  flanges,  BB.  The  top  of  the  frame  is 
provided  with  two  notches,  NN,  and  8ti4»les,to  which  the^ever  is  secured  by  a 
padlock.  When  this  stand  ie  to  be  used  for  a  I^M-throw  switch,  the  frame  haa 
tJtree  notches  and  three  staples.  The  upright  stand  may  be  used  wherever  it  will 
not  be  in  the  way  of  passing  trains.  The  target,  T,  at  the  top  of  the  lever,  by 
showing  the  position  of  the  latter,  indieates  to  the  driver  «f  an  approaching  engine 
which  way  the  switch  is  s«l» 


Fig.». 


iftckibs 
MONKEY  SWITCH 

Pig.  10. 

Art.  7.  In  the  ^^  Honkey-switeli,'*  Fig  10,  the  crank,  o«,  is  moved  hori' 
tontally  through  an  arc  of  a  circle  by  means  of  the  lever,  h  h,  about  3  ft  long,  which 
fits  upon  the  square  head, »,  of  the  vertical  spindle  or  pin, «  o.  The  switch-rod,  R'  Figs 
4,  7  and  8,  is  attached  to  the  pin,  tt7. 

Many  modifications  of  the  monkey-switch  are  in  use.  1%e  spindle,  9  e,  is  fre- 
quently made  long  enough  to  bring  the  lever  to  about  the  lever  of  the  hand;  and 
the  lever  is  permanently  attached  to  the  stand,  and  hinged  hear  the  Spindle  so  as 
to  hang  down,  out  of  the  way,  when  not  in  use.  To  the  top  of  the  spindle  is  fte- 
quently  attached  a  vertical  n^d  of  any  desired  length,  and  carrying  at  Its  top  a  taraet 
wuich  turns  as  the  spindle  does,  and  thus  indicates  thetfi^itiKffbf«^i*^'itcli. 
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JLwtm  S.  All  pftrts  of  the  awitcfa-steDd,  and  the  tie  upon  which  it  rests,  should 
be  pei-fectiy  rigid,  becHOse  it  is  very  iniportaut  that  they  sliouhl  hold  the  ends  of 
the  nwltch-raild  exactly  in  line  with  those  of  the  main  line  and  turnout.  They 
therefore,  in  Tiew  of  the  great  strains  to  which  they  ai-e  subjected,  must  be  strongly 
constructed,  and  frequently  looked  after.  See  Automatic  switch-stand,  Art  12, 
Mid  ]>«  Toiit^i  switch-stand.  Art  14* 


Fig.  11. 


AlPt.  9.  In  Jigs  1  and  4,  (i  7  m  is  called  the  swltell-Mlffle*  The  dift,  tf  fPi, 
Figs  1, 4,  and  11,  vequired  fur  the  motion  of  the  toes,  is  caUedthe  throw  of  the 
■witch.  It  must  bevuual  at  least  to  the  width,  d  to,  ITig  11,  of  the  top  of  the  rail, 
in  addition  to  a  width,  to  m,  sufficient  to  allow  the  flangos  of  the  wheels  to  pass 
along  readily  betMreen  h  and  e,  Fig  1,  and  between  r  and  «.  The  tops  of  the  rails 
are  >;eneraUy  between  2  and  2}^  ins  wide;  and  abo«t  ^%  to  2}^  ins  snffle^  for  the 
flanges.    The  throw,  dm,  however,  is  commonly  about  5  ins. 

Tb«  sailffef  Ig  6,  p  771,  of  a  railroad  track,  is  the  distance  between  the  imter 
■ides  QW  of  tiie  heads  of  its  two  rails.  Hence  these  inner  sides  are  called  the  gnu§ie 
»i<les  of  the  rails. 

Art.  10.  The  stub-switch  Is  cheaper  to  flret  cost  than  the  improved  safety 
■witches.  Arts  13|  16,  etc,  but  is  less  economical  in  the  long««n. 

As  it  is  very  essential  that  the  toes  of  ttie  switch-rails  should  never  come  into 
contact  with  the  adjoining  rail-ends,  a  space  of  about  an  inch  must  be  allowed 
at  the  toes  for  expansion,  and  for  *' creeping"  (see  p  764).  fPhis  renders  the  blows 
of  passing  trains  very  severe;  and  iiUurions  to  roiHng  stock,  and  to  the  raii-ends. 
Tlie  htf  ter  are  worn  away  rapidly  and  must  be  frequently  renewed.  From  the  same 
cause  the  tie  under  the  hoad-ptnte  is  apt  to  become  loose  in4ts  bed. 

In  ordering  fixtnr<Si  for  stnh-^swifteliefi,  the  exact  section  of  mil, 
and  gauge  of  track,  should  Ik)  given.  The  eofit  of  tk  stnb-swltirh  with  switch* 
■taao,  1^  1S88,  ^t-«vm  S18  to  $80^  •ccording  to  site,  finish,  character  of  stand,  Ac,  Ac 
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Art.  13.    The  ^^  Aal4Mii«ile  **  •wltcln^tiMMl,  ««<)«  by  the  PMiiw  Steel 

Co^  U  Ahown  io  hor  MCtiou  by  Fig  U,  and  in  vert  section  by  Fig  15 ;  nud  la  designed 


Fig.  15. 


eepeciiUly  for  epllt-ewitchei  like 
those  shown  in  Figs  12  and  13.  It 
is  operated  by  a  tumbling-lever,  L, 
Fig  14.  To  tlie  hor  axis,  A.  of  the 
leTer,  is  fastened  the  beTeled  pin- 
ion, P.  This  engMjns  in  the  teeth 
of  tlie  quadrant,  Q,  and  nioTes  it 
horiaontally  tfarongh  a  quarter  of 
thrown  from  its  position  L  to  that 
ines.  The  rod,  R',  fmm  the  switch, 
this  quadrant;  and  the  movement 
u.  «7»  -uo  switch,  and  at  tiie  same  time  turns 
the  target,  T,  Fig  15,  or  lantern,  fixed  to  the  vert  spindle,  S.  thus  indicating  the 
position  of  the  switch.  The  gearing  is  enclosed  in  a  cast-iron  case,  as  shown  in  Fig 
15.  If  A  train  on  the  ttunumtt  moving  in  tlte  direction  of  the  arrow,  Fig  1  (or  "  trail- 
ing*'), approaches  a  split-switcli  provided  with  tlie  automatic  stand,  and  set  (through 
oversight  or  otherwise)  (or  tha  mom  tcacJ(,as  in  Fig  12,  the  flange  of  the  first  wheel, 
pressing  between  raits  X'  and  S'T',  will  push  the  switch-rails  into  the  proper  posi- 
tion. Fig  13,  for  the  twnmU;  at  the  same  time  necessarily  throwing  the  weighted 
lever  over  into  the  reverse  position  and  turning  the  target  so  as  to  indicate  that  the 
switch  is  set  for  the  turnout.  A  similar  movement  of  the  switch,  in  tlie  opposite 
direction,  takes  place  if  a  trailing  train  on  the  main  track  approaches  the  switch 
when  set  for  the  tumotUy  as  in  Fig  13.  Hence  the  term  ^  automatic,"  as  applied  to 
this  stand.    The  switch  is  thus  made  a  safety  switch. 

Tlie  eoAi  of  Uie  aatommiic  swItclHStMMl  (1888)  is  aboqt  $U». 


Art.  18.  Tlie  IiOrens  Msfety-ewlteh.  designed  by  the  late  Wm. 
liorenz,  Bsq,  Ch  Bng  of  the  Phila  k  Reading  R  R,  is  a  split-switch,  in  which  the 
connecting-bar,  R',  nearest  to  the  toes,  is  prorided  with  a  •prisiir,  S,  Fig  1ft,  placed 
sometimes  betvreen  the  rails,  as  there  shown :  sometimes  outside  of  the  track.  This 
spring  permits  the  moving  of  the  switch-rails  by  the  wheels  of  a  trolling  train,  aa 
does  the  automatic  switch-stand.  Figs  14  and  16 ;  hut,  after  tht  pwisage  of  ♦•ach  wheel, 
the  spring  returns  the  switch-raili  to  their  original  position.    Tlie  blow  of  the 
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■wMBfa^nrfKngaimt  tli*  NU^ik^nrflt.  IhiH  ocmbIaimI.  i^  fi^rlmM  to  h»th.  mn^  IbMm  to 
t>rMk  th«  fnroMr.  On  the  other  h»*id,  the  eonpreMlon  of  the  fiprioi;,  during  tho 
pMMfc^  of  the  trafn  throneh  the  switch,  somelimes  impAini  its  elasticity,  ao  that  it 
then  fiUls  to  return  the  awitch  mil  to  its  proper  position  in  contact  with  the  stock- 
rail,  ani  allows  It  to  remain  half  an  ln<^h  or  mo~e  awny  firom  it  and  In  daneer  of 
heiofi;  Btmck  bj  the  wheel  flanges  «4  appro^ehlng  train i  **faein^*'  the  switch.  A 
similar  accident  may  happen  dnrinf  the  ordinary  working  nf  the  switch,  if  an 
obstacle,  as  a  small  «tone«  becom>4  lodged  between  the  switch-rail  and  the  stock- 
mil  ;  f  v  the  spring  may  permit  the  awitchman  to  fbroe  tiie  ^witch-leror  hcnne  to  its 
place  withoat  bHngIng  ^e  two  rails  properly  into  contact.    See  Art.  14. 

Art.  14.  De  ¥«lii'V  safety  nwlteh-Atand,  Vig  17,  made  by  Peana 
Steel  Co,  is  designed  to  remedy  this.  In  this  stand,  the  spring  is  placed  in.  and  ao- 
cured  to,  a  semi-cylindrical  iron  8prinfei«asaor  box,  B ;  to  thoopposite  sidva  of  which 
tre  fixed  two  hor  axles.    One  uf  these  is  shown  at  A.    This  axle  passes  through  the 
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switch-Ierer,  L,  near  Its  fulcrum,  F.  It  also  passes  throngh  the  inTerted  T-shaped 
slot,  H,  in  the  rigid  bar,  S,  which,  togetlier'idtti  the  bar,  W,  aftacBed  to  the  spHuis- 
case,  is  Jointed,  at  J,  to  the  switch-rod,  B'.  When  the  twitch  is  properly  set,  either 
for  the  main  line  or  for  the  turnout,  the  axle,  A,  is  iu  the  hor  part  of  the  slot,  H, 
and  immediately  under  the  vert  part,  so  that  there  is  no  obstruction  to  ^e  move- 
ment of  the  switch,  and  a  trailing  tmin  will  open  a  misplaced  switch  as  explained 
in  Arts  VI  and  IS.  But  when  the  lever  is  raised,  ibr  the  purpose  of  setting  the  switch 
in  the  other  position,  the  axle,  A,  rises  into  the  vert  part  of  the  slot,  as  in  the  fig:, 
lifting  the  spring-case  with  it.  If  now  any  obstrnctiou  prevents  the  switch-rail 
fmm  being  pressed  home,  the  rigid  bar,  S.  by  means  of  the  axle,  A.  prevents  the 
lever,  L,  from  moving  fkrther.  Cost  of  Be  TooiIb  stand,  1888,  is  about  $12, 
without  target. 

Art.  15.  Theory  would  require  that  the  lenrtlis  of  the  swlteh-ratls. 
In  split-switches,  should  vary  with  the  mdins  of  the  turnout  curve,  and  formerly 
they  were  so  made,    l^liere  this  radius  is  such  that  a  Mo  10  frog  fsee  Art  26)  is  re- 

Siuired,  the  switch-rails  should,  theoretically,  be  28  ft  long.  But  in  practice  a  ani- 
orm  length  of  16  ft  (Just  half  the  usual  length  of  the  steel  rail  from  which  the 
switch-rails  are  cut)  for  all  turnouts,  gives  the  best  results,  combining  ectmomy  of 
mnnnfacture  with  greater  strength,  and  gnreater  ease  of  handling,  than  are  possible 
with  much  longer  rails. 

A  rt.  !••  It  will  be  noticed  that  lR•poin^switches  (as  also  in  the  Wharton  switch. 
Arts  18,  Ac)  there  can  be  no  such  Jar  as  that  occasioned  in  the  stub  switch  by  the 
long  space  between  the  toes  of  the  switch-rails  and  the  ends  of  the  adjoining  mils. 

Art.  17*  It  Is  important  that  the  thin  portlpns  of  each  switoh-rail  should  be 
carefully  shaped  so  as  to  receive  throughout  a  firm  lafKTal  support  Ppom  the  stock- 
mil  when  in  contact  with  it.  Otherwise  the  switch-mils  are  in  danger  of  bending 
under  the  lateml  pressure  of  passing  trains.  This  might  throw  the  point  out  from 
'  th<^  stoekfail,  endangering  ttie  train* 

Tlie  prieo  of  a  I5*ft  I^orens  switcli,  including  the  two  point-rails  with 
connecting-bars,  spring,  spring-fixtures,  switch-ixHl,  slide-plates, and  mil-bmcee,biit 
exclusive  of  stock- rails,  lever,  and  stand,  is,  1888,  about  830  to  t^  aocording  to  weight 
of  rail,  gauge,  &o. 

I^orens  switches  about  7Ufft  loagr  are  made  for  yard  use.  Price, 
including  the  same  items  as  in  the  full-sized  switches,  1888.  about  $25  to  133. 

Art.  17  a;  Fig.  17 a  »hows  n  thrse-ttirow  point  switdi  msde  hj  The 
Weir  Frog  Co.,  Cincinnati,  Uhii>.  It  has  the  usual  t»toolc  rails,  C  and  Z,  and  four 
switch  rails,  A,  B,.  X  ami  Y.  The  switch  rails  ail  slide  npuu  the  same  set  of  iron 
•*  frictioD  plates,"  which  are  spiked  to  the  tiee  under  the  rails,  but  are  not  ahowD  is 
the  figure.  Ralls  A  and  B,  are  hehl  rigidly  together  by  four  ooaDi»otiag  bara 
a,  a,  a,  a,  while  X  and  Y  are  similarly  connected  by  the  other  four  connecting  ban 
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FEET. 

r,  X,  «,  ».  Each  pair  of  switch  raHs,  thus  formed,  mores  independently  of  the  other; 
the  switch-rod  R  a  operating  the  pair  A-B,  and  Ry  operating  the  pair  X-Y.  Our 
figure  shows  the  switch  as  arranged  fur  two  separate  switch-stands,  one  on  the  near 
side  operating  the  t<^  R  y  and  the  rails  X-Y.  and  one  on  the  farther  side,  operating 
the  rod  R  a  and  the  rails  A-B;  hut  it  may  be  arranged,  instead,  so  that  both  pairs 
of  rails  may  be  operated  by  means  of  a  single  stand,  placed  on  one  side  of  the  switch. 

The  Ix>renK  spring  (Art.  13,  p.  775)  may  be  nsed  with  this  switch,  if  desired. 

The  figure  shows  the  switch  net  for  the  track  X  Z. 

To  set  it  for  the  track.  A  Y,  tlie  rod  R  y  is  pulled,  and  draws  rails  X-Y  over, 
bringing  Y  into  contact  with  Z,  so  that  wheel  K  may  run  upon  rail  Y,  and  leaving  a 


M 

space  between  rails  X  and  A  for  the  passage  of  the  flange  of  wheel  L,  which  wheel 
then  runs  upon  rail  A. 

To  set  the  switch  for  the  track  G  R,  the  rod  R  a  is  then  pu8h**d.  and  throws  rails 
A-B  over,  bringing  6  again  into  contact  with  Y,  so  that  wheel  K  may  inn  upon  rail 
B,  and  leaving  a  space  between  rails  C  and  A  for  the  flange  of  wheel  L,  wliich  wheel 
then  runs  upon  rail  C. 

As  in  all  point  switches,  it  is  impossible  to  spike  the  inner  flanges  of  thn  stock 
rails  C  and  Z  lo  the  ties  along  that  portion  of  th^-ir  length  (s^rae  12  feet  from  the 
switch  point)  where  they  come  in  contact  with  the  switch-rails.  As  a  substitute 
they  are  provided  with  special  supporting  blocks  S,  S.  on  the  outer  Ride.  In  the 
Weir  switch,  each  of  these  is  made  of  one  piece  of  flat  bar  iron,  bent  over  and 
twisted,  and  serving  also  as  a  sliding  plate,  as  shown  more  clearly  in  the  section  n  o. 

Fig.  17  by  which  hhown  also  the 


Kig.  ir^ 
SECTION  ATpq. 
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manner  of  faRtening  the  end  (f 

the  flat  connecting  bar  a  to  the 

ba'se  of  rail  A  by  means  of  a 

malleable  casting  M,  through 

which   the  end  of   the  bar  a 

pasRes,  and  to  which  it  is  I  olted. 

The  end  shown  in  Fig.  17  6  is 

that  which  passes  under  rail  X 

and  ia  therefore  hidden  by  it  in 

Fig.  17  a.     The  section  atp  */, 

(flg.  17  c)  shows  the  attachment 

of  one  of  the  rods  x  to  rail  X. 

The  arrangement  here  is  similar  to  that  at  n  o,  except  t'  at  in  Fig.  17  c  tlie  malleable 

oasting  M  is  loUfd  to  the  weft  of  the  rail  as  shown,  while  in  Fig.  17  h  it  is  of  different 

•bape,  and  is  riveted  to  the^w^  of  the  rail. 

These  three-throw  switches  coat,  1888,  about  |65  each,  without  stand. 
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Art.  22.  Frof^.  The  frog  is  a  contrivuice  for  allowine  the  flange  of  the 
wheel  on  the  rail  e.  a;,  Fig  1,  tu  cruse  the  rail  r«;  and  that  of  the  wheel  on  r  2,  to  croes 
tx.  Tbe  first  eontrivanee  for  thi«  porpose  was  a  bar,  approxi- 
mately of  the  shape  of  the  rail,  pivoted  at  the  point  where  the  center  lines  of  tho 
rails  ea;  and  r«  cross  each  other,  and  free  to  move  horizontally  about  this  pivot,  so 
that  it  could  form  a  portion  of  «x  when  the  train  was  passing  to  or  from  the  tHtmout, 
or  a  portion  of  rz  when  the  train  was  using  tbe  main  track.    Sometimes  the  pivot 


Fig.  20. 


passed  through  one  end  of  the  bar,  as  in  Fig  20,  and  sometimes  throngh  its  center^ 
as  in  Fig  21.  Such  bars  M'ere  generally  moved  by  a  rod 
(attached  at  n)  and  lever,  similar  to  those  used  for  switches  ; 
and  they  then,  of  course,  required  an  attendant ;  bat  many 
attempts  have  been  made  to  use  such  frogs  by  connectiDj^ 
them  with  the  switch  by  means  of  rods,  &c,  so  that  the  bar 
should  move  automatically  when  the  switch  was  turned. 
Owing  to  the  considerable  distance  (80  ft,  more  or  leesj  be- 
tween the  frog  and  switch,  it  has  been  found  diflBcnlt  to 
secure  simultaneous  movements  of  the  switch  and  frog,  and  the  contrivances  referrvt 
to  have  not  come  into  extensive  use.  Such  bars,  while  they  avoid  the  jar  producrot 
by  wheels  passing  across  the  throat  of  the  frog  <Art  36),  labor  under  the  same  dis- 
advantage as  the  stnb-switch.  Art  10,  in  requiring  a  liberal  allowance  of  space  be- 
tween their  ends  and  those  of  the  adjoining  rails,  to  avoid  any  poeaibility  of  their 
conKng  into  contact. 


Fig.  22. 


Art.  23.    These  bare  were  soon  superseded  by  rigid  east-lron  frogps,  Pig^ 
!2  and  23.    These  were  luu-dened  by  chilling,  so  as  better  to  resist  the  action  of 


Fig.  23. 


I»s8ing  wheels;  but  even  with  this  precaution  they  wore  out  so  much  more  rapidly 
than  the  rails,  that  the  wing^^  wm  and  »c,  and  the  toiigrue,  P,  were  capped 
with  steel  from  }^  inch  to  1  inch  thick,  bolted  or  riveted  to  their  upper  surfaces. 
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The  triMkgle,  P,  called  the  tongue  of  the  frog,  is  the  meetiDg>polnt  of  the  two  rails, 
ft  and/s!,Figl ;  while  the  wingi,  wm  and  tc,are  continuatiuns  of  the  rails  «andr. 
The  winjrs  give  support  to  the  treads  of  the  wheel8  In  passing  over  the  spaces  between 
tiie  point  and  to  and  t,  whioh  spaces  are  left  for  the  passage  of  the  flanges. 

Tii«*  channel  is  called  the  montll  of  the  frog  at  a,  Figs  2*2  and  23;  and  its 
tliroati  at  tlie  narrowest  part,  w  i.  That  part  of  the  tongue  back  of  u,  Fig  23,  or 
between  u  and  g^  is  called  its  he^l. 

The  channel  is  made  al>oat2  lus  deep  to  prevent  the  flanges  from  tonching  its  bottom. 

The  projections,  ( <,  Fig  22,  are  for  bolting  the  frog  to  the  wooden  crosM  ties. 

Although  one  side  of  the  frog  forms  a  part  of  the  turnout  curve,  its  shortness  war- 
rants us  in  making  both  sidus,^'o,  sf,  Fig  23,  straight. 

Art.  24.  Gnide-rallB,  or  gimrd-rails,  py'.  Fig  1.  Suppose  wheels  to  l>e 
rolling  from  A  toward  B,  Fig  1,  on  the  main  track;  the  switch-rails  being  in  the 
dotted  positions.  On  arriving  opposite  the  fr(^,  some  irregularity  of  motion  might 
cnui«a  the  flanges  of  the  wheels  running  along  tlie  rail,  r«,  to  press  laterally  against 
said  i-ail.  Consequently, after  passing  the  throat, te  i.  Fig  22,  they  would  press  against 
the  wing,  ici  and  passing  between  oand  P,  they  would  leave  the  track:  or  strike 
the  thari)  end  of  P,  breaking  it,  and  endangering  the  train.  To  prevent  this,  the 
guard-nJl,  0.  Fig  1,  is  placed  so  near  the  rail,  6  h  (say  1%  to  2  ins  from  it),  that  the 
flanges  at  (A,  while  passing  between  it  and  p,  prevent  those  at  the  opposite  rail 
from  pressing  against  the  wing, »  e,  Fig  22,  and  from  striking  the  point ;  and  guide 
them  safely  along  their  proper  channel,  t'  m.  Similarly,  if  wheels  be  rolling  from 
A  toward  D,  Fig  1  (the  switch-rails  being  in  the  positions,  9  m,  ps),  the  centrifugal 
force  due  to  the  curve  wonid  cause  the  flanges  to  prSss  against  the  rail,  «x,  and 
against  tlie  wing,  m  in.  Fig  22,  thus  rendering  the  train  liuMe  to  the  same  kind  of 
accident  as  In  the  preceding  case.  This  Is  prevented,  in  the  same  manner  as  before, 
by  tiie  guard-rail,  y',  Fig  I,  whioh  keeps  the  flanges  in  tlieir  proper  channel,  w«f 
Fig  21 

Tlie  iMU*row  llfUi|re-W«J'  between  the  guard-rail,^.  Fig  1,  and  the  rail.  6 A, 
mIiwnM  exC«n<l  at  least  a  foot  each  way  from  a  point  directly  opposite  the 
point,/.  Fig  23,  of  the  frog.  In  a  distance  of  at  least  abont  2  ft  more  at  each  of  its 
ends  tlie  giiard-rull  should  flare  out  to  alnnit  3  ins  from  the  rail,  6  /«,  to  as  to  guide 
the  flaugo  into  the  narrow  channel.    The  same  with  g*. 


be  very  flnnly  secured  to  tlie  wooden  cross-ties.  This  Is  nsnatly  done  by  bdHIng 
•gainac  th.  m  two  or  more  ttoot  Mooks  of  rteel,  or  of  wrought  iron,  which,  in  tar% 
are  bolted  to  the  ties.  ^ 

Art.  25.  Tbe  eft»Ui9on  fn^g^  m  first  made,  had  no  proTlalom  for 
fll^tettiiiir  It  to  tiKe  roll«$  but  was  simply  bolted  to  the  cross-ties.  It  was 
afterwards  provided  with  a  recess  at  each  end,  of  the  exact  shape  and  siie  of  the  end 
of  the  rail.  The  rail  euds  were  inserted  into  these  recesses,  and  the  frog  was  thus 
kept  in  line  with  the  rail.  In  flrogs  made  of  mils,  the  same  purpose  is  served  \ty  flsh- 
or  angle-plates,  p  764,  by  wlilch  the  ends  of  the  frog  are  secured  to  those  of  the  mils. 

Art.  26.  Tlie  leMirtll,  a  v^  Fig  23,  of  a  cast-iix>n  frog,  usually  varies  from 
4  to  8  ft ;  and  depends  upon  the  angle,  e/<,  at  which  the  rails,  e  x  and  r  r.  Figs  1  and 
23,  cross  each  other.  This  is  called  ^e  frO|p-an yle.  This  angle  may  be  expressed 
either  In  degs  and  mins,  or  in  the  number  of  times  the  width  of  the  tongue  on  any 
line,  as  o«,  Fig  23,  is  contained  In  the  distance,  gf,  from  the  poiJit./,  to  the  center, 
g,  of  that  line.  This  noiuber  Is  called  the  tr^  number.  Thns,  If  the  angle, 
ofL  Ftg  23.  is  such  that  the  length,  gf,  is  3,  4,  or  10,  Ac,  times  the  width,  o «,  the 
frog  is  called  a  No  3,  4*  or  10,  Ac,  frog.  Fig  23  is  a  No  3 ;  Fig  22,  No  6.  Frogs  are 
usiuilly  made  of  Nos  Ate  12 ;  sometimes  with  half  numbers,  as  1%,  8^,  Ac.  ^ 

Art.  27.  Draw  two  pamllel  lines,  h  b\  d d\  for  the  top  of  rail,  « at.  Fig  23,  and 
h  h'  k  Jf,  for  that  of  rttil,  r  «;  crossing  each  other  at  the  required  angle.  Ihen  the 
intei-sectloa, /,  of  Hnea  d  d'  and  &  V  is  the  theoretical  potnt  of  the  froK.  As 
this  point  wonld  be  too  narrow  and  weak  for  service,  it  is  in  practice  i-ounded  off 
where  the  tongue  is  about  U  inch  wide,as  shown.  If  the  frog  is  to  be  simply  abutted 
to  the  rail-ends,  «»,  Fig  23,  as  in  some  cast-iron  frogs,  the  length,/^,  need  be  only 
great  enough  to  give  a  width,  to,  sufficient  to  accommodate  the  rail-ends,  *  and  a?, 
and  the  hejvds  of  the  two  spikes  at  v  which  confine  tliem  to  the  ties.  If  desired,  a 
portion  of  the  flange  of  each  rail-end  may  be  cut  away  so  that  the  rail-heads  come 
t<»gether;  thus  diminishing  the  width  necessary  tor  to,  and,  of  course,  the  distance. 
fg.  In  the  case  of  oast-iron  fVogs  provided  with  recesses  for  holding  the  rail-ends, 
as  In  Art  26,  the  width,  o  ^  and  length,  fg,  must  of  course  be  greater. 

In  frogs  neode  of  rollft,  the  leniptli  must  be  such  that  the  rail-ends, 
M  and  X,  Fig  23,  are  far  enough  apart  to  give  room  tor  fitting  to  their  inner  sides  the 
spliee-pliites  by  which  they  are  connected  with  the  frog.  Where  on^fe-plates  are 
use<t,  this  distance  mtist  be  greater  than  in  the  case  of  ^-platee. 
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Into  recesses  let  into  the  sides  of  the  throat-pieces  and  blocks.    The  Clamps 

3 re  prevented  from  sllillnar  by  clips  riveted  on  the  flanges  of  tlie  railii. 
reat  care  is  tnken  to  hare  all  the  «^Jollllli|r  mnrtheem  In  f\nll  eontnet 

Wltll  eaeh  •tber,  tlironghont,  so  as  to  diminish  the  liability  to  wear. 

Art.  33.  The  Co  akio  make  stiff  frogs  in  whiclj  the  parts  are  held  together  by 
bolta  passing  through  the  rails  and  the  throat-pieces ;  and  others  in  which  there 
are  no  thniat-pieces,  and  in  which  the  four  rails  forming  the  frog  are  riveted  to  a 
wroiight-iron  plate.  (A  spring-rail  frog,  of  the  plate  pattern,  is  shown  in  Fig  'U^ 
p.  784.)  All  of  these  frogs  can  be  made  of  any  desired  length  and  to  any  desired 
angle.  Tlie  etandard  lenvtli  of  stiff  frogs  from  6  c  to  d«,  for  Nos  4  to  8. 
inclum ve.  Is  8 ft ;' Noe 9 and  10, 9tt ;  Nos  11  and  12, 10 ft ;  No  1ft,  12  ft.  Prlees. 
18F«  $1 8  to  t26,  accordior  to  weight  of  rails  aad  the  length  of  frog. 

Art.  3#»  In  fha  W«lr  fth%  (Weir  Frog  Oo.,  Cincinnati,  OhloX  Fig*.  26  A, 
26  B  and  26  0,  the  aotchlnf  of  the  main  or  long  point,  %  to  receive  the  short  point 
d,  is  avoided  by  forging  tlie  IMter,  vnder  hydrsulie  presenre,  to  fit  the  former  which 


ITig.  20  A 

is  used  as  the  upper  die  in  the  Ibrging  prooees.  Tlie  rail  forming  the  long  point  •  is 
thoe  preserved  intact  throughont  the  space  where  the  two  pdnts  are  In  contact,  as 
shown  In  the  section  $Ano,  Fig.  26  B.    The  short  point,  d;  is  held  tightly  against, 


Fife^SBlB 
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and  tinder  the  head  of;  the  long  point  s,  by  the  tightening  of  the  nnts  on  die  bolta 
(which  are  provided  with  nn^locks),  and  thus  gives  It  additional  support. 

The  long  flMng-blocks,  (I,  are  forged  in  dies  from  wrought  Iron  or  steeL  They 
ero  then  leaned  to  fit  the  point  rails,  drilled,  and  boUed  as  shown. 

These  frogs  eoaty  1888,  from  $18  to  $28  each,  according  to  length,  angle,  and 
weight  of  raO. 

Art.  35.  Tlie  otije^  tn  rednelns  the  width  of  the  channels 
for  some  distance  each  way  from  the  point,  /,  Fig  23,  so  as  barely  to  admit  the 
flanges  freel}',  is  to  allow  the  trends  of  the  wheels  to  have  as  much  bearing  as  pos- 
sible upon  the  wings  and  tongue  while  moving  over  the  broadest  part  of  the  chan- 
nel near  /.  In  fh>gs  shorter  tliau  about  No  4,  it  is  difficult  to  secure  sufficient 
bearing  for  the  treads,  even  with  the  utmost  allowable  contraction  of  the  channel, 
when  the  vridth  of  the  tiree  Is,  as  usual,  about  6  ins.  In  the  earliest  frogs  this  diffi- 
culty was  partially  overcome  by  gradually  raialnir  the  bottom  of  the 
ehannel  between  the  point  and  wings,  so  that  the  wheels,  in  traversing  that  part, 
ran  upon  their  Jiangs  instead  of  upon  their  treadt,  Tlie  jar  occasioned  by  the 
tread,  in  striking  i^atnst  wing  and  point,  was  thus  avoided.  This  arrangement  is 
still  used  In  croAig*,  where  the  tracks  cross  at  a  ver>'  obtuse  angle,  and  where, 
oonsequeiitly,  the  wings  can  give  little  or  no  support  to  the  treads.  The  flanges, 
however,  soon  cut  gutters  in  the  bottoms  of  the  channels,  and  thus  Increase  their 
iepths,  so  that  the  treads  strike  the  wing»  and  point,  as  in  the  ordinary  frog. 
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If  «hd  bearing  between  the  head  of  the  epriog-nUl «  and  that  of  the  peint- 
rail/,  is  too  short,  a  ridge  worn  on  the  outer  edge  of  the  tread  of  a  wheel  (y  pass- 
ing from  B  toward  A,  may  drop  between  the  spring-rail  and  the  point-rail  when 
it  reaches  a  plaoe,  near/,  where  the  point  is  narrower  than  the  gutter  worn  in 
the  wheel-tread.  The  ridge  is  then  liable  to  wedge  the  spring-rail  g  away  from 
the  point/.  To  avoid  this,  the  wing  to  of  the  spring-rail,  and  its  bearing  against 
the  point-rail,  have  been  lengthened  in  the  present  pattern,  thus  giving  a  wider 
bearing  and  keepins  the  ridge  of  a  worn  wheel-tread  on  top  of  the  rails  until  the 
frog  has  been  paosed.  The  8tRadar«l  len^Ui  for  either  style  of  sprins- 
nftll  froff,  and  for  any  angle,  is  15  feet. 

Priees,  1890,  nlnte  nattern.  t27  to  $34.   Keyed  pattern,  Fig.  27,  «26  to $32. 

Since  spring-rail  frogs  do  not  present  a  full  bearing  to  wheels  entering  or  leav- 
ing the  ttirnoiUj  but  only  to  those  passing  to  and  fro  on  the  main  track,  they  are 
most  useful  where  the  greater  part  of  the  traffic  moves  on  the  main  line,  and 
where  but  few  trains  use  the  turnout. 

Art.  37.  In  Wood^s  flielf-actlnfir  ft^ff*  which  was  largely  and  success- 
fnlly  used  for  many  years  on  the  Camden  &  Aniboy  R  R,  under  heavy  trains  moving 
at  high  speeds,  and  which,  like  those  just  described,  was  made  entiraly  of  rails;  the 
point,/.  Fie  28,  was  firmly  fixed  to  the  cross-ttesjand  both  or  the  wing-rails,  t  and  «, 
while  rigidly  fixed  at  a  proper  distance  /ram  each  other,  were  free  to  move,  as  a 
whole,  about  their  he«<ls,  6  and  c,  so  that  either  t  or  s  could  be  brought  iato  Mntact 
with  the  point,/.  It  thus  provided  an  unbroken  bearing  to  trains  on  the  turnout, 
as  well  as  to  those  on  the  main  track.  There  was  no  spring;  and  the  frog  remained 
as  it  was  set  by  the  first  pair  of  wheels  of  a  train,  until  another  train,  usii^  the 
otiier  track,  set  it  over  the  other  way. 

If  this  frog  is  set  as  in  fig  28,  ami  an  engine  mores  from  e.  toward  x  (so  that  the 
wings  are  moved  by  means  of  the  guard-rail,  y',  and  the  wheel  at  the  opposite  track, 
ex),  the  motion  of  the  wings  has  to  take  place  while  the  weight  of  the  engine  itself 
is  resting  partly  ou  the  wing-rail,  e<;  and,  consequently,  their  sliding  transversely 
of  the  track  is  attended  with  great  friction.  The  same  effect  is  produced  if  /  is  in 
contact  with/,  and  an  engine  moves  from  A  to  B.  This,  however,  did  not^  in  prac- 
tice, seem  to  interfere  with  the  efficiency  of  the  frog. 

Art.  38.  In  orderlnir  nro§^,  give  the  frogangleor  namber,«nd  th^exact 
cross-section  of  the  rail  used  ou  the  road. 

For  aiftrinfr-rall  fr<Hi^«  sjpeeiCf  alsovWhether  the  turnout  is  to  the 
right  or  left  hand.    lu  the  case  of  ttiff  frogs,  this  is  not  necessary. 

Art.  39.    Tke  layins-oat  6f  Tvrfioiits. 

The  words  he«l  and  to«  are  used  in  this  article  with  r^wtnet  to  the  common  or  dub 
smitchy  Fig  4,  in  which  the  heeh  are  at  q  and  p,  and  the  toe^  at  m  and  ».  In  the 
Wharton,  Lorenz,  and  some  other  switches,  the  positions  of  heel  and  toe  will  be  seen 
to  lie  the  reverse  of  this. 

The  formulas  given  in  our  early  editions  for  finding  frog  dist,  rad  of  turnout,  Ac, 
were  based  upon  the  old  practice  of  regarding  the  straight  switch-rails,  qm,p  «,  Fig 
4,  as  forming  a  tangent  to  the  turnout  curve,  which  last  was  considered  as  beginning 
at  the  toes,  m  and  «,  of  the  switoh-rails.  Tke  modem  praetlee  is  to  curve 
the  switch-rails  so  as  to  form  a  part  of  the  turnout  curve ;  the  latter  being  supposed 
to  begin  at  the  Aeelt,  q  and  p,  of  the  switch.  This  view  of  the  case  admits  of  simpler 
formulas. 

In  each  of  the  Figs  29,  30,  and  31,  wp»  represents  the  main  track.  The  flro|c 
dlsttknee,  p/,  is  a  straight  line  drawn  ttom  the  theoretical  point  of  frog,  f,  to  the 
beel,/7,  of  that  switch-rail  which,  when  opened,  forms  the  inner  rail  of  the  turnotit. 
Formerly,  when  the  turnout  cnrve  was  taken  as  starting  at  the  toe  of  the  switch,  the 
frog  dist  was  a  straight  line  from  the  theoretical  pohit  of  frog  to  the  toe,  m,.Fig  4, 
of  the  outer  switch-rail,  qm,  when  opened. 

As  already  remaiiced,  frogs  are  usually  made  of  Nos  4  to  12;  sometimes  with  half 
numbers ;  and  the  turnout  radii,  Ac,  are  made  to  conform  to  them. 

Scrupulous  accumcy  is  not  necessary  in  these  matters.  Thus,  a  deviation,  either 
w^,  of  say  3  per  cent  in  tlie  length  of  the  tnrnout  radius  from  that  given  by  the 
table  or  the  formulas,  will  be  almost  inappreciable.  So  too,  if  a  frog  number  should 
be  used,  intermediate  of  those  in  the  first  column  of  the  table,  the  other  dimeusions 
may  be  found,  approximately  enough,  by  using  quantities  similarly  intermediate. 
A  rail  almost  always  has  to  be  cut  in  two  in  order  to  fill  up  th^  frog  dist;  ai|d  the 
exact  length  of  the  piece  can  be  found  by  actual  measurement  at  the  time  of  cutting  it. 

Rem.  When  the  turnout  leaves  a  titraight  track,  as  in  Fig  28,  the  flr^tf  Rfttfle 
is  equal  to  the  central  angle, /c  o.  When  the  main  track  is  curved,  and^he  turnout 
curves  in  the  oBpOSiti  dit^^tlmi  (inigtai)^it'i0)e«iual'tD  tM  Vniit^/w><«the 
central  angle8,/co,/ft «»;  and  when  the  two  curve  in  tll4  Muno  dtewtten  ^^ 
SI),  ft  is  equal  to  <he  diir(»/c)  oft  the  «ea«i«tl  angles, /co, /no. 

D^itized  by  VjVJ^VIC 
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Art.  40.    T«  lay  out  a  iamant,  p  «•  Fl«  90,  ftpam  a  straicliC 
track«l>4U     From  tbe  colaion  of  radii  in  the  table  below,  select  one,  co^  suit- 
able for  tbe  taruottt ;  together  with  the  correspond- 

Q»     — -^....^ • ing  frog  number,  frog  ai8t,p/,  and  switch  length. 

Place  tbe  frog  so  that  tbe  maiu-line  side  of  it« 

^1 -«>^      >,^^ tongue  shall  be  at  /«,  predad^  in  line  with  the 

fff  "j    ^'"~-"^>^    ^^   '^      Z    *""«'  ^fS^  *>f  ***•  '^*lt  *«'*♦  *«*d  its  theoretical 

./^^^  \  iK^nt,  /,  at  tbe  tabular  fh)g  dist,  j>/,  from  the 

\    \fp    starting-point,  p.    Stretch  a  string  from  q  (oppo~ 

\   \      site  p)  to/;  and  from  it  lay  off  the  three  ordinates 

from  the  table ;  thus  finding  three  points  (in  addi- 

^  tion  to  a  and/)  in  tbe  outer  curre.    Do  not,  hoW" 

{     /      SHff.  SO  ever,  drive  stakes  at  these  points;  but  as  each  <^ 

I  /  them  is  found,  measure  off  from  it,  inward,  half 

^^  the  gauge  of  the  track:  and  there  drive  stakes. 

Do  tbe  same  from  q  and/.  Tbe  five  stakes  will  all 

then  be  in  the  dotted  center  line  of  tbe  turnout.  Fig  20;  and  will  serve  as  guides  to 

tbe  work,  without  being  liable  to  be  displaced.    Tbe  dimensions  in  the  table  below 

are  found  by  Uie  fallowlns  formalas,  the  main  track  being  straight: 

imlf  ftiT'.S!.«le     ^Oa-go-KFrogdfat. 

FrOiT  IVo =  Y  ^^^^*  co-i-  Twice  the  gauge. 

Or,  Froar  No =»  Half  the  cotangent  of  half  the  frog  angle. 

Raolns  e  O =  Twice  tbe  gange  X  Square  of  frog  number. 

Or,  Radins  e  o =  (Frog  dist  pf  -i-  Sine  of  frog  angle)  —  half  the  gunge. 

Or,  Radius  e  o ^  M^auge  -^  Tersed  sine  of  frog  angle)  —  half  the  gauge. 

Froji^  dint  p  r. =  Frog  number  X  Twice  the  gauge. 

Or,  Froy  dtol;  p  f =»  Oange  pq  -i-  Tangent  of  half  the  firog  angle. 

Or,  Froc  dlwt  p  f. =  (Rad  c  o  +  half  tbe  gange)  X  Sine  of  th>g  angle. 

Middle  ord =  l^  g>«nge,  approx  enough. 

Eaell  side  ord...  «=  %  mid  ord  =  ^  (or  .188  of  the)  gange,  approx  enough. 

Swlteh  lienrth  =  .    /  ^     Tlirow  in  ft  x  lOQOO 

approx  enough  \/  Tangential  dist  for  chords  of  100  ft,  for  nid  coot 

^  turnout  curve.    See  table,  p  726  to  728. 


TABLE  OF  TVBNOVTS  FB(Ni  A  STBAIOHT  TBACK.    Fig  29. 

Gange  4  ft  8^  ins.    Throw  of  switch  6  ins. 
For  any  other  yangre,  the  frog  angle  for  any  given  frog  nnmber  remains 
the  same  as  in  the  table.    Tbe  other  items  may  be  taken,  approx  enough,  to  vary  di« 
rectly  as  the  gauge. 
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TiM  swltell  lengtlM  la  ilM  TaMe  merely  denote  the 
I  length  of  H$nl^  switch  that  will  at  tlie  same  time  form  part  of  the  turn* 
«m  curve,  and  give  6  Iim  throw.  Painted,  or  splttHVall  ewitolies,  like  the 
w>r,'nis  4c,  require  only  half  this  throw.  In  practice  all  kinds  are  frequently  made 
nucii  shorter  than  tbe  table  requires,  thereby  sharpening  the  beginning  of  the  curva 
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Ar*  4-1.  TwnMVt fr»M»  a eur««d  atalit  tifttfk.  Tli« foUowingoon- 
yeni-nt  approximate  method  was,  we  believe,  first  published  by  Mr.  £.  A. 
Gi«>8eler,  G.  R,  of  New  York,  in  1878.    There  are  two  cases. 

CfMe  1,  Fig  80;  when  the  two  curves  deflect  iu  opposite  directions. 

€«•«  3,  Fig  «l ;  when  the  two  cartes  deflect  in  tbe  same  direction. 

Having  determined  approx  upon  a  radius  for  tlie  turnout  curve,  take  from  the 
table,  p  726,  its  eorresponding  dfJU>ctioH  angle,  and  that  for  the  main  curve.  Jn 
Case  I,  find  the  mm  of  these  two  angles.  In  Oase  2, 
find  their  difference.  In  the  table,  p  788,  find  the 
dtiflection  angle  (not  the  fr(^  angle)  nearest  to  the 
sum  or  diff  just  found.  The  frog  nomber, 
swltcli  leniptli  and  ttog  dlsiaiiee  />/,  in 
the  table,  opposite  the  defleciion  angle  thus  se- 
]e(^«d,  are  the  prQper  ones  for  the  turnout. 
TftewelioaUjf  we  should,  in  Case  1,  add  to  the  tab- 


I     ^, 

ular  frog  distance  pf  about  half  an  inch  per  100  feet  for  each  degree  of  deflec- 
tion angle  of  the  easier  of  the  two  curves ;  and,  in  Case  2,  deduct  it ;  but  this 
refinement  is  unnecessary. 
Defleetlon  ans-le  of  turnout  enrve 

!in  Case  1}  =  Tabular  deflection  angle  (p  786) — deflection  angle  of  main  curve, 
in  Case  2)  =  Tabular  deflection  sngle  (p  786)  +  deflection  angle  of  main  curve. 
Tor  radius  co  of  turnout  curTe.  having  its  deflection  angle,  see 
table,  p  726. 

Ex.  Rad  of  main  cnrve,  2866  ft.  Rad  selected  approx  for  tumoat,  716.8  ft. 
Here  the  defl  angles  (table,  p  726)  are,  respectively,  2P  and  8^. 

In  <:ase  1;  8°+^  =»  1^.  Nearest  defl  angles  in  table,  p  786,  lO^SC  and  O^Sl'. 

If  we  select  10°  60',  we  have  Frog  No,  1}4;  Switch  L'gth,  21  ft;  Frog  Di8t=  70.6 
ft  +  twice  J^  in  ==  say  70.7  ft;  Defl  Angle  for  turnout  =  10©  fiC  —  2^  =  8°  60' ;  Rad 
€0  (table,  p  726),  649  ft.  If  we  select  V*  81',  we  have  Frog  No,  8;  Switch  L'gth, 
22  ft :  FVog  Dfst  =  76.3  ft  +  twice  U  in  =»  say  76.4  ft ;  Defl  Angle  «=  »«>  81'  —  2°  «= 
7<'31';  Bad  CO,  say  763  ft. 

In  Case  2;  8©  —  2°  =  60.  Tabular  defl  angles,  p  786, 6P  6'  and  6®  81'.  6P  5' 
gives  Frog  No,  10 ;  Switch  L'gth.  28  ft ;  Frog  IM«t  =  94.2  ft  —  twice  i^  in  =  say  94.1 
ft ;  Defl  Angle  =  6°  6'  +  2°  =  8o  6';  Rad,  say  709  ft.  6©  31'  gives  Frog  No,  10)4 ; 
Switch  L'gth,  29  ft;  Frog  Diet  =  98.9  ft  —  twice  »^  in  =  say  98.8  ft;  Defl  Angle  = 
6°  31'  +  2^  =  7°  31';  Rad,  say  768  ft. 

The  frofp  dist  p  f  may  ai^o  l»e  found  tiras : 

Mi^             *     ^  ..    .^  ^             Gauge  X  F»*og  No 
Tangent  of  half  ffto=^  — —^ 2 — 

"  Radius  H  o, 

Frofp  ]>lst  p  f=^npX  twice  the  sine  of  half /no^ 
Place  the  frog  with  the  main-line  side  of  its  tongue  at/«,  in  line  with  tlie  inner 
edge  of  tiie  frog-rail, p  2,  of  the  main  line,  and  with  Its  theoretical  point,/,  at  the 
dist,  »/"  (found  as  above),  from  the  heel,  »,  of  the  inner  switch-rail.  Stretch  a  string 
from/ to  the  heel,  9,  of  the  outer  switch-rail.  Measure  the  dist,  9/,  divide  it  into 
four  equal  parts,  and  lay  off  three  ordinates,  found  thus: 

UiddJe  ord  =  (Square  of  half  qf)  -f-  twice  the  rad  of  turnout  curve.  Each  side 
.  ord  =  three-fourths  of  middle  ord. 

These  three  ords.  and  the  points  q  and/,  give  us  6  points  of  the  outer  rail  of  the 
turnout  curve;  iiud  from  these  we  measure.  Inward,  half  the  gauge,  and  drive  6  cen- 
ter guide-stakes,  as  in  Art  40.  r,        .u.     ...»,.. 
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Art.  49.  To  find  flroff  dista*  Ae,  bjr  meam  •#  *  drawlnip  to 
seole.  Tbe  frog  di»t  can  generally  be  foiiud  uear  enough  for  practice,  U\m%  a 
drawing  on  a  scale  of  about  ^  or  ^  iucb  to  a  foot.  And  do  in  tbe  uaiuy  cases  wbere 
tnmonts  cross  tracks  in  vmiioos  directions,  in  and  abont  stations,  de|>ots,  Ac 

Figs  32  and  33  are  iatonded  merely  to  foraish  a  few  general  liiuts  in  regard  to 


snob  drn  wings.  For  instance,  tbe  curves  of  a  main  track,  as  well  as  those  of  a  tunn 
onr,  generally  have  radii  too  large  to  admit  of  being  drawn  on  a  scale  of  ^  iucb  to 
a  foot,  by  a  pair  of  dividers  or  compasses.  But  they  may  be  manftged  thus :  Draw 
any  straight  line,  ad,  Fig  32,  to  represent  by  scale  a  100-tt  chord  of  tbe  curve,  divide 
it  into  twen^  6-ft  itarts,  a  1,  1  2,  2  3,  Ac,  and  lay  off  by  scale  the  19  corresponding 
ordinates,  1 1,  2  2, 3  3,  ^,  taken  from  tbe  table  on  page  730.  By  joining  the  ends 
of  these,  we  obtain  the  reqd  oanre,  a  c  6,  of  the  main  track;  and  of  course  cau  draw 


the  Inner  line,  y  t,  distant  flpom  it  by  scale  the  width  of  track,  say  4  ft  8^^  ins.  Now 
let  u  c  6  and  y  t,  Fig  33,  be  a  curved  main  track  so  dcawu ;  and  let  any  point  m  be 
taken  as  the  starting-point  of  tbe  turnout,  m  v,  Ac.  On  each  side  of  m  measure  off 
any  two  equidistant  points,  n  and  n,  in  the  same  curve ;  and  through  m  draw  »g^ 
imrallel  tonti.  Then  is  trap  a  tang  to  the  curve,  ym<,  at  i».  Having  determiued 
on  tbe  rad  of  the  turnout  curve,  m  v  e,  draw  that  curve  by  tbe  same  process  as  before ; 
first  laying  off  the  angle,  ^m»,  equal  to  the  tangential  angle  of  tbe  curve,  taken 
from  tbe  table,  p  726.  Then,  beginning  at  m,  lay  off  5-feet  dists  along  m  i ;  and  from 
them,  as  in  Fig  32,  draw  the  ords  corresponding  to  the  turnout  curve.  Through-  tlie 
ends  of  these  ords  draw  the  carve,  m  v  e.  itself.  Then  the  frog  dist  will  be  the 
straight  dist  fh>m  c  to  v,  and  can  be  measured  by  tlie  scale,  within  a  few  inches ;  or 
near  enough  for  practice.  The  middle  ord  of  the  arc,  m  v,  cannot  be  found  correctly 
by  so  small  a  scale  as  ^  inch  to  »  foot,  but  should  be  oalcuhited  thus :  From  the 
square  of  tbe  rad  take  the  square  of  half  tbe  chord,  m  v.  Take  the  sq  rt  of  the  rem. 
Subtract  this  sq  rt  from  the  rad.  If  two  other  prds  should  be  desired,  half  way  be- 
tween m  and  «  and  the  center  one,  they  may  each  be  tnken  as  ^  of  the  center  one. 
Make  the  switch«rail  long  enough  to  leave  2^ ins  at  Its  toe  between  in  n  and  m  h. 

The  frog  angle  at  v  will  be  equal  to  the  angle,  r  « cf,  formed  between  the  tang,  v  r, 
to  the  curve,  acb;  and  the  tang,  «  d,  to  the  curve,  mve.  These  tangs  are  found  in 
the  same  way  as  m  p ;  DMndy,  for  the  tang,  v  r,  lay  off  from  v  two  equidistant  points, 
h  and  A,  on  the  curve,  acb;  and  through  v  draw  v r  parallel  to  h h.  Also,  for  v d, 
lay  off  from  v  any  equidistant  points,  u  and  u,  on  tlie  curve,  mve,  and  through  « 
draw  V  d  parallel  to  them.  This  angle  may  be  measured  by  a  protractor.  Or,  if  on 
the  two  tangs  we  make  v  4  and  v  4  equal  to  each  other,  and  draw  the  dotted  line  44; 
and  from  its  center  at  6  draw  6  « ;  then  6  v  divided  by  4  4  will  give  the  No  of  the  frog. 
With  care,  and  a  little  ingenuity,  the  young  student  will  be  able,  by  similar  proc- 
esses, to  solve  graphically  any  turnout  case  that  may  present  Itself.  The  method 
by  a  drawing  has  great  advantages  over  the  tedious  and  complicated  calculations 
which  otherwise  become  necessary  in  cases  where  curved  and  straight  tracks  inter- 
sect each  other  in  various  directions.  The  drawing  serves  as  a  check  against  serions 
errors,  which  would  be  detected  at  once  by  eye.  None  of  the  graphical  measure- 
ments will  be  strictly  accurate ;  but  with  care,  none  of  the  errors  need  be  of  pmo- 
tical  importance.  The  ordinates  for  bending  rails  so  as  to  suit  turnout  eonres  can 
be  found  from  the  table,  p  7«1.    All  of  Art  42  may  be  done  on  the  ground. 
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Art.  4S«  An  expertenced  track-layer,  with  a  good  eye,  can  place  his  own  guide- 
frtakee  by  trial  uu  the  gruuud  *  and  by  them  lay  his  turnouts  with  an  accuracy  as 
practically  useful  as  the  most  scmpulous  calculations  of  the  engineer  can  secure. 

The  following  example,  Fig  84,  of  a  turnout  from  a  straight  track,  T  Z,  exhibits  a 
ooQunon  case,  in  which  all  the  work  may  be  performed  on  the  ground,  without  pre- 


Fiir.84. 


▼ions  calcnlation.  Tiet  <vo  be  the  tongiieof  a  frog,  with  which  the  assistant  has 
been  directed  to  make  a  turnout  fhmi  Y  Z;  and  that  he  has  received  no  instructions 
mora  than  that  the  turnout  mast  start  at  <<,  and  terminate  in  a  track,  W,  to  be  laid 
paraDel  to  Y  Z,  and  distant  from  it  r  «  or  r  «,  equal  to  6  ft. 

Pl^ce  tha  tongue  of  the  fh)g  by  guess  near  where  it  must  come,  having  its  edge, 
V  i,  greci$eljl  in  line  with  the  inner  or  flange  edge  of  the  rail,  b  r.  Then  stretch 
a  pieee  of  twine  along  the  edge,  o  v,  of  the  frog,  and  extending  to  dg.  Try 
by  measure  whether  v  « is  then  equal  to  ed;  and  if  it  is  not,  move  the  frog  along 
the  Itne,  b  r,  until  those  two  dists  become  equal.  Then  is  v  the  proper  place  for  the 
point  of  the  frog ;  6  v  is  the  frog  dist ;  one-half  of  e  « is  the  length  of  the  middle  ord 
of  the  tumdut  curve,  d  vi  and  if  two  intermediate  ords  are  needed  at «  and  «,  each 
of  them  Witt  tie  ^  of  said  middle  one. 

Tin  frofc  leing  now  placed,  proceed  thus:  Place  two  stakes  and  tacks, »  and  x,  at 
the  veqd  initer-track  dist,  rx  and  rx,  of  C  ft  fh)m  the  rails,  6  r.  Then  range  by 
pieces  of  twine  m  x  and  vf,  to  find  the  point,  n,  of  intersection.  Then  measure  n  v, 
and  Ibake  n  m  equal  to  it.  Then  is  m  the  end  of  the  reverse  carve,  t>  m,  of  the  turn- 
out. The  ords  of  this  curve  may  be  found  as  before;  one-half  of  ni  being  the 
middle  one,  Ac. 

Rkm.  1 1  muy  frequently  be  of  ase  to  remember  that  in  any  arc,  as  v  m,  of  a  circle ; 
vn  and  mn  being  tangs  from  the  ends  of  the  arc;  one-half  of  the  dist,  kn,  is  the 
middle  ord,  A;z,  of  the  curve;  near  enough  for  most  practical  purposes,  whenever  the 
Imgtk  of  the  chords  v  m,  nf  the  arc  U  no*  greater  than  one-half  the  rod  of  the  circle 
ofwhidi  the  arc  U  a  part.  Or,  within  the  same  limit,  vice  versa,  if  we  make  k  n  equal 
to  tM^ce  is,  then  will  n  be  very  approximately  the  point  at  which  two  tangs  from 
the  0Bd8  of  the  arc  will  meet.  Also,  the  middle  ord  of  the  half  arc,  v«  or  «m,  may 
be  taken  as  ^  of  the  middle  ord,  A:  ^  of  the  whole  arc 
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TURNTABLES. 


Art.  1.  A  ««i>«MiiMcf  in- »  n^mU^rm^  tuiuMy  fnm  40  to  M  ft  long  and 
ftboQt  6  to  10  ft  wide  (see  Fig  IJ  upon  which  »  looomotiTe  and  its  tender  may 
be  ran,  and  tlieu  be  tamed  aronud  hor  tbrongb  any  portion  of  a  circle ;  and  tbns  be 
transferred  from  one  track  to  another  forming  any  angle  with  it.  Tlie  table  is  su}>- 
ported  by  a  pivot  under  its  center;  and  by  wheels  or  rollers  under  its  two  ends. 
Frequently  other  rollei^  are  added  between  tlie  center  and  ends.  Beneath  the  plat- 
frirni  is  excarated  a  circular  pit  about  4  or  6  ft  deep,  haTing  its  oircumf  lined  with 
a  wall  of  masonry  or  brick  about  2  ft  thick,  capped  with  either  cat  stone  of  wood. 
The  diam  of  the  pit  in  clear  of  this  linfug  is  aboat  2  ins  greater  than  the  length  of 
the  turntable^  The  lining  is  generally  built  with  astefs  as  seen  in  Fig  1,  for  snp> 
porting  the  circular  rail  on  which  the  end  rollers  travel ;  or,  instead  of  this  step,  a 
detached  support  may  be  used  for  this  circular  rail,  as  at »,  Fig  11.  At  the  center 
of  the  pit  is  a  solid  well-founded  mass  of  masonry  or  timber,  for  the  pivot  to  rest 
on,  as  seen  in  Fig  1.  -  This,  as  well  as  the  step  for  the  end  rollers,  should  be  very 
Arm,  and  perfectly  level ;  otherwise  the  platform  wfll  be  hard  to  work.  The  pUtt- 
form  is  frequently  tooted  across  for  a  width  of  0  to  10  ft  to  furnish  a  iwthway 
across  the  pit,  without  stepping  down  into  it;  especially  when  under  cover  of  a 
building.  At  first  they  were  floored  over  so  as  to  cover  the  entire  circular  pit;  but 
this  increased  not  only  their  cost  but  their  wt,  so  as  to  make  them  dilBcult  to  turn ; 
besides  causing  much  expense  for  repairs;  Mrith  greater  trouble  in  making  them. 
It  is  therefore  rarely  done  at  present,  except  where  want  uf  space  sometimes  ren- 
ders it  neces^ry  iu  indoor  turntables. 

For  the  mlnlmnni  leniptli  of  n  tnmtiible,  add  from  lU  to  2  ft  to 
the  total  wheel  base  (p  806)  of  the  longest  lot  omutive  and  tender  for  wh^h  it  is  to 
be  used ;  but  a  turntable  should  be  several  fpet  longer  than  is  necessary  for  merely 
allowing  the  engine  and  tender  to  stand  on  It;  for  the  increased  length  enables  the 
engine-men  to  move  them  a  little  backward  or  forward,  so  as  to  balance  them  chiefly 
upon  the  oeutrul  support;  and  thus  relieve  the  end  rollers.  By  this  means  the  fric- 
tion while  turning  is  confined  as  much  as  possible  to  the  center  of  motion;  and  is  there* 
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fore  more  readily  overcome  than  If  It  %ret»  aOlowed  to  act  at  tlie  circmnf.  The 
engine-men  rood  learn,  by  feeling, lli6  pnyper  «pot  for  8tt>pping  the  engine  so  as  thus 
tu  balnuce  the  platform.  ^   ^,       -  ,„ 

ArU  ».   Figs  1  to  6  ropreseut  thf  ftellc^ra  eiia^iiw«i(  4«m|mbU»  qf  Wm 

Sellers  &  Co.»  Pliila.  It  consists  of  two  cast-iron  gii^iers  of  alMMit  1%  iiis  averac^ 
thickness,  perforated  Uy  circular  openings  to  save  metaL  One  of  tbese  girders  is 
shown  in  Fig  1 ;  and  parts  of  one  in  Figs  3  and  4.  £acii  girder  is  in  two  aeparate 
pieces,  which  are  fastened,  as  shown  in  Figs  1, 3,  and  4,  to  a  hollow  cast-iron  **  cen- 
ter-box," JtB,  Figs  2, 3,  4,  and  6,  by  mea^s  of  'Z^  inch  screw-bolts,  at/,  Fig  3;  and 
by  hor  bars,  o  o,  of  rolled  iron  about  8%  ins  square,  fitting  into  sunk  recesses  on 
top  of  the  boxinc  and  tightened  in  place  by  wedges,  i  i,  tcrew-bolted  beneath. 

Art.  S.  The  sides  oi  the  eenier-lM^x  are  about  1%  ins  thick.  It  is  sns- 
pended  from  the  steel  cap,  G,  by  8  screw-bolts  2  ins  diam.  On  its  lower  side 
this  cap  has  a  semi-cylindrical  groove  extending  across  it,  transverselv  of  the 
track,  as  shown  in  Fig  6.  This  groove  fits  over  a  corresponding  semi-cyiindcical 
ridge  on  the  top  of  the  cast^ron  ^*  soelKet,**  <  (so  called),  on  which  the  cap  thus 
rests.  The  socket,  in  tarn,  rests  upon  the  upper  ope, «,  of  two  annular  steel  plates, 
u  and  V,  which  foim  a  circular  Im»x  containing  16  steel  c«iiieal  autl^ 
friction  rollers,  d  d^  Figfi  2, 6,  and  6,  These  are  about  3  ins  in  length,  and 
in  greatest  diam.  They  have  no  axles,  but  merely  lie  loosely  in  the  lower  part,  «, 
of  the  circuUr  box;  filling  its  circumf  with  the  exception  of  about  U  inch  left  for 
play.  In  tlie  direction  of  their  axes  they  have  \^  inch  play.  The.lid,  u,  of  tiie  cir- 
cular box,  rests  upon  the  tops  of  the  rollers,  which  separate  it  from  v  by  about  }^ 
iuch.  V  rests  upon  the  top  of  the  hollow  east-iron  post.  P,  which,  by  means 
of  its  flaoges,  is  bolted  to  the  cap-stone,  M,  of  the  foandaiion  pier. 

In  order  to  insure  a  uertiact  Veacing  of  the  revolving  «ui-fiM;^  up^n  esQh  4)ther, 
and  thus  diminish  the  liability  to  abrasion,  the  rollent,  d  d,  and  the  insides  of  the 
box  in  contact  with  them,  are  accurately  finished,  as  are  also  the  top  and  bottom  of 
the  roller-box,  and  the  surfaces  of  the  socket,  «,  and  post,  P,  in  contact  with  them. 
The  rollers  are  oiled  by  means  of  the  spaces  shown  by  the  arrows  in  Fig  2. 

Art.  4.  A^usimeiit  of  the  heiffbt  of  tlie  lable.  By  turning  the 
nuts,  N  N,  of  the  8  screw-bolts  which  support  the  table,  the  latter  may  be  mised  or 
lowered  1  or  2  ins;  the  cap,  C,  socket,  «,  und  roller-box,  u  v,  remaining  stationary 
on  top  of  the  po8t,  P.  All  turntables  should  have  the  means  4)f  making  such 
aUinstment  Before  the  nuts,  N  BT,  are  finally  tightened  up,  Uie  blocks,  w  w, 
of  hard  woo<i,  cut  to  the  proper  thickness  for  the  desired  ht  of  the  tabled  are 
inserted  between  the  cap,  C,  and  the  top  of  the  center'box,  A  B,  as  shown. 

Tlie  ht'of  the  tahle  shovld  be  such  that  each  of  the  wheels  nt  its  enter 
ends  shall  be  ^  inch,  in  the  elear,  from  the  circular  rail  on  which  they  travel. 

Art.  S.  At  each  of  the  enter  ends  of  tlie  table,  the  two  gii-ders  are  connected 
trausver:<ely  by  heavy  cast-iron  beams,  called  ^  cross-Kir ts."  Tliese  project 
beyond  the  girders,  and  carry  the  cast-iron  end-wheels,  20  ins  diam,  2  at  each 
end  of  the  platform.  The  treads  of  these  wheels  are  but  about  3  or  4  ins  below  the 
bottoms  of  the  ginlers,  and  the  wheels  therefore  do  not  require  any  consfderHblo 
depth  of  pit  for  their  accommodation.  In  order  that  they  may  rim  freely,  their 
treads  are  coned,  and  their  axles  are  made  radiitl  to  the  circular  tsmtable  pit.  In- 
termeiliate  -  transverse  connection  between  the  main  girders,  is  secured  by  the 
wooden  cr<MM«tles  notched  npon  them  to  support  the  mils,  and  frequently  10 
or  12  ft  long,  for  giving  a  wide  footway  across  the  pit.  A  leirer,  8  or  10  ft  long, 
fitting  into  a  staple,  is  nsed  for  turning  the  table,  not  on  a<HH>unt  of  friction,  but  aa 
a  handle  for  tfas  workmen. 

Art.  6*  The  semi-cylindrical  shape  of  the  joint  between  the  cap,  C,  and  the 
socket, «,  permits  tlie  slight  longitudinal  rocking  motion  of  the  turntable  which 
takes  place  when  a  locpmotive  C(»aes  upon  it  or  leaves  it ;  but  prevents  it  from  tip- 
ping sideways,  as  it  yfnB  apt  to  do,  when,  as  formerly,  the  cap  rested  dirdctly  npon 
the  lid  u  of  the  roller-box,  and  the  top  of  the  post  P  was  ^eifii|toN:ical,  forndng  a 
ball-and-socket  joint  with  a  casting  upon  which  the  roller-box  rested. 

Art.  7.  Ten  slses  of  these  turntables  are  Aimishedfbr  lecon]k>tive  nse. 
The  diameters  are  as  follows :  70  feet,  65  feet,  60  Ant,  56  feet,  64  feet,fiO  feet  (two 
patterns^  45  feet^  40  feet,  30  Se^t  and  12  feet.  For  prices,  weights,  dtouentlDns  of  pit 
and  foanda.tions,  timber  required,  etc ;  address  William  Sellers  A  Co,  1000  Hamilton 
8t,  Philadelphia.  Machinery  for  turning,  being  corndderid  unnecsnoniyi  is  not  at- 
tached, unless  specially  ordered.    Its  cost  is  extra.  ^ 

The  entire  cost  of  excavating  and  lining  the  pit;  foundation  for  pivot;  circular 
jpall  for  end  rollers,  Ac,  eomplete  for  a  66-ft  turntable  will  vair  trvm  tl2D0  to  $2500 
ipAa(iitio^(l«pend{vaH>n'Tlie  clW of  materials  and  n  nrlrmr>iililn]  ffnd  whetlier  the 
bottom  of  &e  pit  Is  l^ed  or  not.  .    ' 

Art.  «:    Vho-  ft'tMtei  s  of  turntables  are  now  terjg^erally  «ntde  of 
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ri»ll«<l-lrOfli  pl«ieft,  wtch  girder  being  In  one  piece;  and  th»  two  main  girders 
are  then  couuecfeed  With  each  other,  near  their  centers,  by  two  er«fl«-grirderN 
of  I  or  channel  bcaoaa,  or  of  plute-iron,  one  on  each  side  of  the  centnU  pivot.  These 
cross-girders,  and  the  sides  of  tlie  main  girders  between  them,  form  a  sort  of  rectan- 
gular box,  corresponding  to  the  cast-iron  center-box  of  the  Sellers  table,  Arts  2  and 
3.  The  arrangement  of  the  center  bearing  apparatus,  and  the  manner  in  which  it 
id  connected  with  the  cross^girders,  differ  in  the  tables  of  the  several  makers. 

Art.  9.  In  the  plate-iron  turntables  made  by  the  Edg^e  moor  Bridge  Works, 
Wilmington,  Del.,  the  cross-girders,  G  G,  Fig.  8,  are  of  plate-iron ;  and  at  their  ends 
they  have  flanges,  P  F,  of  angle-iron,  by  which  they  are  riveted  to  the  main-girders,  £. 
In  the  54-fl;.  tables  the  cross-girders  are  28  ins.  apart  in  the  cleu-. 


Enlarged  transverse  section  of  roller- 
box  &c,  on  center  line  of  Fig  8. 

Art.  10.  The  bolts,  H,  by  which  the  taUe  Is  suspended  from  the  cap,  G,  are 
six  ill  namber,  and  are  arranged  in  two  rows  of  thfeeibolts  each,  one  ruw  being  on 
each  side  of  the  post,  P,  and  between  it  and  one  end  of  the  turntable.  To  each  cross- 
girder  is  riveted  a  short  hor  bar  of  angle-iron,  J  J.  Through  the  hor  flange  of  each 
of  these  two  burs  pass  the  3  bolts,  H,  of  one  row.  The  hor  flange,  bearing  all  the 
wt  of  its  gittler  and  load,  rests  npon  tfie  heads  of  these  3  bolts.  To  prevent  the 
flange  from  yielding  under  its  load,  vert  struts  of  angle-iron  are  riveted  to  the  web 
of  the  cross^irder  between  the  bolts.  Two  of  these  struts  are  sliowu  at  K  K,  Fig  7. 
Their  ends  abut  against  the  upper  flange  of  the  cross-girder,  and  against  J  J. 

The  6'  bolts,  H  H,  pasis  up  through  the  flanges  of  the  cap,  G  (three  bolts  through 
each  fliiuge),  and  their  nuts  rest  upon  its  top. 

Art.  11.  The  eap.  G,  is  neld  In  pUtee  on  the  socket,  s,  by  means  of 
flanges  which  extend  down  from  it  on  b<»th  sides,  as  shown  in  Fig  7. 

The  rollers,  d  d,  and  the  roller-box,  u  v,  are  those  made  by  Wm.  Sellers  k  Go, 
Phila,  Art  3. 

The  ht  of  tke  tisMe  may  bo  a^insted,  within  a  range  of  2  or  3  ins,  by 
means  of  the  nuts,  N  N,  as  iu  the  Sellers  table.  Art  4. 

Tlie  lower  part,  r,  of  the  roller-box,  instead  of  resting  directly  npon  the  post,  P, 
as  in  the  Sellers  table.  Art  3.  rests  upon  an  iron  casting,  L,  which,  in  turn,  re^ts  upon 
the  post,  P,  and  is  held  in  place  upon  it  by  a  lug  which  projects  down  into  it. 

The  post  is  built  up  of  plate-  and  angle-irons  riveted  together,  and  may  bo  a  hol- 
low truncated  square  pyramid,  as  shown,  or  of  other  shapes.  Those  presenting  the 
shape  of  across  in  hor  section  have  the  advantage  of  being  accessible  for  painting 
and  inspection.. 

Art.  ISI.  The  laaln  g^ii^^i^  Are  braced  by  hor  diag  rods,  whose  ends 
are  shown  at  Q,  Fig  8.  These  rods  are  provided  with  sleeve-swlyel  turn-buckles,  by 
which  they  may  be  tightened  or  loosened. 

The  remarks  in  Art  6  on  the  end  wheels  of  the  Sellers  table  apply  also  to 
those  of  tha  £d|ge  Moor,  except  that  in  the  latter  the  wheels  are  26  ins  in  diam,  and 
the  cross-girts  which  carry  them  are  of  angle-iron.  The  wheels  are  fastened  to  their 
axles,  which  turn  in  brass  bearings  enclosed  in  cast-iron  journal-boxes.  Each  box 
is  provided  with  means  for  misiiig  or  lowering  it ;  and  the  lirasses  are  rounded  on 
top,  so  as  to  insure  a  uniform  bearing,  no  matter  what  inclination  may  l»e  given  to 
the  axle  by  the  vert  acUustment  of  the  journal-boxes.    The  brasses  may  l>e  retidily 
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rvpUcttd  irh«B  worn  out.  Th«  lover  part  of  the  Joamal-booi  is  llilcd  wtth  oil  ui4 
waste  for  labrioatioQ.  The  seTeral  parts  are  made  large,  iu  ordM-  to  lessen  tho  frio* 
tion  per  square  inch,  and  to  withstand  the  shocks  to  which  they  are  subjected. 

The  lidge  Moor  tables  are  made  60,  64,  66, 
and  60  ft  long,  and  are  designed  to  tnm  the 
heaviest ''Consolidation"  locomotive  and  ten- 
der without  subjecting  anj  part  of  the  iron 
worlc  of  the  table  to  a  greater  tensile  or  com- 
pressive strain  than  10000  &s  per  square  inch. 

Art.  la.  The  ai>proxioiate  weiffhto 
and  prices  of  lE/dge  Moor  tarn- 
tubles  are  given  on  the  accompanying  table. 

Average  cost,  1890,  say  5.2  cts.  per  lb. 


Length. 

FiniRbed  wt. 

Prkw,  18W, 
on  o^n  at 
Bdge  Moor. 

60  ft 
64  ft 
66  ft 
60  ft 

18900  llw 
22600  lbs 
24300  lbs 
26100  lbs 

$1000 
$1200 
$1250 
$1300 

Art.  14.  Fig  9  shows  the  center  bearing  arrangement  of  the  turntable  patented 
and  fumislied  by  Mr.  €.  O.  H.  Frltzsehe,  71  Broadway,  New  York.  The  left 
Bide  of  the  fig  is  in  section ;  tbe'-rig^t  side  is  In  elevation. 


Here  each  eroMi-yird^r, G, is  a  heavy  rollediron  I  beam. to  each  end  of 
which  are  riveted  flanges,  F,  of  angle-fron.  These  flanged  are  hAtki  to  the  webs  of 
tlte  main  girders,  E,  in  order  that  iron  *^iuUnBtlll||r-plAtes*'  of  any  reqnireA 
thickness  may  be  inserted  between  either  angle-flange  ahd  the  web  of  the  main 
girder  which  it  supports.  This  permits  a  transverse  acljnstment  of  the  table,  so  tliat 
the  center  of  gravity  of  its  transverse  cross-section  may  be  brought  immediately 
over  the  vert  axis  of  the  post,  f . 

Art.  15.  Four  rolled-iron  plates,  of  which  two  (or  a  pair)  are  shown  at  Z  Z, 
extend  from  one  cross-girder  to  the  other,  and  are  fastened  to  the  webs  of  the  latter 
by  angle-pieces,  Y  Y.  The  lower  edges  of  these  plates  rest  upon  rollediron  washera, 
X.  Each  waslior  supports  two  of  ffje  font  plates,  Z  Z,  and  re#t#,' ItoHnrtt,  Mpon  one 
of  the  ndts,  NN,  of  the  single  inverted  U-bolt,  H.  The  npper  part  Of  this  U-bolt 
rests  in  a  cast-iron  saddle,  S ;  the  neck,  Y,  of  which  enters  the  top  of  tlie  cast-iron 
post,  P,  and  rests  upon  the  upper  one  ofvifo  steel  discs,  d,  which,  finally,  rest  on  the 
bottom  of  the  cylindrical  cavity  in  the  top  of  the  post.  The  object  In  tiMf 
vse  of  file  sinirle  U-bolt  is  to  reduce,  as  Ikr  as  possible,  the  number  of 
points  of  support,  and  thus  to  reduce,  also,  the  uncertainty  as  to  the  proportion  of 
the  total  load  sustained  by  each.  Its  shape,  and  the  manner  in  which  It  rMta  in  Iti 
tadule,  S,  render  the  table  a  rigid  mass  revolving  on  the  center  pott. 
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A  rt.  16.  Oil  la  Applied  through  openings  in  the  tide  of  the  saddle-caating, 
8  These  openings  communicate  with  a  tert  hole  througii  its  center,  and  thus  with 
a  aimilar  hole  through  each  disc.  The  two  fiftcet  of  the  discs  in  contact  with  each 
other,  form  a  segment  of  a  sphere ;  and  eacli  face  has  three  radial  gutters,  extending 
f^m  its  cen  to  Its  circumf.  Channels  are  cut  in  the  sJdes,  and  around  the  lower 
edge,  of  the  cylindrical  cavity  in  the  top  of  the  post.  Thus  all  tlie  parts  m^hich 
revolve  npon  one  another  can  be  kept  bathed  in  oil. 

ArU  17.  Each  leg  of  the  U-bolt  passes  through,  and  is  held  in  place  by.  a  eiMt- 
Iroil  boXf  B.  These  boxes  are  held  in  po«ition  by  the  edges  of  the  four  taitcr 
ansrles  (oorrespouding  to  Y  T,  but  not  shown  in  the  fig)  bfhoeen  the  plates  Z  Z. 

Sometimes  the  two  washers,  X,  four  plates,  Z  Z,  and  the  two  boxes,  B,  are  omitted," 
ami  two  east-iron  boxes  of  another  slmiie  are  substituted  in  their  places,  one 
for  each  leg  of  the  U-boU.  These  boxes  are  not  fastened  to  the  cross-girders,  bat  the 
npper  flanges  of  the  latter  rest  upon  the  upper  comers  of  the  boxes,  which  are  fitted 
to  them.  The  cross  girders,  in  such  cases,  are  prevented  from  spreading  apart,  by 
bolts  passing  through  Iwth  of  them,  close  to  the  cast-iron  boxes. 

AH.  IS.  The  following  gives  the  welf^lltfi  of  iron  in  several  of  these  turn- 
tables now  in  use ;  with  the  wi  of  loeomotiire  and  tender  which  they 
turn ;  the  niax  load  on  the  end  carriage ;  and  that  on  the  pivot  pier.  This  last, 
of  course,  includes  the  wt  of  track  aad  cross-ties  in  addition  to  the  otlier  wts 
named. 


Bimmor 

Wt  or  Iron  la 

Wt  of  loeo 

Max  lead  on 

Max  load  on 

torn  table. 

torouble. 

and  tender. 

.  end  wbeeU. 

ecntre  plvol. 

n. 

lb«. 

lb*. 

lbs. 

ft*. 

50' 

17500 

124000 

67000 

149000 

60 

20500 

150000 

64000 

177000 

55 

22500 

124000 

61000 

154000 

65 

26500 

161000 

68000 

194iiQ0 

60 

27600   , 

160000 

T4000 

206000 

?rfces,  accompanied  by  strain  sheets  based  npoh  the  wheel  loads  of  loco  and  ten- 
der, furnished  ui)on  application. 

Art.  111.  Tlie  Greenleaf  turntable,  Clements  A.Greeuleaf,  M  £,  Indi' 
auapolis,  lud,  patentee  and  manulisetarer ;  is  made  in  a  variety  of  forms.  Its  din* 
tingnlaliinir  feature  consists  Jn  a  series  of  27  eylindrieal  steel  roll- 
ers, R  R,  Fig  10,  Zfg  ius  diam,  with  their  axes  vert.  These  rollers  are  arranged 
in  a  circle  around  the  post,  P,  P,  near  iU  bate.  They  have  no  axles,  but  are  hehl  in 
a  circular  cast^teol  box  attached  to  the  cross-girder,  as  in  the  flg,  or  in  a  circular 
groove  in  the  center-box  when  this  last  is  of  cast-iron.  The  post  is  made  cylindrical 
externally,  near  its  foot, as  shown,  iu  order  to  give  a  full  b«tring  to  the  vert  sides  of 
the  rollers.  Their  objeet  is  to  prevent  the  tipping  of  the  turntable,  while 
taming,  ovmi  although  the  lo^motive  is  not  exactly  balauced  op  the  table  (Art.  1) 
and  thus  to  prevent  the  end  wheels  from  bearing  on  their  circular  rail. 

Art.  90.  Conieal  rollers,  d  d,  in  a  roller-box*  u  «,  are  used,  as  io 
the  iiieners  (Art  3)  and  other  tables.  The  eap«  C,  rests  and  flts  upon  a  east- 
iron  ii»niinplMBrg,  S,  a  cyliudrieal  dowel  on  the  bottom  of  which  enters  and 
•ts  Che  apace  in  the  ointer  of  4h*  roUer^^x.  Oil  is  supplied  to  ttw»  roller-box 
thruogh  the  vert  passage,  Q,  and  its  branches. 

Art.  SI.  The  post  here  shown  is  made  of  eivht  eo-lb  steel 
T  rails,  P  P  P,  Ac,  with  their  flanges  outward.  To  these  flanges  is  riveted  an 
irott-plate,  O  O,  ^  inch  thick,  forming  a  conical  shell  or  covering  for  the  post. 
The  steal  casting,  L  (at  the  top  of  which  is  the  path  for  the  vert  rollers.  R),  is  held 
to  the  wronght-irou  base-plate,  K,  by  long  rivets  which  pass  between  the  feet  of  th^ 
rails,P,  of  the  post  A  wrought-lrcm  *'  tire,"  T,  isahrnnk  avouiid  tlie  «nds  of  the  rails. 
Wbes  this  form  of  post  is  «Md>  the  arrangr^nient  tnw  Unnginm  the  table 
to  the  eap  is  timiUr  to  that  in  the  Edge  Moor  table.  Art  10.  Hollow  east- 
iron  posts,  however,  are  more  largely  used,  and  are  reoommended  »b  being  bet- 
ter  anachei4>er. 

With  cast-iron  posts  a  cast-iron  center-box  is  used,  closely  surrounding  the  post, 
snd  fhmished  with  flanges,  by  which  it  is  riveted  to  plate-iron  cross-girders ;  hiit 
tlie  arrangement  of  the  cap,  C,  hemisphere,  S,  and  rollern,  is  the  same  as  in  Fig  10. 

Art.  23.  In  all  cases  the  table  is  suspended  frons  the  eap  by  8 
bolts,  arranged  in  a  circle.  The  holes  in  the  cap  nre  made  a  little  larger 

in  dIam  than  the  bolts,  to  allow  the  slight  hor  movement  of  the  center-box,  caused 
by  the  tipping  of  the  table  when  an  engine  comes  upon  it,  or'leaves  it,  hecaoae  tbo 
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vert  rollers,  R  R,  prevent  this  motion  from  taking  place  near  the  foot  of  the  pen, 
as  it  does  in  other  tables. 

.  A  rt.  2S.  These  tables  are  made  itotli  of  wrought-  and  of  cast-iron,  and  are  largely 
used  refipecially  on  Western  roads)  with  Tery  satisfactory  results. 

A  Greenleaf  wronfrlit-iroti  tumtahle,  60  ft  long,  welfclis  28000  Ihs,  and 
CCMts,  1888, 91650,  say  6  cts  per  lb ;  east-Iron,  same  length,  32000  lbs,  S1300,  say 
4  cts  per  lb.  A  eenter,  complete,  with  cast-iron  center-post  and  denter-box,  costs 
about  $625. 

Art.  34.  The  wronght-iron  turntable  made  by  the  VittoM  BpMi|r«»  €^ 
(late  Kelloffip  itt  Miitfrfc!e)«  of  Athens.  Pa,  niso  lias  vert  roller* 
travellinff  around  the  post  near  its  base;  but  the  rollers  are  only  two  In  nnmbsr. 
4%ey  anMi^iM  in  place  by  vert  axles,  and  are  fixed  on»  An  eaeh  xtds  df  tb«  post,  or  so 
fbat  a  bor  line,  Joining  their  centers,  i8  st  right  angles  to  the  longitudinal  azia  of 
tlie  turntable.  They  thus  aid  in  preventing  sideways  tipping,  but  not  in  balancing 
the  locomotive  longitudinally.  They  therefore  bring  no  great  strains  npon  the  post 
or  its  foundation. 

Art.  29.  Mr.  H.  T.  Kto^k.  Chicago,  III,  furnishes  a  turntable  In  which 
the  main  girders  ara  he<>vy  roll«*d  I-lieams,  trussed  on  tiieir  npp^r  sides  with  a  een- 
trat  vert  strut  and  inclined  tension-rods  like  Fig  52,  p  614,  inverted.  fric»  of*  4<Kft 
taUe,  1888,  $»00;  60  fit,  $1600. 
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"WAodeii  tttrntAbles,  wf th  ttone  but  two  common  ieh«erl  rollera  »t  each 
end  of  the  platform,  are  suimairaes  resorted  to  fnmi  niothret  of  original  eo«t. 
They  are,  howeyer,  much  harder  to  turn,  generally  requjiritig  two  uieu,  aided 
by  wheel  work ;  and  are  more  liable  to  get  out  of  order;  and  more  expensive  to 
repaih  They  are  made  of  a  great  variety  of  patterns,  both  as  regards  the 
girders,  and  the  cenf  ral  pivots,  end  rollers,  Ac.  Frequently  an  addition  is  made 
of  8  to  19  small  rollers  travelling  on  a  circular  rail  of  6  to  12  feet  diameter, 
around  the  pivot  as  a  center.  These  are  intended  to  sustain  the  whole  weight; 
the  end  rollers  being  so  adjusted  as  to  touch  their  rail  only  wlion  the  platform 
rocks  or  tilts  as  the  engine  enters  or  leaves  it.  Therefore,  there  Is  less  reeistanoe 
from  friction  than  when,  as  In  Figs  11,  there  are  only  the  end  n^lers  r.  In  this 
last  case,  the  engine  and  tender  cannot  be  balanced  so  precisely  aptm  tlie 
slender  central  pivot,  as  to  prevent  a  great  part  of  tiie  weight  from  being 
thrown  upon  the  end  rollers;  thus  materially  increasing  the  fHctional  re- 
sistance. 


In  plan,  these  wooden  platforms  are  sometimes  in  shape  of  a  cross;  that  is,  in 
addition  to  the  maiivplatform  for  the  engine,  there  is  another  transvvnte  or  i^ 
rigiit  angles  to  it,  also  extending  across  the  pit;  and  liaving  end  rollers  travel- 
ling on  the  circular  rail.  Thus,  in  Figs  11,  (which  show  one  of  the  mauv  modes 
of  frau^ug  a  table  which  has  onlva  eoBtra4  pivot/^andead  roUejrs  r,)  the  main 
platform  rests  on  the  girders  c,  which  are  strengthened  below  by  braces  a;  while 
the  transverse  one  rests  on  the  timbers  o,  o,  which  must  be  imagined  to  extend 
across  the  pit.  One-half,  or  one  arm,  of  this  transverse  platform  is  intended  to 
curry  the  wheel wturk  Bzoc,  for  turning  the  platform;  and  the  other  am 
serves  merely  as  a  balance  to  it:  therefore,  neither  of  them  reouires  to  be 
veiy  strong.  It  is  important  to  connect  the  four  ends  of  the  two  platforms  by 
four  beams,  as  the  whole  structure  is  thereby  materially  stiffened.  In  the 
figures  the  wheel  work  B«x  is  foreonfeuieBoe  unpro|Mrly  shown  as  if  it  steod 
upon  the  main  platform. 


The  figures  need  but  little  explanation.  They  represent  an  actual  45-foot 
platform,  which  has  been  in  use  for  some  years.  The  convex  foot /of  the 
central  pivot,  about  6  inches  diameter,  should  be  faced  with  steel :  and  nhould 
rest  on  a  steel  skp  ««.  This  should  be  kept  well  oiled;  and  protected  from 
dust  by  a  leather  collar  around  p,  and  resting  on  gg.  Its  upper  part,  about  4 
inches  diameter,  is  cut  Into  a  screw  with  sqaare  threads  SbonCV^inc^  thick* 
fiBr.i*dlBMiiee.MilV4ibeiit  %9  iliolMS.'  Uworlis  inm-^mMe  screw  in  the  strong 
castAtcntv  autyy;  and  serres  for  raining  the  whole  platform  when  necessary. 
When  not  in  iwe  for  this  parpoee,  ft  is  keyed  tight  to  the  platform,  (by  a  kety  at 
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lie  bead  «,)  MM  to  revere  with  it.   Strong  ttrew-boltotj  MBiteet  the  ■BYsnl 
timben  U  tbe  center  of  tlie  platHorm. 

B  it  •  light  c«8t>iroD  stand  supportiog  two  berel  wheels  aboot  1  foot  diameter, 
which  give  luotiou  hj  means  of  an  aue  d^^  inches  diameter  to  two  similar 
ones  below,  showu  more  plainly  at  W  and  Y.  These  last  giro  motion  by  the 
axle  X  to  the  pinioo  e,  (6  inches  diameter,  and  ^  inches  facej  which  turns  the 
platform  by  working  into  a  circular  rack  t,  (teeth  horiaontal,  1  inch  pitch ;  Z}^ 
inches  face,)  which  surrounds  the  entire  pit.  This  rack  is  si>iked  to  the  under 
side  of  a  continuous  wooden  curb  H,  which  is  upheld  by  pieces  F,  a  few  feet 
apart,  which  are  let  into  the  wall  J  J.  which  lines  the  pit.  The  short  beam 
M  N,  (about  6  feet,)  which  carries  the  lower  wheel  work,  is  suspended  strongly 
from  the  beams  of  the  transverse  platform  above  it.  Instead  of  the  two  lower 
lievel  wiieels  W  Y,  and  the  horizontal  axle  x,  a  more  simple  arrangement  is  to 
place  the  pinion  e  at  tlie  lower  end  of  the  vertical  axle  d;  and  let  it  work  into 
a  rack  with  vertiixU  teeth  at  u,  on  the  inner  face  of  the  stone  foundation  of  the 
circular  rail.  For  this  purpoee  the  stand  &  should  be  directly  over  u.  There 
are  two  cast4ron  rollers  r,  2  feet  diameter,  3  inch  face,  under  each  end  of  the 
main  platform ;  and  one  under  each  end  of  the  secondary  ^ne. 

Althoagh  this  kind  of  platform  necessarily  has  much  frfctlon,  yet  one  man 
can  generally  turn  a  45-isot  one  by  mt^os  of  the  wbeelwork,  when  loaded 
with  a  heavy  engine  and  lender.  Indeed,  he  mar  do  it  with  some  difficulty 
bv  hind  only,  while  all  is  new  and  in  perfect  order;  but  when  old,  and  the 
circular  raiiwMy  nneven  and  dirty,  it  requires  two  wen  at  the  winches  to  do  it 
with  entire  ease. 

As  before  remark^  tbe  resistanee  to  ttiralBg  is  dhnloished  by  employing  » 
set  of  from  8  to  12  rollers  or  wheebr. 
Figs  12,  about  a  foot  to  15  inches  in  dium- 
eter,  so  arranged  as  to  forni  a  circle  8  to  12 
feet  diameter  around  the  pivot.  When  this 
is  done,  the  main  giHlers  of  the  platform 
are  placed  8  to  12  feet- apart;  and  long 
cro89-«les  ai«  wed  for  snf  parti  ny  ttm 

railway  track.     Also,  the  main  girders  ,^ 

are  sometimes  trussed  by  iron  rods,  as   Fi£Si  12t    _^H?  H  ^ 

in  the  swing  bridge  on  page 5^;  but  in-       *  rfil^^Biih      ,J^^ 

stead  of  one  post  a<t,  it  is  best  to  have  g^^^WJBWsh     ts^ 

two,  6  or  8  feet  apart  at  foot,  and  meeting 
at  top.    The  width  of  platform  must  then  be  snfflcient  to  allow  the  engine  to 
pass  the  posta  on  either  side  of  it.    Ten  feet  wlH  suiBoe. 

Fig  12  shows  the  arrangesMnt  of  th«to  rollers  r,  which  rerolre  anon  a  cir- 
cnlar  track  ijtwhlle  tbe  platform  rairts  on  their  tops  by  the  track  u.  The 
rollers' r  are  held  between  two  wrought-iron  rings  o,o,  about  8  inches  deep, 
W  inch  thick,  which  also  are  carried  by  the  rollers.  From  each  roller  a  radial 
tfe*rod  L  1  inch  dftiniet6r,  extends  to  a  ring  nn,  which  surrounds  the  pivot  », 
cIof>ely,  imt  not  tightly,  so  as  to  revolve  independently  of  it.  These  tie-rods 
keep  the  rings  oo  at  their  proper  distance  from  the  nirot,  so  that  the  rollers 
cannot  leave  the  rails  s  and  u.  Between  each  two  rollers,  the  rings  oo  should 
be  strengthened  by  some  arranfreroent  like  a,  to  prevent  change  of  shape.  The 
pivot  p  may  be  as  in  Figs  11.  There  must,  of  course,  be  the  usual  two  rollers 
under  each  end  of  the  platform,  for  snstaining  the  engine  as  it  goes  on  or  olT; 
but  during  the  act  of  turning  the  platform,  the  whole  weight  should  rest  oo 
the  central  rollers.  Such  a  platform  of  50  feet  length  can,  If  carefully  made, 
be  turned,  together  with  an  engine  and  tender,  by  one  man,  by  means  of  a 
wooden  lever  12  to  16  feet  long, Inserted  in  a  staple  for  thit  purpose;  and  there- 
fore may  dispense  with  the  transverse  platform  for  sustaining  wheel  work. 

Such  rollers  m  have  Just  been  described,  in  connection  with  friction  rollen. 

2liS.^T:    ^^  l^**  ?"*  '"'^  ^^  »  platform  must  be  provided  with  a  •«teH^ 
m^mp  for  arresting  it*  motion  at  the  moment  it  has  reaehed  tlie  proper  spot* 
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A  common  mode  is  shown  .at  Fl^  131  It  eoDststy  of  a  wrouglit-iron  bar  m  n,  4 
feet  loDg,  3  inches  wide,  and  %  rliick;  hinged  at  its  end  m,  which  is  confined  to 
tlie  top  of  tho  platform.  Its  out«r  end  n  is 
foimed  into  a  ring  V  for  lifting  it.  A  strong 
casting  e«  (or  in  longitudinal  section  at  it,) 
aiiout  15  inches,  long,  3  inches  wide,  and  1 
inch  thick,  is  also  firmly  bolted  to  the  top  of 
the  platform ;  and  the  stop-bar  m  »  rests  in  its 
recess  r,  while  the  platform  is  being  turned. 
A  similar  casting  a  a  is  well  bolted  to  the 
I  wooden  or  stone  coping  c  e,  which  surrounds 
the  top  of  the  lining  wall  of  the  pit.  When 
the  stop-bar  reaches  this  last  casting,  as  tiie 

{»]atforra  revolves,  it  rises  up  one  of  iU  little 
nclined  i>lanes  </,  and  falld  into  the  recess  of 
a  a,  bringing  the  platform  to  a  stand.  When 
the  platiorm  is  to  oe  atarted  again,  the  bar  is 
lifted  out  of  its  recess  by.the  ring  F,  until  it  passes  the  casting;  wlien  it  is  again 
laid  upon  the  coping  e  e^  and  moves  with  the  platiorm ;  or,  if  required,  the 
hinge  at  m  allows  it  to  b«  turned  entirely  over  on  its  back.  When  there  is  a 
transverse  platform,  the  proper  place  for  the  stop  is  at  that  end  which  carries 
the  turning  gear;  as  it  is  there  handy  to  the  men  who  do  the  turning.  If  there 
is  only  a  main  platform,  the  stop  may  be  placed  midwav  of  the  rails.  Some- 
times a  spariniT  eateb  is  placea  at  each  end  of  the  platform ;  and  each  catch 


is  looHened  from  its  hold  at  the  same  instant  by  a  long  double-acting  lever, 
the  details  of  a  platform  admit  of  much  variety. 


AU 


Instead  of  the  friction  roller*.  Fig  0,  friction 
balls  5  or  6  inches  diameter,  of  polished  steel,  are 
sometimes  used.  The  pivots  also  are  made  in 
many  s^^apes. 


Pl«tft»riii»  like  «  a.  Figr  14,  rewolir- 
Ingr  ar#and  one  ena  o  as  a  center  of  mo- 
tion, are  sometimes  useful.  The  shaded  space  is 
the  pit.  If  an  engine  appn>aching  along  the  track  W,  is  intended  to  pass  on  to 
any  one  of  the  tracks  1,  2,  3,  i,  the  platform  is  first  put  into  the  required  posi- 
tion, and  the  engine  passes  at  once  without  detention.  If  the  platform  is  long, 
it  will  be  necessary  to  have  roller-wheels  not  onlv  under  the  moving  end  a,  but 
at  one  or  two  other  points,  as  indicated  by  the  roller  rails  e  e. 


Fig.  14. 


Engine  houses,  of  brick,  cost  from  $1000  to  $1260  per  engine  stall,  exclu- 
sive of  the  foundations. 

The  cost  of  m  complete  set  of  shops  of  brick,  for  the  thorough  re^ 
pair  of  about  2(K  locomotives,  and  of  the  corresponding  number  of  passenger 
and  other  oars;  together  with  suitable  smith  shop,  foundry,  car  shop,  boiler 
shop,  copper  ana  brass  shop,  paint  shop,  store  rooms,  lumber  shed,  offices,  &o: 
completely  furnished  with  steam  power,  lathes,  planing  machines,  scales,  and 
all  other  necessary  tools  and  appliances,  will  he  aboat  fk-om  $75000  to  $100000  ex- 
clusive of  ground.  A  large  yard,  of  at  least  an  acre,  should  adjoin  the  buildines. 
A  moderate  establishment^  for  the  repairs  of  a  few  engines  only,  may  be  built 
and  fu  rnlshed  for  $25000. 
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WATER  STATIONS. 

W«ter  stAtlons  are  points  along  a  railroad,  at  which  the  engines  s^p  to 
take  ill  water.  Their  disdmee  npftrt  varies  (lilce  that  of  tfae  fuel  sta- 
tions, which  aceornpanr  iheni,)  from  about  6  miles,  on  roads  doing  a  very  large 
business :  to  15  or  20  miles  on  those  which  nin  but  few  trains.  Much  depends, 
however,  upon  where  water  can  be  bad.  It  has  at  times  to  be  conducted  ia 
pipes  for  2  or  3  miles  or  more.  The  object  in  having  them  near  tdgeihej*  is  to 
prevent  delay  from  many  engines  being  obliged  to  use  the  same  station.  To 
prevent  interruption  to  travel,  they  are  frequently  placed  upon  a  side  track. 
A  supply  of  water  is  kept  on  hand  at  the  station,  usually  iu  large  wooden  tubs 
«»r  tankd,  enclosed  in  frame  tank^houses.  Ttie  taok-boiiae  stands  near  the  track, 
leaving  only  about  2  to  4  feet  clearance  for  the  cars.  It  is  two  stories  high ;  the 
tank  being  in  the  upper  one ;  and  having  its  bottom  aliout  K)  or  12  feet  above  the 
rails.  In  tIhj  lower  story  is  usually  the  pump  for  pumping  up  the  water  into  the 
tank;  and  a  stove  for  preventing  the  water  from  freezing  In  winter.* 

The  tanks  are  nsually  circular;  and  a  few  inches  greater  in  diameter  at  the 
iKXtoin  than  at  the  top,  so  that  the  iron  boo)>s  may  drive  tight.  Their 
eapAeltjr  generally  varies  from  6000  to  40000  gallons,  (rarely  80000  or  more,) 
depending  on  the  number  of  engines  to  be  supplied.  A  tender-tanK  holds 
from  1000  to  3000  gallons;  and  Htk  enfrlne  eviiporates  from  ^  to  160  gal- 
lons per  mile,  depending  on  the  class  of  engine;  weight  of  train ;  steepness  of 
grade,  Ac.  Perhaps  40  gallons  will  l»e  a  t^ylerably  full  average  for  passenger,  and 
60  fV)r  freight  engines.  The  f(»llowlnir  a>^  the'ef»iiteiiM^ir  taniu 
of  difi^rent  inner  diameters,  and  depths  of  water.  U.  S.  gallons  of  281  cutiie 
inches ;  or  7.4805  gallons  to  a  cubic  foot. 


Diara, 

Depth. 

Contents. 

Diaiu. 

Depth. 

Contents, 

Ft. 

Ft. 

Gallons. 

Cub.  FL 

Ft. 

Ft. 

Gallons. 
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8 
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9 
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28 
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10 
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3a 

15 
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20 

10 

23499 

3142 

32 

16 

962o3 

12868 

22 

U 

31277 

4181 

34 

17 

116451 

15435 

Cypress  or  any  of  the  pines  answer  very  w^rU  for  tanks.  The  st«ve$ 
may  be  about  2^  inches  thick  for  the  smaller  ones;  to  4  or  5  inches  for  the 
largest.  Tiie  bottoms  inay  be  the  same.  The  staves  should  be  planed  by  maf- 
chineiy  to  suit  the  curve  precisely.  Nothing  is  then  needed  between  the  staves 
to  produce  tightness.  A  single  wooden  dowel  is  inserted  between  each  two  near 
the  top,  merely  to  hold  them  in  plac^  WrUil^  beioit  put  together.  The  bottom  is 
dowelled  together ;  and  simply  insertedinto  a  groove  very  accurately  cut,  about 
an  inch  deep,  around  the  inner  circumference  of  the  tub,  at  a  few  inches  above 
the  bottoms  of  the  stanrea. 

One  of  20  feet  diameter,  and  12  feet  deep,  may  have  9  hoops  of  good  iron ;  placed 
several  inches  nearer  together  at  the  bottom  of  the  tank  than  at  the  top.  Their 
width  3  inches ;  the  thickness  of  the  lower  two,  ^inch ;  thence  gradually  dimin- 
ishing uQtU  the  %of  one  Is  hutlMO/ as  Ahlek.  TUahmMi %vf  ^uteidfAren  tfose 
together.  These  dimensions  will  allow  for  the  rivet-holes  for  riveting  together 
the  overlapping  ends;  and  for  a  moderate  strain  in  driving  the  hoops  firmly 
into  place.f  Three  rivets  of  }4  inch  diameter^  and  3  inches  apart,  in  line,  are 
sufficient  for  a  joiat  of  a  lower  hoop.  One  of  34  feet  diameler,  17  deep»  may 
have  12  Ikoops;  the  lower  ones  4  inches  by  ^;  with  threes-inch  rivets  to  a 
lower  hoop>joint. 

The  bottom  planks  of  the  tank  ipust  bear  firmly  upon  their  supporting  joists, 
or  bearers. 

A  tank  must  have  an  Inlet-plpeby  which  the  water  may  enter  it ;  a  waste- 

Slpe  for  preventing  overflow;  and  a  dlseharsre  or 'feed-pipe  7  or  8 
iches  diameter,  in  or  near  the  bottom;  through  which  the  water  flows  out  to 
the  tender.  The  inner  end  of  the  discharge-pipe  is  covered  by  a  valve,  to  be 
opened  at  will  by  the  engine  man,  by  means  of  an  outside  cord  and  lever.    To 

*  A  frame  tank-house,  18  feet  square,  with  stone  foundations  for  both  house 
and  tank,  will  by  itself  cost  $400  to  $600.  A  brick  or  stone  one  somewhat  more. 

tSuch  a  tank,  put  up  in  its  place,  will  e<»st  about  $400.  Geo.  J.  Burkhardt's 
^118,  North  Broad  St  below  Cambria,  Philadelphia,  make  tonks  their  specialty ; 

no  are  provided  with  machinery  which  secures  perfect  accuracy  or  Joint  in 

ery  part.    Their  work  is  sought  from  great  distances. 
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ito  outer  end  is  generallj  attached  a  flexible  canvas  and  gum-elastic  hose  about 
7  or  8  inches  diameter, and  8  or  10  feet  long,  through  which  the  water  enters  the 
teoder-tauk.  Or,  instead  of  a  hose,  the  feed-pipe  may  t>e  prolonged  by  a  metal- 
lic pipe,  or  nozzle,  sufficiently  long  to  reach  the  tender;  and  so  Jointed  as,  when 
not  in  ose,  to  swing  lo  one  side,  or  to  be  raised  to  a  vertical  position,  (in  the  last 
case  it  is  called  a  dropf)  so  as  not  to  be  in  the  way  of  (»assiug  trains. 

The  same  tank  may  supply  two  engines  on  different  tracks,  at  once.  Ttie 
tanks  are  very  durable. 

Tlie  lenient  irwit'^woia  tamBt  of  John  Barnliaiii,  Batavia, 
Illinois,  is  simply  an  ordinary  tank,  in  which  the  water  is  prevented  from 
freezing  by  means,  Isr,  of  a  circular  roof  which  protects  a  ceiling  of  joists,  be- 
tween which  is  a  layer  of  mortar;  2d,  by  an  air-space  obtained  by  a  similar  ceil- 
ing beneath  the  timbers  on  which  the  tank  rests.  Although  the  sides  are  en- 
tirely unprotected,  no  bouse  is  necessary;  but  merely  strong  post3  and  beams 
on  a  stone  foundation,  for  the  support  of  the  tank.*  The  supply  pipes  are  in 
boxes  made  of  boards  and  tar-paper. 

T»xitL»  are  |kreoa«iitly  made  reetangrnlar.  with  vertical  sides  of 
posts  lined  with  plank,  and  braced  across  in  both  directions  by  iron  rods.  They 
are  more  apt t6 leak  than  circular  ones.  They  have  been  made  of  iron;  but 
wood  seems  to  be  preferred. 

Ilie  water  for  Mipplyina:  the  tanks,  may  be  pumped  by  hand,  steam, 
horse,  wind,  hydraulic  ram,  or  otherwise,  from  a  running  stream ;  from  a  pond 
made  by  damming  the  stream  if  very  small  or  irregular;  from  a  cistern  below 
the  tank;  or  from  a  common  well.  Man^  roads  doing  a  business  of  10  or  12 
engines  daily  in  each  direction, depend  entirely  upon  wells ;  and  pump  by  hand ; 
generally  two  men  to  a  pump.  Those  doing  a  very  large  busine^  when  the 
supply  cannot  be  obtain^  by  gravity,  mostly  use  steam.  The  windmill  is 
the  m<M;ecouomical  power;  and  when  well  made,  is  very  little  liable  to  get  out 
of  order.  Of  course  it  will  not  work  during  a  calm ;  but  this  objection  may  be 
obviated  In  most  cases  by  having  the  tanks  large  enough  to  hold  a  supply  for 
severardays.f    Steam,  however,  is  most  reliable. 

The  foiwwlkigr  table  will  give  some  idea  of  the  power  required  in 
a  steam  eilsrHie  for  the  pumpinar.  In  ordering  an  engine,  specify  not 
its  number  of  horse-powers,  but  the  number  of  gallons  it  must  raise  In  a  given 
number  of  bourse  to^a  given  height;  with  a  given  steam  pressure  (say  about  60 
to  80  lbs  per  square  inch.)  The  pump  should  be  sufficiently  powerful  not  to  have 
to  work  at  nigiij^ ;  and  should  be  capable  of  performing  at  least  25  per  cent,  more 
than  its  required  duty. 

A  fair  awerage  horse  shonUl  ^nmp  in  8  hoars  the  quantities 
contained  in  the  first  3  columns ;  to  the  height  in  the  4th  column ;  or  scrfficient 


to  supnlv  ibe  number  of  locomotives  in  the  5th  column,  with  about  2000  gallons 
each.    Two  men  should  do  about  one-third  as  muclL:^ 

Oiib.Ft. 

lA.. 

Gal«. 

HUFt. 

No.  of 

LOCM. 

Cub.  Ft. 

Lbs. 

OaU. 

Ht.Ft. 

No.  of 
Lucos. 

lOOO 
2000 
2667 
3200 
8555 
4000 

100000 
125000. 
166666 
200000 
222222 
250000 

il$68 
14960 
19d46 
23936 
26596 
29920 

100 
80 
60 
80 
45 
40 

6 

1« 

4571 
6883 
6400 
8600 
10667 
16060 

285714 
388386 
400000 
600000 
666667 
1600WO 

84194 
89893 
47872 
59840 
79787 
119680 

35 
80 
25 
20 
15 
10 

17 
20 
24 
30 
40 
60 

A  reservoir,  with  a  «taaid-pipe«  or  water  eoIpmn«  is  preferable 
to  the  dtdinary  tank,  when  the  localltar  admMs  of  it;  being  less  liable  than  the 
pump  to  get  out  of  order;  and  beinjg  cheaper  in  the  end.  The  reservoir  is  sup- 
poseu  to  be  filled  by  water  flowing  into  it  by  gravity ;  and  to  have  its  bottom  at 

^ — , , r — - — I ^ — ■  f  111  ■■ — rr 

♦The  U.S.  Wind-Engine  and  Pump  Co,  of  Batavia,  HI,  make  a  specialty  of  the 
eonatruction  and  erection  of  thesA  tanks,  complete  in  every  detail,  ready  for  use. 
They  also  make  windmills. 

t  Andrew  J.  Corcoran,  No.  76  John  St,  Kew  York,  furnishes  excellent  machines. 
He  also,  when  desired,  provides  pumps.  &c,  complete.  The  cost  of  windmill 
alone,  for  railway  statiom,  varies  from  about  $450  for  18  feet  diameter ;  to  $1500 
for  36  feet  diameter,  at  tlie  factory. 

tThe  eost  of  a  direct  aetingr  steam  pump,  with  its  boilers,  Ac, 
fixed  in  place,  ready  for  work,  and  capable  of  the  duty  of  the  above  table,  may 
be  rougluy  set  down  at  about  $450;  twice  the  duty,  $600;  4  times,  $760;  6  times, 
$900 ;  10  times,  $1300;  20  times.  $2000.  Add  cost  of  engine-house.  Made  by  Henry 
R.  Worthington,  86  Liberty  St.  New  York ;  Geo.  F.  Blake  Manufacturing  Co. 44 
Washington  St,  Boston ;  and  by  many  establishments  in  most  of  our  large  cities. 
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lenst  ahout  8  feet  above  the  rails;  or  at  any  greater  befglit  whatever  that  tlie 
ground  and  the  hei^rht  of  tlie  water  raay  require.  It  may  be  ^^xcavaied  iu  the 
groaiMi;  liued  with  brick  or  masonry  in  cement;  with  a  bottom  of  concrete; 
or  it  may  be  built  above  gruund,  according  to  the  locality.  It  may  be  roofed 
and  oorered  in,  or  not ;  and  it  may  be  near  the  tracks,  or  at  a  considerable  dis- 
tance Arom  them,  according  to  circumstances  *  From  its  bottom,  an  iron  pipe 
from  8  to  12  incites  diameter,  is  carried  (generally  underground,)  to  within  a  few 
feet  of  the  track.  At  that  point  it  turns  vertically  upward  to  about  8  or  10  feet 
above  the  track,  forming  a  siand-Blpe;  Or  WBter-eoliimii;  frotn  the 
upper  end  of  which  the  water  flows  (through  either  a  hoee  or  a  Jointed  noscle,) 
as  in  the  case  of  a  tank.  Several  such  pipes,  or  one  larger  one,  may  be  laid,  fur 
the  supply  of  two  or  more  engines  at  once,  through  as  many  stand-pipes.  Where 
the  pipe  makes  its  bend,  and  b<'Comf>s  vertical,  is  a  valve  for  opening  and  closing 
it;  and  which  may  be  worked  by  a  hand^wheel  placed  at  such  a  height  as  to  be 
easily  reached  bv  t  he  engine  mau.f  A  valve  on  the  principle  of  those  for  street 
pipes,  page  301,  is  best. 

On  some  of  the  more  important  lines,  the  tenders  of  Iftuit  trains  seoon 
np  water,  while  muninur*  from  a  long  tronffli,  or  ^  track  tank^ 
laid  between  the  rails.  The  tanks  are  about  ^  mile  long.  7%ey  must  of  course  be 
level,  HDd  they  therefore  require  a  level  track. 

As  originally  introduced  in  England,  by  Ramsbottom,  the  trough  was  of  cast- 
iron,  iu  lengths  of  about  0  ft.  These  were  bolted  together  by  means  of  flanges  at 
their  ends.  The  ends  were  not  in  contact  with  each  other,  but  were  separated  by 
a  strip  uf  vulcanized  rubber. 


Our  figure  is  a  vertical  cross-section  of  the  standard  track  tank  of  the  Pennsyl- 
Tania  Riiilroad.  1884.  It  is  of  ^  inch  rolled  plate-iron,  the  sheets  of  which  are  62 
ins  long.  The  lengths  overlap  each  other  2  ins ;  leaving  5  ft  as  their  showing  length. 
Tlie  sheets  are  cut  slightly  tapering,  so  that  at  one  end  of  each  length  the  tronf^  is 
^  in.de«per  than  at  the  other,and  th«  t<4>sare  thus  kept  flush  with  each  other  through- 
out.  The  Joints  Mre  dotible  riveted  with  %  inch  rivets,  about  1^  ins  from  center  to 
center,  and  staggered.  At  each  end  of  tiie  trough,  the  bottom  slc^^es  upward,  and, 
in  a  length  of  6  ft,  comes  to  the  level  of  the  tops  of  the  sides.  The  cross-ties  are 
notched,  as  shown,  to  receive  the  trough,  which  is  loosely  held  to  them  by  two 
spikes,  S  and  S,  in  each  tie.  The  heads  of  the  spikes  fit  over  the  horisontal  flanges 
ol  the  1>^  X  lUt  inch  angle  b»rs„Aattd  A.  M  and  M  are  mouldings  of  1^  X  H 
inch  bar-iron.  Tlie  angles  and  the  mouldings  are  in  lengths  of  15  ft,  and  are  riveted 
to  the  sides  of  tlie  trough  contiBUOUsiythroughcnft  Its  lec^^ 

The  scoop  on  the  tender  is  lowered  into  the  trough,  and  raised  fh>m  it, 
by  means  of  a  lever  on  the  flremoin's  platform,  and  is  not  permitted  to  touch  the 
bottom  of  the  trough. 

The  trougrb  is  supplied  with  water  by  means  of  pipes  leading  from  an  ad- 
jacent tank.    The  snpply  is -regulated  by  a  man  in  charge. 

To  prevent  the  water  from  fk*eeslnir  In  Winter,  steam  is  led  to  the  trcmgh 
from  the  boiler  of  tlte  pumping  engine,  through  iron  pipes  laid  under  ground  along- 
side of  the  track.  These  pipes  are  provided  with  branches  which  introduce  the 
steam  to  the  trough  at  every  40  ft  of  its  length.  The  steam-pipes  are  protected  by 
wooden  boxes,  and  are  furnished  with  valves  for  regulating  tiie  supply  of  steam. 

•  Ah  xmcovaan  rbskxvoix  M  ft  dUm  by  11  ft  dMp,  Uaea  wUk  brisk  ormssMirj.'wlU  asssBj  inrt 
from  Stsoe  to  tSfiOO,  MoordioR  to  eireaaiuaiMec. 

t  Tas  PBics  or.  A  CAtr-atoii  watkb-oolumm,  of  S-loch  bore ;  with  bed'plate ;  holdlDC-dowD  bolli, 
and  wuberc:  ooDoeotiDg-pipei ;  swincJoiDt  with  oopoer  arm  9  ft  long:  valve ;  hand-wboeU  to: 
oonipiate.  ready  to  set  ap,  (by  Isaao  8.  Uaidn  ft  Go,  Philada,  in  1888,)  U  |460  at  the  chop  1ms  «  par 
oent  diwouut. 
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Cvs^tofation  from  liOComotlTCS.  In  Add  ition  to  what  is  said  on  page 
ftOO,  ill  the  passage  preceding  the  table,  we  may  state  that  the  evaporation  is 
usually  from  6  to  7  ros  of  water  to  1  fi>  of  fair  coaL  Hence  if  we  take  the  average 
at  6^  n)s,  or  say  .8  of  a  gallon  of  water  to  1  fi>  of  coal,  and  assume,  as  on  page 
800,  that  a  passenger  engine  evaporates  an  average  of  40  gallons  per  mile,  and 
a  freight  engine  80  gallons,  we  shall  have  very  nearly  2)4.  tons  of  coal  consumed 
per  100  miles  by  the  former;  and  4}^  tons  by  the  latter.  The  evaporation  from 
a  heavily  tasked  powerful  engine  may  amount  to  150  gallons  or  more  per  mile; 
but  such  is  an  exceptional  case. 

Theoretical  thicknesii  near  l^ttom  of  sheet-iron  water 
tanks,  single  jriveted ;  safety  4 ;  ultimate  strength  of  the  iron  40000  lbs  per 
square  inch,  out  reduced  say  one>half  by  punching  the  rivet  holes.  All  hough 
safe  against  the  pressure  of  the  water,  some  are  plainly  far  too  thin  for  handling. 


Depth  in 
Feet. 


-     INNER  DIAMETER  IN  PBBT. 

10     I     15     I     20     I     S5     I     30     I     35 


THICKNESS  IN  INCHES. 


1 

.002ft 

.OW52 

.0078 

.0104 

.0130 

.0156 

.0182 

.0208 

5 

.0180 

.0260 

X)3dl 

.0520 

.06*1 

.07*1 

.mt 

.W« 

10 

.0200 

.0521 

.0781 

.1042 

.1802 

.1562 

.1828 

.2088 

15 

.o:i9i 

.0781 

.1172 

.1502 

.1953 

.2344 

.2734 

.8125 

20 

.0521 

.1042 

.1562 

.2084 

.2604 

.3125 

.3645 

.4166 

25 

.0651 

.1302 

.1953 

.2604 

.3255 

.3906 

.4557 

.5208 

90 

.0781 

.1562 

.2344 

.3124 

.3906 

.4687 

.6470 

.6250 

Railroaul  traclc  scvLles  are  made  by  RiehU  Bros.,  office,  413  Market  St., 
Phila.,  and  by  Fairbanks  &  Co.,  St.  Johnsbury^  Vt  Prloe-list  of  Riehl6  track 
scales.  Discount,  1888,  about  45  per  cent.  The  capacities  are  in  tons  of  2000 
lbs  or  2240  lbs,  as  may  be  desired. 


Capac- 

Length. 

Price. 

CRpao. 

Length. 

Price. 

ity.  ♦ 

fi. 

« 

liy. 

ft. 

• 

10 

12 

850 

65 

40  to  65 

1860 

15 

12  to  15 

400 

76 

40  to  85 

2200 

20 

12  to  16 

600 

100 

60  to  112 

2800 

30 

20  to  32 

850 

150 

60  to  123 

3200 

40 

30  to  40 

976 

160 

100  to  150 

3700 

60 

40  to  50 

1100 

Post-and-rail  fences,  in  panels  S}4  ft  long;  5  rails ;  nsually  cost  between 
40  to  100  cents  per  panel,  including  the  putting  up ;  or  from  $612  to  |l280  per  mile 
of  road  fenced  on  both  sides,  with  1280  panels. 

Fence-posts  are  nsualiy  of  chestnut,  cedar,  or  white  oak.  They  last  about  10  years 
on  an  average.  The  usual  size  is  2  to  3  ins  thick  X  6  to  7  ins  wide,  8  ft  long,  6  ft 
above  ground.  Their  cost  varies  greatly ;  say  from  5^  to  26  cts  each ;  average,  10 
told. 

Worm  fences  seven  rails  high,  with  two  rails  on  end  at  each  angle,  cost  about 
^th  less.  Labor  $1.76  per  day.  The  scarcity  or  abundance  of  timber  chiefly  in- 
fluences the  price ;  as  is  also  the  case  with  ties. 

Barbed  Steel  -w^lre  fence  costs,  per  mile  of  single  row  of  fence,  put  up, 
including  the  wooden  posts  and  all  labor,  from  $150  to  $260,  depending  on  the 
height  of  fence,  the  varying  market  price  of  wire,  labor,  &c. 

A  "way-iitation  lioiue,  30  X  60  feet,  surrounded  by  a  platform  12  feet  wide, 
protected  by  projecting  roof;  for  passengers  and  freight;  will  cost  from  $6000  to 
$10,000,  according  to  finish  and  completeness,  at  eastern  city  prices. 
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AppwrnitmrnUt  mw9rm§s9  «stlai»t*  for  m  Btlle  of  siiivle-tTOelK 
rAllwAj.    Labor  $1.75  per  day. 

Chrubbing  and  dearing,  {average  of  entire  road^)  3  acres  at  $60.».» ^ $  160 

Grading;  20000  cub  ydt  of  earth  excavation,  at  36  cU^ 7000 

•*  2000  cub  yds  of  rock  excavation,  at  $1.00 ^ 9000 

Masonry  of  culverts^  drains^  abutments  of  tmaU  bridges^  retaining-waUSf  «fe; 

MOcubyds^  at$S, average ~ 3200 

BdUast;  3000  cub  yds  broken  stone,  at  $1.00.. ^ 9000 

Cfross4ies;  2640, at  60 cts,ddivered 1564 

BaiU;  (fSO  lbs  t0  a  yard;)  96  tons,  at  $80,  ddivertd^^ » —    2B80* 

Spikes « ~«.~ ~ „ - «....«      160 

Bait^nts ^ 800 

Sub-deUvery  of  materials  along  ths  Une. ..» ...».» «      800 

Laying  track. 600 

Ihtcing  ;  (average  of  entire  road,)  supposing  only  ^  of  its  length  to  be  fenced^      460 
Small  vfooden  bridges,  trestles,  sidings,  roadrcrossings,  cattle  guards,  dk,  <fe.».»    1000 

Landdamages .,    lOOO 

Engineering,  superintendence,  officers  of  <h,  stationery,  instruments,  renti, 

printing,  law  expenses,  and  other  incidentals  ~« 2386 

3WaZ....« « $26000 

Add  Ibr  depots,  sllop«.  lofliM-honMi.  PasMnger  and  Freigbt  Stations.  Platfonns, 
Wood  Sheds.  Water  BUtions  with  theur  tanks  and  pnmps.  Telegraph,  Bagines,  Oars,  Weigh  Soalei. 
Veols,  ko,  ke.   Aim  tor  large  bridges,  tanaels,  Tamonts,  4«. 
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rOCOMOTITES. 
Dlmettslonft,  Wel^bts,  Ae^  of  JLoecranotiTes. 

The  foUowiDg  lists  of  the  dimensions,  weights,  Ac,  of  some  of  the  principal  sizes 
of  locomotiTes  made  by  the  Baldwin  liocomotive  MWks,  Phila;  Bnrnham,  Parry, 
Williams  k  Go,  proprietors ;  will  give  an  idea  of  the  present  usual  proportions 
of  loeomotiires  and  tenders  tw  mnde  in  tbe  United  States. 

In  the  designation  of  the  elass,  the  first  number  (8, 10,  Ac)  is  the  total  number 
of  wheels  of  the  locomotiye.  The  second  (20,  26,  Ac)  is  an  arbitrary  number  indi- 
cating the  diameter  of  the  cylinders.  The  Idter  (C,  D,  or  E)  indicates  the  number 
(i,  6,  or  8,  respectively)  of  drivin^wheels. 

The  wbeel-lMUie  is  the  distance  from  center  to  center  of  tbe  front  and  back 
wheels.  For  minimum  lenytb  of  tnmtaMe,  add  1^  to  2  ft  to  the  total 
wheel-base  of  locomotive  and  tender,  which  is  =  wheel-base  of  locomotive  +  wheel- 
base  of  tender-l-distance  between  centers  of  front  tender  wheel  and  hind  engine  wheel. 

Under  '^Senriee,**  P  means iNU«eN^«r;  V^  freight;  H,  mixed;  S,  neitckinff. 

For  i^aiMre  of  4  ft  8 1-2  Ins. 

Dimensions. 


1 

i 

Cylln- 
derg. 

DriflBg 
Wheels. 

Wheel-base. 

ill 

Height 

of  top  of 

ClmM. 

1 

1 

i 

1 

LoooiBOtlvo. 

Ten- 
der. 

Looo^ 

and 

tender. 

ohten^ 
above 
top  of 
raila. 

Driv'n 

Total. 

IM. 

Ids. 

Ins. 

Pt.  In. 

Ft.  In. 

Ft.  In. 

Ft.  la. 

Ft.l». 

Fuln. 

Ft.  la. 

e-w-0 

->} 

ti 

(10 
08 

2S 

46  to  51 
49  toft? 
«1  to«6 

5    6 

7  0 

8  6 

16    4 
20    6 
22    5 

5    1 
14    2 
14    0 

27    6 
42    0 
44    4 

41  8 
47  8 
546 

IS    4 
IS    0 
IS    6 

"} 

n 

(16 
(19 

34 
24 
24 

ntose 

61  to  56 
54  to  60 

IJ    6 
12  10 
IS    6 

33    8 

28    0 
3S    8 

IS    5 
IS    1 
IS  11 

48    3 

43  11 

44  10 

549 
66  1 

559 

8  11 

IS    0 
13    0 
IS    6 

8--S»-D 

5S 

h 

CIS 

<16 
(19 

18 
14 

24 

nto41 
45  to  51 
54  to  60 

10    0 

14  2 

15  3 

16    0 

21  6 

22  6 

10  11 
IS    5 
IS  11 

SS    0 
42    3 

4S10 

41  8 
546 
563 

13    6 
IS    0 
IS    8 

lO-M— ■ 

=  1 

W 

{I? 

24 
24 

48  to  50 
48  to  SO 

14    9 
14    9 

22  10 
33  16 

14    4 
14    4 

46    2 

586 
57  3 

14    0 
14    0 

4-«-0 

s 

8 

Ift 
17 

24 
24 

48  to  54 
45  to  48 

7    6 
11    0 

7    6 
U    0 

m  5 
IS    1 

84  6 

85  5 

47  3 
484 

IS    0 
IS    4 

Welirlits,  drc. 
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DiBiensloiuu 


^ 

DriTlB9 

Wheels. 

Wheel-hase. 

pl 

|l 

Height 

of  top  of 
chimney 
above  top 
of  rails. 

CUm. 

1 

Ids. 
17 

Ins. 

24 
2i 

i 

8 

Ins. 

W 
60 

LwonwAiTe. 

Tender. 

Drivars 

Tout. 

1 

Pu  Ins. 

8    8 
13    8 

ru  Ins. 

28      « 
21      6 

Ft.  Ins. 

14  10 

15  4 

Ft.  Ins. 

46  9 

47  7 

Fi.  Ins. 

64     7 
56     0 

Ft.  Ins. 

9       0 
9       8 

Ft.  Ins. 

Wtglit>»Ac 


WeigfatH  l»  worklBg  order* 


Greatest 
oaltoair 
of  drivers. 


On  all 
drivers. 


CspMlty  of  tender. 


13.8 
9.8 


57700! 26.8 


lbs 
91300 


Gals  of         ,. 
381  ea  ins.       >'** 


141800|63.8 

1.7 
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The  foHowing 
cei^tionally 


tre  the  principal  dliiign»iiia»  Ae,  of  ire  reeesi  *■<  «x- 

larye  types  of  locoiuotiyes: 


"D«e»pod.-» 
L«i«a»ik)oo 
built  by  the 
Baldwin  Wks 
up  M  18BI. 

"Bl   0*benuk. 
dor,**     Genu 
Paeifio  R  R. 
1884.  cjli  21 
KM. 

VBgine  "  No. 
10,    Ac,  Ptaaa 

"CI«mF." 
PenuaRB. 

ttm4im€  R.  R. 

BaldvlaWks, 

1888. 

Service 

Freight. 
4  ft 8V^ ins 

10 
46  ins 

2 

17  ft  0      his 
24ft4      ins 
14  ft  6      ins 

49  ft  2      hM 
6Qft9K  ins 

14ft  6      ins 

27000 

L34000 
148000 
62000 

230000 

Freight. 
4  ft  8>^  ins 

10 
67  ins 

4 

19ft  7ine 
28  ft  11  ins 
16ft   2ins 

62.ft   7  ins 
63  ft   81ns 

16ft   2ins 

26800 

121600 
152000 
86650 

237650 

FMtPan'r. 

4ft9iM 

4 
78  ins 

4 

Tft9    !m 
22  ft  7U  ins 
16  ft  4     ins 

47ft8     ins 
68  ft  6     ins 

16  ft  0     ins 

83600 

69000 
92700 
66300 

149000 

4ft»i«s 

4. 
68  ins 

4 

74t9     iM 

22  ft  7U  ins 
16ft4     ins 

47  ft  8     ins 
98ftY    ihs 

16ft0     ins 

84700 

69450 
100600 
66300 

156900 

FMiPikM'r 

Gauge 

4ft8^iDe 

wKiM 

4 

Driving  wheels : 

JMmber 

Diiim 

Truck  wheels: 

Wheel-base: 
Locomotives: 

Drivers 

Total 

Tender   ......... 

Tft    6    Ins 
t2ft    1    in 
16  ft    0    iai 

Loco  and  ten- 
der.  

49  It    6    ins 

Extreme  length : 
Loco  and  ten- 
der  

60 ft  '8    ins 

Height: 
Tup  of  chimney 
above  top  of 
raH 

14  ft    6    ins 

Weight  in  work- 
ing order,  lbs 
Locomotive: 
Greatest  on  1 
pair  of  dri- 
vers ...««^ 
On  all    dri- 
vers ...^^. 

Total ^^.. 

Tender... .,..»» 
Loco  and  ten- 
der.  

41600 

82500 

114600 

76000 

190600 

Capacity  of  ten- 

der: 

Goal:  Ibs....^. 

Water: 

Gals   of   231 

cubic  ins... 

16000 
3600 

10000 
3000 

12000 
2400 

12000 
2400 

14000 
8600 

From  the  above  lists  it  will  be  seen  that  tliewetirlit  of  road  tocomo* 
fives  per  foot  of  tlielr  total  wb«^M»ase  varies  from  .9  ion  in  light 
p48.<*enger  engines  for  8  ft  gauge,  to  2^t«Rs  in  very  h9mj  freight  eagines  for 
stHndard  ga"g«». 

Tlie  cost  of  Imwiotly^g  imd  tenders  Is  about  from  9  to  12  cts  per 
pound  of  locQjuotive  alone,  varying  with  the  details  of  the  specifications.  Ac. 

«.__.  ^|.|^|||B||.  tires  are  usually  of  open  hearth  steel,  and  are  m~ 

St,  Phila.  The  Inner  diameter  of  the  tire  is  usuaHy  made  ^j,  (or  ^  inch  per 
foot)  less  than  diameter  of  the  wheel  center  upon  which  it  is  to  go.  Heating  the 
tire  increases  its  inner  diameter  so  that  it  can  be  placed  upon  the  wheel  center. 
Its  contraction,  or  tendency  to  contract,  in  cooling,  binds  it  fast. 

The  treads  are  re-turned  in  a  lathe  as  often  as  from  A  to  ^  inch  wears  off  firom 
their  thickness.  (— ^  to  ^  inch  in  diameter)  and  are  abandoned  when  worn  down 
to  about  1^  Inches  thick.  On  passenger  engines,  they  run  about  ^MMMO  miles 
between  turnings;  on  freight  engines,  85000. 

«BuiR  1886  for  Northern  Pacific  B  R,  Nos  500, 501 :  Extreme  width  10  fr. 

Theoriglnnl  •'  Decapod,"  built  hv  same  works  In  1884  for  Dom  Pedro  II R  R.  BraxH 
(5  ffet  3  inches  gauge),  and  described  in  our  1886  edition,  was  a  little  lighter.  Tl* 
newer  enxine,  above  dtscribed,  is  illiutrated  in  Fig.  1,  p.  790. 
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Ortvtoif  axles  are  of  iroa,  or  of  •  ao/tor  steal  thmu  tbe  UfM.  Thogr  •>«  am- 
ally  fruui  6  to  7}^  ina  diam. 

Pnaaeiigvr  anginaa  oavaJly  oarnr  teel  AMd  WAter  uoMeient  for  40  ar 
5#  Bliles;  aoDie,  50  to  60.  Freight  traiiw,  eDoogh  for  20  to  26  milea.  Roada,  or 
diviaiou,  with  ateap  gmdea  raqoire  the  fuel  and  water  atationa  to  be  neM«r  togetlier 
thaa  where  the  gnulea  are  easy. 

Perf»nM*BC«  oT  I«*e*MM»U¥C«. 

The  following  givea  the  laadB  (exclosive  of  locomotive  and  tender)  which  t^ 
above  deacribed  Itoldwin  mmminem  wUl  haul,  at  their  osoal  speed,  ou  a  straight 
track  and  on  different  urmdes  varying  from  a  level  to  3  ft  per  100  ft,  or  168.4 


ft  per  nile.    The  loads  are  based  upon  the  assumption  that  the  8o<a]led  ^r 

slon  "  of  the  looomotive  is  one-fourth  of  tbe  weight  on  all  the  driTers,  and  that 
the  condition  of  road  and  cars  is  such  that  the  ArietionnI  reeistenee  of  the 
cars  daea  not  exceed  7  lbs  per  ton  of  2240  lbs  of  their  weight.  These  are  ordinarily 
favorable  conditions.  The  adhesion  is  seldom  leas  than  one-fifth,  or  more  tbaa  ooe- 
third,  of  the  weight  on  the  drivers. 

The  rentstnaee  of  em*  to  motion,  on  a  level  track,  and  with  can  and 
track  in  latr  order,  is  usually  taken  at  about  from  6  to  8  lbs  per  ton  of  224A  Iba. 
With  everything  in  perfect  oraer,  it  may  fall  as  low  as  6,  or  even  4  lbs  per  ton.  On 
the  other  hand,  if  the  wheels  are  not  truly  round,  and  if  the  Journals  are  not  well 
lubricated,  it  may  greatly  exceed  10  or  12  lbs.  Sea  p  874e. 
ennire  4  ft  8 1«S  ins. 
I  in  tons  of  2240  ibe  (exclusive  of  locomotive  and  tender). 


' 

a 

• 

Onoffrodeof 

OISM 

Oper 

Hpsr 

ipw 

IH  PW 

Sper 

«X  P«r 

»P«r 

ceet  = 

eent= 

eeat= 

eent= 

oeiit= 

J 

i 

^'iff' 

M.4ft 

bt.Btt 

79.3  ft 

106.6  rt 

ittn 

Ifi&i  fi 

a 

per 

P» 

per 

per 

per 

per 

^ 

mile. 

mile. 

mile. 

mile. 

mile. 

mile. 

8-14-0 

P  ) 

600 

220 

130 

86 

60 

46 

at 

8-20-O 

PF    . 

rtssn" 

-(1000 

436 

266 

170 

126 

06 

76 

8-30—0 

" 

1660 

676 

896 

266 

200 

160 

116 

10— 26— D 

FM 

1686 

740 

486 

806 

220 

176 

186 

10-28-D 

**    ?- 

"10. 
wheel " 

.^1830 

780 

460 

820 

236 

186 

160 

10— S2-D 

"   i 

2090 

016 

640 

876 

270 

216 

176 

8— 18-D 

F 

930 

406 

240 

160 

120 

06 

75 

8— 26-D 

** 

ful- 

•(1880 

800 

476 

830 

246 

196 

166 

8-82-D 

*« 

2830 

1026 

610 

412 

316 

246 

IM 

10-34— B 

« 

"dm. 

2660 

1130 

670 

466 

360 

276 

220 

10-36-.B 

"  r 

lollda- 

2740 

1206 

720 

496 

870 

290 

286 

4—26-0 

8 

1636 

720 

430 

300 

226 

176 

140 

6-28-D 

«* 

1866 

820 

490 

340 

266 

200 

160 

Onair«  S  ft* 
in  tons  of  2240  Ibe  (exclusive  of  looomotive  and  tender). 


a 

Onnsvnde  of 

OkMS. 

Oper 

Mper 

Iper 

l«per 

tper 

Nhp^ 

»P« 

4 

SMltS 

oe«t= 

eent= 

eeats 

eent= 

eee(= 

1 

1 

an 

».4fl 

6«.8ft 

w.tn 

106.6  A 

.139  A 

16S.4ft 

a 

1 

IMT 

per 

PW 

p« 

I*' 

F!"" 

per 

1 

mils. 

mile. 

mile. 

mUe. 

mile. 

mile. 

mile. 

8-18—0 

P 

i'Ame- 

660 

262 

148 

103 

73 

66 

43 

8— 22— C 

M 

rieaa" 

790 

808 

182 

128 

90 

68 

63 

t-20^-.D 

F 

«*10- 

900 

863 

216 

146 

112 

88 

68 

8— 22— D 

*t 

wheel" 

090 

802 

235 

162 

120 

92 

74 

10— 24— £ 

*♦ 

"Mo- 
f»l" 

1160 

460 

276 

191 

142 

116 

80 

10— 26— E 

«» 

1460 

680 

850 

248 

1^1 

142 

U4 

4— 18— C 

S 

"Ckm- 

825 

836 

205 

146 

110 

90 

76 

6— 22^D 

tfSf" 

1820 

640 

830 

236 

180 

146 

120 

*  See  foot  note,  p.  809. 
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of  a  locomotive,         one  piston  in  ina.       atroke  in  ins.  jn  feg  per  sq  inch. 

in  pounds         =  Diameter  of  driving-wheel  in  inches 

Deduct  20  to  30  per  cent  for  internal  friction,  etc.  Theu,  if  the  result  exceeds 
the  '*  adhesion,"  the  tractive  power  is  only  equal  to  the  adhesion. 

The  initial  steam  prefMiar^  in  the  cylinders  is  always  less  than  the 
boiler  pressure ;  and  the  disproportiou  increases  with  the  speed.  Thus,  at  8  or  10 
utiles  an  hour,  the  boiler  pressure  may  be  about  110  lbs  per  square  inch ;  and  the 
cylinder  pressure  from  90  to  100  lbs,  while  at  a  speed  of  30  or  40  miles,  the  propor- 
tion may  l>e  as  110  to  60  or  70  lbs.  The  average  cylindf  r  pressure  is  ascertained  by 
means  of  an  indicator  applied  to  the  cylinder ;  and  its  proportion  to  the  initial 
pressure  depends  upon  how  early  in  the  stroke  the  supply  of  steam  from  boiler  to 
cylimler  is  cot  off;  or,  in  other  words,  upon  the  extent  to  which  the  steam  is  used 
txpantivdy. 

The  pover  nnd  speed  of  l4»eenBotlires^nnd  their  eonsnmp- 
tlon^f  fliel  and  water*  vary  greatly  with  circumstances,  such  as  grades  and 
curvature;  condition  of  track  and  rolling  stock;  number  of  cars  in  train;  diam- 
eters, number  and  distance  apart,  of  car  wheels;  manner  of  coupling  the  cars;  skill 
of  locomotive  runner  and  fireman,  Ac,  Ac.  The  following  records  of  actual  perform- 
ance will  serve  as  iudicaUous:  « 

Baldwin  en^rlnes.  Anthracite  passenger  eniclne,  classS— 28— O, 
**  American  "  type,  hauls  9  loaded  passenger  cars,  216  tons  besides  weight  of  engine 
and  tender,  52  tons,  up  a  grade  1771  ft  long,  averaging  107  ft  per  mile,  at  10  miles 
per  hour.  At  the  foot  of  the  grade  is  a  curve  of  225  ft  radius,  on  which  the  giade 
is  100  ft  per  mile.  A  similar  engine  hauls  4  passenger  cars,  1  parlor  car  and  1  bag- 
gHge  car,  145  tons,  engine  and  tender,  59  tons,  59  miles  over  a  nearly  level  road,  witn 
few  and  easy  curves,  in  1^  hours.  Boiler  pressure  about  125  lbs  per  square  inch. 
Four  such  runs  consumed  10000  lbs  of  coal.  Bitnmluons  passenfr^i^  «■>- 
|tlne«  class  8—4)0 — C,  **  American  *'  type,  hauls  4  passenger  cars,  1  sleeper,  and  3 
baggage  and  mail  cars,  150  tons,  engine  and  tender,  61.4  tons,  11.55  miles  in  28  niin- 
utM,  up  continuous  grades,  mostly  of  alK>ut  70  ft  per  mile,  and  over  nearly  continu- 
ous reversed  curves  of  from  1°  to  7°.  Freicht  engrlnes,  class  10— 30— D,  "  10 
wheel "  type,  haul  the  following  trains :  with  bituminous  coal,  18  cars,  337  tons, 
•ngine  and  tender,  66  tuns,  up  a  grade  of  79.2  ft  per  mile,  with  a  curve  of  819  ft 
ruSufl,  885  ft  long ;  48  cars,  386  tons,  engine  and  tender,  65  tons,  up  a  grade  of  62  ft 
per  mile,  with  4*^  curves ;  40  cars,  785  tons,  engine  and  tender,  65  tons,  up  a  grade 
»f  21  ft  per  mile,  on  5°  curves.  Frelfpht  engrlues,  chiss  8— 26— D,  '*  Mogul  '* 
type,  haul  45  cars,  300  tons^  engine  and  tender,  55  tons,  up  grades  of  83  ft  per  mile, 
with  a  2°  curve ;  starting  on  the  grade;  boiler  pressure  about  130  lbs;  also,  37  cars, 
185  tons,  engine  and  tender,  55  tons,  up  a  grade  of  85  ft  per  mile,  with  curves  of  9^ 
and  IQP.  Frelg^ht  enarln«M«  class  10— 34— £,  "  Ck>nsotidation  "  type,  haul  90 
cars,  about  2000  tons,  engine  and  tender,  68  tons,  45.5  miles  in  4  hours  21  minutes, 
over  a  nearly  level  road  with  easy  curves,  consuming  1.8  to  2.7  lbs  of  bituminous 
coal  per  loaded  car  per  mile ;  also,  with  anthracite  coal, 33  cars,  264  tons,  engine  and 
tender,  68  tons,  up  a  grade  of  96  ft  per  mile,  12  miles  long,  with  many  curves  of  573 
ft  radius,  at  from  10  to  20  miles  per  hour;  also,  with  anthracite,  25  loaded  4- wheel 
coal  can,  235  tons,  engine  and  tender,  68  tons,  up  a  grade  ot  126  ft  per  mile. 

Central  Paeilie  R  B^  1883.  Engines  with  4  drivers,  56  ins  diam,  cylinders 
17  X24  ins.  Weight  on  drivers,  47550  lbs  =  21.26  tons;  weight  of  engine  and  ten- 
der, in  working  order,  133000  lbs  »  59.4  tons.  Average  train,  51  freight  cars,  860  tons. 
Maximum  gnule8,62  ft  per  mile.  Sharpest  curve,  6°.  Runs  of  84  and  145  miles. 
Total  distance  run,  3000  miles.  Average  speed  about  10  miles  per  hour.  Maximum 
Ixrfler  preeenre  126  lbs  per  aquare  inch.  Bituminous  coal  consumed  73  lbs  per  train 
mile;  or  30.8  train  miles  per  ton  of  coal ;  or  11  ton  miles  per  lb  of  coaL  Water 
evaporated  41  gallons  per  mile ;  4.71  lbs  per  lb  of  coal. 

On  the  Boston  A  Albany  R  R,  jmsseniT^i^  en«:lnes  with  4  driven 
68%  ins  diam,  cylinders  18  X  22  ins,  with  6  passenger  cars,  run  between  Boston  and 
Springfield,  97  miles,  in  about  4^  hours,  consuming  8000  lbs  coal,  400  lbs  wood  for 
lighting,  and  evaporating  47800  lbs  of  water;  or  say  6  lbs  per  lb  of  coal.  Boiler 
pressure  130  to  150  lbs. 

« In  the  Baldwin  Works  classification  ("  8— 30— G  "  etc)  the  first  number  (8, 10  etc) 
is  the  total  number  of  wheels  of  the  loco.  The  second  indicates  axhitroirity  the  diam 
of  the  cyls;  thus,  12  means  9  ins;  14, 10;  16,  11;  18,  12;  20, 13;  22, 14;  24, 16;  26, 
16;  28, 17;  30, 18;  32, 19;  34,  20;  and  36,  21  ins  diam.  The  letter  (0,  D,  or  E)  indi- 
cates the  number  (4,  6,  or  8,  respectively)  of  driving  wheels.  In  the  **  Service  "  col- 
umn of  opposite  table,  P  means  passenger;  F,  freight;  M,  mixed;  and  S,  switching. 
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ATerareor  malm  line  of  PlUla  A  Beadlnv  It  R^18S4. 


Pusseoger.... 

Freight 

Coal: 
Up  (emptr) 
Dowa  (fuU) 


AT«rMe 
speed. 


sa 

SO 


15 

la 


8 
40 


1<S 
146 


Wdgbt  of  train. 

Oars. 

L.  k  T. 

Total. 

tons. 

tons. 

tons. 

157 
835 

66 
72 

223 
S07 

678 

laao 

71 

72 

680 
1682 

Coal  oonsamed. 


Kind. 

uXU. 

Per 
km.adle. 

Anth 
Waste 

lbs. 
68.4 
103.8 

138 

lbs. 

.31 
.11 

**Coal  coDsnmed"  inclndM  nmonnt  used  in  firing  up.  *'Ton"=  2240  lbs.  Tb« 
"vruste"  is  finely  broken  anthracite,  or  ^^enlm^''  t))e  reftne  of  collieries,  Ae, 
burned  on  the  special  grate&idesigned  for  it  by  Mr.  John  E.  Wootten. 

On  the  Pbila  i  Rending  R  R,  in  1M8,  ttte  dMit  Of  IMel  |NM*  AfCtiftO*  trala 
mile  was,  for  anthracite,  12.4  cts ;  for  **  calm,"  2.3  oti.  Tiie  fttst  iiaBsenger  feaginss 
ran  55  miles  in  7t  minutes,  witti  15  full  passenger  cars,  consuming  53  Ibi  calm  per 
minute  =  73  lbs  per  mile,  and  evaporating  55  gallons  of  water  per  minate  »>  76  gal- 
lons per  mile. 

Tiie  average  eonsnmptlon  of  Mtamlfions  eoal  %y  possencer 
enirines,  on  9  roads,  ih  iBSfi,  was  5QL44  Hm  per  laniie  run  1  greatest,  §7 ;  least,  w. 

Wood  ftiel.  A  ton  (2240  lbs)  of  good  anthracite  or  bituminous  coal  is  about 
equal  to  1}/^  cords  of  good  dry,  hard,  mixed  woods  (chiefly  white  oak) ;  or  to  2  coids 
of  such  soft  ones  as  hemlock,  white,  and  common  yellow  pine.  M nch  of  the  inferior 
bituminous  coal  of  Illinois  is  hardly  equal  (per  ton)  to  a  cord  of  average  wood. 

A  cord  is  4  X  4  X  8  ft,  ot  128  cub  ft.  A  cord  of  good  dry,  white  oak,  (next  to  hick- 
ory, the  best  wood  for  fuel,)  weighs  8500  lbs  or  1.663  tons.  Dry  hemlock,  white,  or 
common  yellow  pl»e,  (all  6f  them  inferior  for  fuel,)  about  .0  ton.  Perfectly  green 
woods  generally  weigh  about  2  to  ^  more  than  when  partially  dried  for  locoBu:tive 
use ;  in  other  words,  a  cord  of  wood,  in  its  partial  drying,  loses  from  ^  to  ^  ton  of 
Wiiter,  and  still  contains  a  large  quantity  of  it.  Since  this  water  causes  a  great 
waste  of  heat,  green  wood  should  never  be  used  as  fuel.  The  values  of  woods  as  fael 
are  in  nearly  the  same  proportion  as  their  weights  per  cord  when  perfectly  dry. 

Tbe  rtin  of  freigtht  ond  paasennpeir  trains  Uiroaslioat  the  V 
States  is  20  to  40  miles  per  cord,  and  30  to 00  miles  per  ton ;  or  say  40  to  80  pounds 
of  eoal  per  mile;  but  very  heavy  freight  trains  will  bum  from  100  to  200  pounds 
or  more  of  coal  per  mile ;  =  22.4  to  11.2  miles  per  ton.  Much  depends  upon 
the  adaptation  of  the  engine  to  the  kind  of  fuel  used.  A  good  coal-burner  may  be  bad 
for  wood,  and  vice  versa ;  so  that  trials  with  the  same  engine  may  give  very  erroneous 
results  as  to  the  comparative  merits  of  the  two  kinds  of  fuel.  When  wood  is  used,  about 
.2  cord ;  or  when  coal,  about  ^  cord  of  wood,  must  bir  iisad  lor  kindling,  and  getting 
up  uteam  ready  for  running;  and  this  item  is  the  same  for  a  long  run  as  for  a  short 
one ;  so  that  long  roads  have  in  this  respect  an  advantage  over  short  ones,  in  econ- 
omy of  fuel.  Wood  has  the  disadvantage  of  emitting  more  sparks ;  and  is,  moreover, 
nearly  twice  as  heavy  as  coal,  for  the  performance  of  equal  duty ;  and  is,  ther^ore^ 
more  expensive  to  handle.    It  also  occupies  4  or  5  times  as  much  space  as  coiU. 

Up  grades  greatly  increase  the  consumption  of  fuel.  Thus,  on  a  road  95  miles 
long,  with  grades  mostly  of  less  than  6  ft  per  mile,  and  with  very  fsw  exceeding  14 
ft  per  mile,  with  coal  trains  of  734  tons  descending,  and  291  tons<empty)ascendiDg, 
at  about  10  miles  per  hour  each  way,  tbe  coal  consumption  per  100  miles  for  eadi 
ton  of  total  train  (including  engine  and  tender)  was  14.5  lbs  descending,  and  36.6  Ibi 
ascending. 

On  first-class  roads  a  passenKer  eiiffin<^  will  mwermge  about  SSOOt 
miles  per  year,  or  say  100  miles  per  day ;  a  freight  engine ^SOOO  miles  per  yeac 
or  say  70  miles  per  day. 

liOcomotlve  espensea  per  160  miles  i^n,  will  average  aboot  a8  follows: 

Passenger.  Freight, 

Puel  „ „ « ...«      8.00  OjOO 

Water. 1.00  2.00 

Oil,  waste,  Ac 70  .90 

Repairs 4.00  8jOO 

Engineer  and  fireman 6.00  000 

Putting  away,  cleaning,  and  getting  out      1.50  2.00 

Locomotive  superintendence 30  .50 

S15.50  «25.^ 
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.Thic  ia  aU  that  U  OBiislly  stated  in  annual  reperta  of  expenditnres;  tnit  ioasmach 
as  an  engine  in  active  Benrice,^en  nnder  a  judicious  system  of  i-epairs,  generally 
becomes  worthless,  (except  as  old  iron,)  in  say  16  years  on  an  average,  an  additional 
allowance  of  about  tf  per  ct  on  the  first  cost,  or  about  $500  to  $800  —  say  $2  per  100 
miles,  should  be  made  annMally  for  depreeiatlon  of  eacb  eui^lne, 

CARS. 


Vsaal  mmamM 

Iiil88«.    For4a8}^TiisMiire* 

Lenstk 

of  U>djr. 

ft. 

Vldtk. 

ft. 

above  raU. 
ft. 

tiuipijr. 
Ita. 

Nominal  ea> 
paelty,  in 

puMosgors,  or 

llM. 

• 

PaMteoger 

Parlor" 

44to5t* 
60  to  60* 

4&to&5* 
«lo86« 

92  toss 

12  to  It 

14 

8     "^9X 
8      to  9^ 
8Hto9 
8      to9 
6      to8 
8 

14 

M 

11     to  ISt 
6    to  IHt 
SHto   4^ 

T  to  sh: 

SOOOO  to  60000 
tOOOO  to  79000 

40000  to  SOOOO 
20000  to  28000 
IflOOO  to  22000 
14000  to  19000 
18000  to  12000 
StOO  to   9690 
9000 

SO  to  60 
SO  to  40 
tStoSO 

40000*  to'sOOOO 

SOOOO  to  40000 

SSOOO  to  60000 

UOOO  to  20000 

18000 

4000  to   6090 
8000  to  '2000 

BiwlS(r,iaail.and 

expresa. b... 

Box  and  oattle. 

Gondola. .......... 

10000  to  ISOOO 

2000  to   4000 
400te     S60 
800  to      460 

Platrorm 

Coal,8wbeel8 

"     4  wheel. 

Dump 

400  to      460 

200  to      160 

100 

*  Add  6  ft  In  all  for  the  two  pUtforai.    Theaa  are  a^naUy  from  S  ft  t  ins  to  4  ft  above  the  raila 
t  Add  from  1  to  2  ft  for  projecting  brake  rod  and  handle. 
I  Add  about  1  ft  for  prvfaodng  brake  rod  and  handle. 


On 

car  building. 


Thee 


KWange  (3  ft  and  3^^  ft)  roads,  there  is  bat  little  uniformity  in 
dimensions  and  capacities  of  the  cars  are  now  not  much  less  than 


those  of  corresponding  cars  for  standard  (4  ft  8U  ins)  gauge ;  while  the  weights  and 
"  •  Thef ■       ■  -  - 


Passenger,  45  ft  long,  $}4  ft  vri^e,  $3000.  Parlor,  46  ft  long,  fi}4  ft  wide,  $9000, 
Baggage,  Ac,  35  ft  long,  SU  ft  Wid^,  $1800.  Freight  and  coal,  24  to  80  ft  long,  7  to 
giZft  wide,  $200  to  $400. 


nimenfilons,  Ae,oriro*i*flPanke  cars,  built  by  the  United  States  Tube 
Rolling  Stock  Go;  office,  No  3  Broaid  St,  Vew  York. 


l.«IMlt]l.l  Wldtl^ 

ft.        I        ft,    . 


Welskt, 

empty. 
Ibi. 


Nominal 
eapaelty* 

Ibn. 


Box  and  cattle. 

Gondola 

Platform 

Coal,  8  wheels. 

Box  and  eatUe 

Oondnla. 

Platform 

Coal.  8  whe^. 


For  4  ft  H}4  ins  ffaanre. 

SSH   I   »H      \       ^H  \         2IS0O   I    60000 
84  to  S4)<  7><  to  8M    l!4       leOOO  to  19000 jSOOOO  to  60000 

S4        8  14000        60000 

84^1    8   I   2^  I    18900   i    60000 

ForS^fttfaaffe. 


10590 


40000 


Jg  Moeie 


For  datarespeetlng  oare,  Me.  we  are  indebted  to  Jaekson  ft  Sharp  Co  and  Dare  ft  Co,  WHmlngton, 
Dei ;  AUieon  Mfg  Co,  makeri  of  cars  and  dealers  ia  wheeli  and  axles,  PhUa;  Harrisburg  (Pa)  Car 
Mfg  Co ;  Erie  <Pa)  Oar  Works,  Lim ;  YouOgstowa  <p>  Gar  Mte  Co  i  Mlohlgaa  Car  Co,  Detroit ;  Mid. 
dletowB  (P^)  Car  Works :  J  G  Brill  ft  Co,  Phila.;  Gilbert  Car  Mfg  Co.  Troj,  M  Y. 

The  averaiT*  llfo  of  a  passenger  oar  is  about  16  years.  Average  guinnal 
repairs,  indading  palntinff,  $800  to  $700;  for  mail  and  express  oars«  $160  to  $800; 
freight  cars,  $76  to  $150;  4-wheel  coal  cars,  $20  to  $30.  On  tbe  Phila  A  Beading,  in 
1883.  repairs  were  as  folUvws:  passenger  cars,  $0,166  per  100  passenger^miles ;  freight 
cars.  $0,138  per  100  ton^miles;  coal  oars,  $0,078  per  100  ton-miles. 

Allowing  126  lbs  per  passenger,  %/ull  car-load  of  passengers  (60  to  60  in  number) 
would  weigh  but  from  6260  to  7600  lbs,  or  si^  3  tons ;  while  the  oars  themselves 
weigh  say  20  tons,  or  nearly  7  tons  of  dead  load  to  1  paylnir  $on  of 
passennrers.  But.  as  a  general  rule,  passenger  trains  are  not  more  than  half- 
filled  :  thus  making  tne  proportion  about  13  to  1.    Tbe  foregoing  table  shows  that 
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when  IVel|rl>^  emwm  an  Umied  to  tiielr  nomiaal  etpadty,  Acre  Is  bat  about  1-ft 
tott  af  4e«4  iMMl  p«r  ton  •€  pAjrini^  ImmI;  or,  with  can  half  loaded, 
1  tol. 

From  tbo  table,  p  814,  it  will  be  seen  tbat  the  arerage  cost,  in  the  United  Statot, 
of  moving  a  passenger  one  mile  is  2\^  times  tliat  of  moring  a  ton  of  fright  one 
mile,  while  the  receipts  per  passenger-mile  are  not  quite  doable  those  per  finei^t- 
ton-mile. 

TIm  r^mtmtmm^e  •€  «•■«  i«  ■••AioMt  on  a  level  Hack,  and  with  can  and 
track  in  fair  onler,  is  usually  taken  at  abont  ft-om  6  to  8  lbs  per  ton  of  2240  lbs. 
With  ererytbiug  in  perfect  order,  it  may  fall  as  low  as  6,  or  even  4,  Iba  par  ton. 
On  the  other  hand,  if  tlie  wheels  are  not  truly  round,  and  if  the  journals  an  not 
well  lubricated,  it  may  greatly  exceed  !•  or  IS  lbs.    See  p  874«. 

Tli«  wlieeis  far  pa—enyr  «nd  freif^lit.  ears  are  nsimlly  about  30 
to  3:^  iu8  diam ;  and  those  of  coal  cnra  26  to  28.  The  cast-iron  whe«ds  made  by  Messrs 
A.  Whitney  *  Sens,  of  PhiUida,  weigh  aa  fbllows,  per  single  whsaL    Gone,  1  in  32: 


Vsaitl  «iiair«* 

Harrow  Oaiiye, 

IMuMter 

•r 

WhMlk 

SioglePUts. 

DoabtePUts. 

SloslsPUte. 

Doable  Plelsu 

4  In 
Tread. 

4Klo 
Tre«L 

4fil 
Tnmd. 

^Hl 

Si£ 

Trmd. 

t»ta 
Tre«L 

S9<ia 
Tnad. 

90  in. 

22  in 

ms 

260 
(846 

\m 

(360 
1875 

r406 
t440 

f446 

1485 

(610 
1546 

686 
685 

ms 

-=270 
880) 

«jo; 

880) 
8»| 

425) 
460f 

470) 
510| 

640) 
676/ 

040 

ms 

ms 

880 
400 

400 

606 

655) 
675  V 
500j 

ms 

(200 

1250 

246 

(266 

-^320 

(830 

286 

^336 

1350 

820 

-{366 

(400 

(405 

1446 

2061 

256| 

266 

276) 

880V 

840) 

800) 

850W 

860) 

335) 

880  V 

415) 

4251 

466/ 

ms 

840 

346 

880 
460 

»• 

24  in. 

«6in 

28  in. 

80  In. 

33  in. 

36  in. 

365 
880 

440 

480 

f525 
^545 
1560 

850 
800 

806 

470 

88  in. 



*"*'*"* 

The  weights  by  other  makers  do  not  differ  from  these  materially. 

Tlie  diam  of  car  or  engine  wheels  does  not  include  the  flanges;  but  is  tba 
least  diam  fh>m  tread  to  tread. 

Friee  of  cast  chilled  wheels,  in  Fhila,  In  1888,  about   S  cts  per  lb. 

Oood  eliilled  emmt  wheels,  3S  Im  diam,  will  ran  about  60,000 
miles;  usually  about  40,000;  rarely  dOfiOO  or  much  higher.  42-inch  wheels  (rarely 
used)  average  abont  one-third  higher.  On  first-class  roads  about  1  to  1^  par  oMit 
of  all  the  car-wheels  are  cracked  or  broken  anniudly. 

In  the  steel-tired  «*  paper  ear- wheels  **  of  the  Allen  Paper  Oar-Wheel  Co, 
office  240  Broadway,  New  York,  the  hub  is  of  cast-iron  or  steel;  the  ** center,**  or 
main  body  of  the  wheel,  of  compressed  stnw-board  confined  betwaan  two  circular 
plates  of  rolled  iron ;  and  the  tiro  is  of  rolled  steel.  The  bolts,  wbh^  oanflae  tiam 
iron  plates  to  the  paper  center,  pass  also  tii  rough  ftsnges  on  the  outside  of  the  hub 
and  the  inside  of  the  tiro.  To  securo  elasticity,  the  bolt-holes  in  the  flMige  of  the 
tire  aro  slightly  elongated,  and  the  circular  iron  plates  an  made  of  a  little  leas  diaa 
than  the  inside  of  the  tin,  so  that  the  plates  and  tin  do  not  oome  into  contact,  but 
the  weight  of  oar  and  load  is  transferred  fnm  the  hubs  to  the  tires  throng  tha 
paper  centers  only.  These  wheels  an  now  lansely  used  on  passenger,  parlor,  and 
sleeping  cars,  and  on  the  trucks  of  locomotives.    The  principal  siaea  for  4  ft  ^  is 
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gauge  are  33  inch  and  42  inch ;  treads,  for  either  diam,  3^  and  4l<  ins.  A  42-inch 
pAp«r  wlieel  costA,  188iB,  firom  $73  to  180^  according  to  width  of  tread ;  and 
weighs  1085  lbs;  of  which  165  fte  are  paper;  550  lbs  tire ;  160  lbs  side-plates;  180 
lbs  hub ;  and  30  lbs  bolts.  The  steel  tires  on  4e-inch  wheels  run  about  100,000  miles 
between  turnings,  add  abo«t  400^)00  miles  before  having  to  be  abandoned.  A  new 
tire  is  then  placed  upon  the  old  center,  at  a  cost  of  about  $65.  Allowance  must  be 
made  for  the  fact  that  these  wheels  are  generally  under  sleeping  or  parlor  cars  or 
UrstHclaas  passenger  cars,  on  through  trains  which  make  few  stops;  and  that  ^ey 
are  therefore  sut^tad  to  less  of  the  destructive  action  <^  the  brakes  than  are  com- 
mon wheels.  Besides,  the  great  majority  of  the  latter  are  used  under  freight  cars, 
where  they  have  rough  VMC^  <ta«  to  the  inferior  •haraoler  of  the  springs  on  such 
cars,. Ac.  The  average  cost  of  turning  steel-tired  wheels  is  about  $1  to  $1.25  per 
annum  per  pair.  Axles.are  said  to  run  several  times  longer  with  paper  wheels  titan 
with  ctet-ivMfr  ones. 

Wheels  of  cast-  and  of  wrought-iron  with  steel-tires  are  being  largely  used  ex- 
perimentally under  high-class  cars.  They  run  longer  than  chilled  cast-iron  wheels, 
but  are  more  costly. 

A  xlen.  Stm><iir<l  dimensions  adopted  by  the  Master  Car  Builders*  and 
Master  Mechanics*  Associations  in  1879:  KienKtli,  totaU  6  ft  11^  ins;  between 
hubs,  4  ft  0)^  in ;  each  wheel-seat,  7  ins ;  each  jtmrnal,  7  iaa.  RInas,  at  middle, 
'i%  ins ;  at  hubs,  4J^  ins;  at  journals,  3^  ins.  Weiftlit,  finished,  m  Uta  p&t 
axle.  The  diam  at  middle  was  increased  to  4V^  ins  by  the  Master  Car  Builders' 
Association  in  1884.    This  change  of  course  increased  the  weiarl>t'  slightly. 

CJost  of  hammered  iron  axles,  about  2^^  cts.  per  lb. ;  buuiaered  steal  axles,  abont 
3ctfi.  perlb.  (1888) 

For  Stsindatd  Railwajr  Time,  see  p.  396. 


y  Google 


814 


BAILSOAD  STATISTICS. 


BAILBOAD  STATISTIGS. 


Art«  1.    IB  the  foHowing,  most  of  the  flgores  for  1880  are  t>aBed  upon  the  V.  S. 
Census  for  that  year ;  those  for  1884^  upon  i**or%  M«Ba»l« 

IM  THE  vBrrrEB  status. 


1S8#. 

18M. 

PlMlt. 

1lffll#a  kittli  in  one  vear « 

7174 

87801 

6191 

12386 
12282 

46800 
4112 

17412 
12330 

4476 
375312 
80138 

4761 
418 

61661 
4530 

66302 
368614 

1641 
4740 
230 
6611 
.0261 
.0129 
.2483 
.7169 
.0348 
.1136 

4019 
.0076 

.0171 

.6078 

.0604 

3977 

(tn  1881,  9780;  in*  1882, 11596.) 

Onare,                                      Percentage  of  all,  1880.      ^ 

3?t 5 1  .  ( 

4tt%U ins 66 J5 8  J 

4  ft  9  ins 11 ii  1 

6  ft  (Southern  gauge) 11 •      i 

125152 

.....7."!!! 

Cost  of  road,  exclusive  of  rolUng  stock,                     '  « 

per  mile,  in  dollars 

total,  in  millions  of  dollars «. «.. 

Rolllnsr  stock  in  operation. 

Numter  of  locomotires 

*'     passenger  cars 

24587 
17993 

"     baggage,  mail,  and  express  cars 

5911 

*♦     freight  cars 

798399 

"     oth»*r       " 

Cost  of  rolllnv:  stock, 

per  mile  of  road,  in  dollurs 

total  in  millions  of  dollars 

per  mile,  in  dollHrs 

65330 

total,  in  mUlions  of  dollars 

Operation. 
For  one  year. 

Passengers  carried  one  mile,  per  mile  of  road.. 

Tons  of  fraight  carried  one  mile,  per  mile  of  road 

6926 

70143 
357367 

Oross  earnlntrs, 

per  mile  of  road,  from  passengers,    dollars 

«     freight *»      

«            •*             "     malls,  Ac...„      "      

"            "          total "      .,  ... 

1653 

4018 
429 
6100 

perpasRenger-mile,frora  passengers,      **      

^    ton-mile,  from  freight..... "      „ 

passenger  earnings  -s-  total  earning^ 

.0236 
.0112 
.2700 

freight            ♦*         ^         «               

mall,  Ac,         «        _j.         it               

.6588 
.0708 

gross  earnings  -I-  total  investment 

ai02 

Expenses.    (For  details,  see  Art  3.) 

per  mile  of  road dollars • 

cost  of  moving  freight,  per  ton-mile. ...... ........     ** • 

(Penna  R  R,  1883,  $.0056.)                t 

(PennaRR,  1883,  $.0163.) 
expenses  -i-  gross  earnings 

.6606 

Net  enrninsrs. 

Net  earnings  -j-  total  investment 

.0886 
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Art.  2.    VIIITED  STATES  BY  NTISIONS,  1884. 


Eastern 
Slates. 

Middle 
States. 

SontherD 
States. 

Vestern 
State*. 

Paciflo 
States. 

Total, 
U.S. 

Plitnt. 

Miles  in  operation.. 

Cost  of  road  aod  equipment 
per  mile,  dollars 

6405 
52166 

18256 
92306 

19826 

72704 
48418 

7961 
68549 

125152 
55330 

Op^mtiom 

For  one  year. 

Gross  earnings  per  mile,  $» 

Expenses  per  mile,  $ 

Expenses-t-Gross  earnings. 

9142 
6564 
.718 

12177 
7951 
.653 

8524 
2322 
.659 

6199 
3339 
.642 

4348 
2615 
.601 

6100 
3970 
.651 

Art.  8.   Items  of  total  annual  expenses  for  maintenance  and  opera- 
tion  of  all  the  railroads  of  the  United  States  iu  1880. 


mile 
of  road. 


pereenk 

of  total. 


per  cent 
of  earn- 
ings. 


Repairs  of  road-bed  and  track 

Renewals  of  iiailB*(total  $17248950) 

"  "  ties  (total  $10741577) 

Repairs  of  bridges 

**  buildings.- .;„ — ^ , 

*•        "  fences,  crossings,  Aq.. ., ,.. 

Telegraph  expenses..... 

Taxes 


Maintenance  of  road  and  real  estate.. 


Repairs,  <Scc,  of  locomotives. 

**           **       passenger,  baggs^e,  and  mail  cars.. 
♦•  •*      freight  cars 


Rttfiairs,  4&c,  of  rolling  stocks ^ 

(iBcluding  renewals  and  additions.) 

Passenger  train  expenses 

Freight    "        " «. 

Fnelforlooomotives..... » ». 

Water  supply,  oil,  and  waste ^ 

Wages  of  looomotiye  mnners  and  firemen 

Agents  and  sttitlon  senrlce  and  sappltes.. 

fiiUarlea  of  ^ken  and  clerks. ..........»«.....»......».»«.; 

Advertising,  insurance,  legal  expenses,  stationery,  and 

printing 

Damages  to  persons  and  property 

Snndries 

Running  and  general  expenses... 


Aggregate  annual  expenses.... 


451 
197 
122 
102 

!? 

41 
162 


1169 


120 
207 


137 

mi 

;t74 

to 

310 
451 
J^ 

128 

40 
250 


2224 


4019 


11.23 
4.89 
3.04 
2.66 
2.17 
M 

i:oi 

3.77 


29.08 


6.19 
2.99 
6.40 


16.68 


8.41 
831 
9.31 
1.74 
7.72 
11.28 
.  8.48 

8.06 

.98 

6.22 


66.34 


6.82 
2.97 
1.86 
1.66 
132 
.26 
.62 
2.29 


17.67 


3.76 
1.82 

3.89 

9.47 


2.07 
4i»9 
6.6^ 
1.06 
4.69 
6.82 
8.10 

"l.87 


33.64 


60.78 


Bach  of  these  items  is,  however,  snbject  to  great  variation,  not  only  on  diff  roads, 
bat  on  the  same  road,  from  year  to  year.   A  road  with  many  bridges,  deep  cuts,  high 
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»mbkt«,  &c,  to  keep  in  repair,  will  have  hearier  maintenance  of  way  tlian  one  which 
bas  bnt  few ;  and  thin  item  ina.y  be  Cot  qpiall  one  year,  and  twice  as  great  the  next, 
^uel  niay  be  cheap  on  one  roud,  and  dear  on  another;  thus  materially  affecting  the 
item  of  motire  power.  And  so  with  the  other  items.  Sometimes  maintenance  of 
way  exceeds  motire  power  and  cars  together ;  at  others,  conducting  transportation 
is  fnlly  half  the  total  expense. 

Tlie  total  annaal  expenses  on  railroads  in  tlie  United  States 
usually  range  between  65andlao  cents  per  train  mile;  that  is,  per  mile  actually 
run  by  trains.  Also,  between  1  and  2  cents  per  ton  of  freight,  and  per  passenger, 
carried  one  mile.  When  a  road  does  a  rery  large  business,  and  of  such  a  character 
that  the  trains  may  be  heavy,  and  the  cars  full,  (as  in  coal-carrying  roads,)  the  ex- 
pense per  train  mile  becomes  large;  but  that  per  ton  or  passenger  small;  and  vice 
versa,  although  on  coal  roads  half  the  train  miles  are  with  empty  cars. 

Art.  4.  Oross  annual  earnings  per  mile,  per  passeiiflr*' 
mile,  and  per  ton  mile,  of  some  of  the  prinelpaf  V  S  rati- 
roads  In  1889. 


Pennsylvania  R  R. 

New  Turk  Central  k  Hudson  River... 

Baltimore  *  Ohio 

Central  Pacific 

Chicago.  Burlington,  k  Quincy 

Philadelphia  k  Reading 

Union  Pacific 

Wabash,  8t  Louis,  *  Pacific 

Atchison,  Topeka,  k  Santa  F6 

Average  of  United  States 


Leogth 

From 
puwnper 

pusn  per 

Promfrt 
per  mile 
ofroul. 

miles. 

mile  of 
road. 

pMsr 
iaUe. 

1806 

$4700 

$.0242 

$15616 

994 

6061 

.0200 

21794 

1487 

1812 

.0206 

10310 

2447 

2237 

.0303 

4577 

1806 

1632 

.0240 

7202 

780 

8429 

.0201 

17200 

1215 

2624 

.0320 

7154 

1730 

1220 

.0271 

4382 

1398 

1144 

.0606 

3974 

87801 

1641 

.0261 

►     4740 

$.0080 
.0086 
.0089 
.0240 
.0111 
.0161 
.0199 
.0080 
.0209 
.0129 


Art.  5.  Annnal  earnlnfrs  and  expenses  of  some  of  tlie  prln* 
elpal  railroads  of  tbe  United  Sf  ^      '     "^^^ 


I  States  In  1880. 


The  following  tabW  of  expeiiMS  in  past  yearn  will  lenre  for  oonpariaoii  with  tbt 
aboTt. 
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T»M«  «r  AnmiMl  BxpenMS  of  soni*  17  S  lUtlrsada,* 


Naibm  of  Ooaipuiiea. 


Per 
llile  of 


Per 
Tr»tD 

Mile, 
ou. 


Lehigh  Valley,  I860.. 


"  "       1868  and  1869 about... 

"        1872  

Baltimore  A  Ohio,  main  stem,  1859 

"  "  ♦•        "     1860 -. 

"  ••  a        ««     ige6 ^.^ 

•«  "  M        *i     1866 ^ 

"  «  Mi*     1872 i 

East  Tennessee  A  Georgia.  1872 

Memphis  A  Charleston,  1860 

Georgia  Central,  1872 

Penna  Central,  main  line  from  Phila  to  Pittsburg,  368  miles, 

1859,  exclusive  of  State  tonnage  tax. 

*•  ••        1860,        •*  M  u  u    

•»  "        1861,        «  u  «  a    

*•  **       1868,  tonnage  tax  repealed 

"  •«       1869,        "        "         " about... 

»  u       1872         «        ».         «         

Phila  A  Reading,  1859 

«         1860 

**  **         1868,  365  miles  of  main  road  and  branches... 

•«  "         1860 

"  "         1872 

North  Pennsylvania,  1860,  54  miles  long. 

1862. 

**  "     1867 


4434 
4254 


2017 
4180 


7848 


32000 


17200 


3213 
3240 
9534 


"  "  1872. 

Connecticnt ;  aven^  of  all  the  railroads,  1861.. 
Massachusetts;    **         u       u         <>         2861.. 

"  averages  of  19  years  previous  .... 


..average.. 


"  im 

Galena  A  Chicago,  1859 

1860 

Phila,  Wilmington  A  Baltimore,  main  stem,  1859 

♦«      »»         "      »*   ♦*   I860. 

"      "         u      «t   u   1861 

«      "         ««      "   «♦   1867 

New  York;  all  the  R  R  in  the  State,  average,f  1859 

"  •*         "        "         "  "  1861 

"  M         «        M  u  u  1867 

New  Jersey  R  K  and  Transportation,  1861 

Louisville  A  NashviUe,  1861 

Phila  A  West  Chester,  1861,  27  miles 

"  1862. H 

«  1872^ « 

Phila,  Germantovra  A  Norristown,  1861,  20  miles 

"  1862 

*♦  «  "  1867 

New  York  A  Brie,  1861 

"  "      1867,  with  its  branches,  784  miles  in  all 

New  York  Central,  1861 

«        1807,  with  it«  branches,  696  miles  in  all.... 

Bngllsh  R  R,  averages  for  185ft-7-8 

Scotch     "  a         «      «    ».  u 

Irish        "  "         «      "    «  " 


S781 
3785 
2700 
to 
4300 


3102 
4586 
7100 
7785 
17380 
4964 
5100 
13856 
12213 


2274 
2282 
7030 
6405 
6405 

18208 
6461 

14545 


103 
178 


89Ji 
105 

87 


91 
144 


95 
85 
70 
to 
110 


73 
116 
167 


187 
106 


59 


104 
56 

128 


177 


170 
66 
56 
52 


•  Annual  reports  often  omit  the  lengths  of  the  roads  and  branobes ;  and  as  these  n«qaently  vary 
from  year  to  jear,  it  is  possible  that  the  table  may  contain  some  errors  in  the  first  oolamn. 

f  3538  miles  in  operation.  Total  exps  equalled  1.66  eu  per  passenger  or  ton  oarriod  1  mile>  DcM 
Wiglit  of  oars,  equal  to  1.19  tons  per  passenger;  and  to  1.74  t<m^  1^  ton  of  freight. 
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Art.  ••    StatiBtica  of  sewesvA  V.  8.  nmrwmw^^tittme  rmitrmm^m  for  1884-« 

from  Poor's  Manual. 


Bridgten  k  Saoo  Birer,  Maine 

Proflle  k  PruaooDia  Notch.  N  H 

Camden,  Otoucenter  A  Mt  Rpbraln,  N  J 

Bradford,  Bordell  k  KiOEua,  Pa. 

Denver  A  Bio  Grande,  Col 


BoUlag  Stock. 


i 

P» 

s 

1 

SI 

II 

i 

^1 

It 

+ . 

11 

167  eil            94 

.TS 

430|    13<           MO 

.48 

645      28            142 

.M 

9n\  17!        ri7 

000     35           173 

M 

.75 

The  weights  of  the  steel  rails  used  on  narrow  gauge  roads  vary  from  30  to  40  lbs 
per  yard. 

Art.  7.  Miles  af  railroad  In  the  world  at  the  close  of  1883.  America 
(U  8,  125152),  143336.    Europe,  114313.     Total,  279866. 

In  Great  Britain,  in  1883,  there  wore  16000  miles  of  railroad.  Gross  earn- 
ings for  Aa(f  year,  ^0130  per  mile.  Expenses  for  ka^  year,  $5364  per  mile.  £z- 
pensei  +  Gross  earnings  =  .63. 


y  Google 
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GLOSSABT  OF  TEEMS. 


Ahacma ;  the  flat  square  member  on  top  of  a  column. 

AhtoiM  or  ahtd—a ;  aaj  porUon  of  the  axis  of  a  curve,  from  tbe  vertex  to  anv  point  from  which 
a  Uoe  leave*  the  axu  at  right  aaglee.  aud  exieodt  to  meet  the  carve  itself;  said  line  beiug  called  aa 
•rrffiMtfe.    An  absoiss  and  ordinate  together  are  called  oo-onUnoles. 

AteKfritff  an  upward  slope,  or  ascent  of  ground,  ftc 

Adit ;  a  horizontal  passage  Into  a  miue,  4e. 
^^dlare ;  a  well-known  curved  cutting  instrument,  for  dressing  or  chipping  hortiontal  surfaces. 

AU«maHng  motion;  up  and  down,  or  backward  and  forwara,  instead  of  revolving,  fto. 

Angle'bttid,  or  plaster  bead:  a  bead  nailed  to  projecting  angles  in  rooms,  to  protect  the  plaster oa 
their  edges  from  injury. 

AngU-bloek;  a  triangular  block  against  which  tbe  ends  of  the  braces  and  ooanters  abut  in  a  Howo 
bridge. 

AnguUtr  veloeit]/.    See  p  S8S. 

Anneal;  to  toughen  some  of  tbe  metals,  glass.  *o,  by  first  heating  them,  and  then  oanslnf  them  to 
eool  very  slowly.    This  process  however  lessens  the  tensile  strength. 

AnticlintU  oarfs ;  in  geology ;  a  line  from  which  the  strata  of  rocks  slope  away  downward  in.oppo* 
lite  dIrectloBs,  like  the  slates  on  the  roof  of  a  house ;  the  ridge  of  the  roof  reprecenting  the  axis. 

J^ex  ;  t  point  la  either  chord  of  a  truss,  where  two  web  members  meet. 

^ron;  a  covering  of  Umber,  stone,  or  meul,  to  protect  a  snrhoe  against  the  action  of  water  flow* 
lag  over  it.    Has  many  other  meanings. 

Arbor.    See  Journal. 

ArtkUraoo ;  that  part  of  aa  entablature  which  is  next  above  the  columns.  Applies  also  when  there 
are  no  columns.  Also,  the  mouldings  around  the  sides  and  tops  of  doors  and  windows,  atuobed  to 
either  the  laner  or  outer  face  of  tbe  wall. 

ArrU;  a  sharp  edge  formed  by  any  two  surfaces  which  meet  at  an  angle.  The  edges  of  a  brick  are 
arrises. 

AaMor;  a  fadng  of  out  stone,  applied  to  a  backing  of  rubble  or  rough  masonry,  or  brickwork. 

Attragal;  a  small  moulding,  about  semi-circular  or  semi>elliptic,  and  either  plain  or  ornamented  by 
•arving. 

Axu;  an  Imaginary  line  passing  through  a  body,  which  may  be  supposed  to  revolve  around  it;  as 
the  diam  of  a  sphere.  Any  piece  that  passes  through  and  supports  a  body  which  revolves :  in  which 
ease  It  is  called  an  axle,  or  shaft. 

Axio-box.    See  Journal-box. 

AxUtrte ;  an  axle  which  remains  fixed  while  the  wheel  revolves  around  It.  as  in  wagons,  *c. 

AMimnth.  The  azimuth  of  a  body  is  that  arc  of  tbe  horizon  that  is  included  between  the  meridian 
eirole  at  the  given  place,  and  another  great  circle  passing  through  the  body. 

^1*  Ac!*''  '***  '"*"*'*  "'"^ofy  0'  »  ^»"  '""^  ^^  '^ner  "ork.    Earth  deposited  behind  a  reUlnlng- 

BaiMieo-htam*;  the  long  top  beams  of  lock-gates,  by  which  they  are  pushed  open  or  shut. 

ifatt;  a  large  beam  of  timber.  ^        k  i~ 

BoUtut;  broken  stone,  sand  or  gravel,  4c.  on  which  railroad  cross-ties  are  laid. 

BaU-cock;  9.  olstern  valve  at  one  end  of  a  lever,  at  the  other  end  of  which  is  a  floating  ball.  The 
ball  rises  and  falls  with  the  water  la  the  cistern ;  aod  thus  opens  or  shuu  tbe  valve. 

Ball-valwo.    See  Valve. 

Bmrg«hoard$;  boards  nailed  against  the  ovter  Itee  of  a  waU,  along  the  slopes  of  a  gable  end  of  a 
houae,  to  hide  the  rafters,  Ac  ;  and  to  make  a  neat  finish. 

^osente  bridge;  a  hinged  lift- bridge  furnished  with  a  oonnterpoise. 

Bmtter,  (sometimes  alTectedlv  btMr.)  or  talme  ;  tbe  sloping  backward  of  a  fhoe  of  masonry. 

JTajr;  on  bridges,  Ac,  sometimes  a  panel ;  sometimes  a  span. 

B^ad  ;  an  ornament  either  composed  of  a  straight  cylindrical  rod  ;  or  carved  or  cast  in  that  shape 
OB  aay  surface 

Bearing ;  the  course  by  a  compass.  The  span  or  length  in  the  clear  between  the  points  of  support 
of  a  beam,  Ac.    The  points  of  support  themselves  of  a  beam,  shaft,  axle,  pivot.  Ac. 

Bed-mouldingt ;  ornamenul  mouldings  on  the  lower  face  of  a  projecting  comlee,  Ac. 

Bed-plate;  a  large  plate  of  iron  laid  as  a  foundation  for  something  to  rest  on. 

Beetle;  a  heavy  wooden  rammer,  such  as  pavers  use. 

Bai-erank.    See  Crank. 

Beneh-marit ;  a  level  mark  cat  at  the  foot  of  a  tree  for  future  reference,  as  being  more  permaoeat 
than  a  stake. 

Berm,  or  6«rwM  :.a  horizontal  surface,  as  if  for  a  pathway,  and  forming  a  kind  of  step  along  the  fsre 
or  sloping  ground.  In  canals,  tbe  level  top  of  the  embankment  opposite  and  corresponding  to  the 
towpatb  Ls  called  the  berm. 

Beteemer  steel  Is  formed  by  forcing  air  into  a  mass  of  melted  east  iron ;  by  which  means  tbe  excess 
of  carbon  in  tbe  iron  is  separated  from  it,  until  only  enough  remains  to  constitute  oast  steel.  The 
carbon  is  ehemicaiiy  united  with  the  steel,  but  mechanicaUy  with  the  iron. 

Beton;  concrete  of  hydraulic  cement,  with  broken  stone  and  bricks,  gravel.  Ac. 

Bevel;  tbe  slope  formed  by  trimming  away  a  sharp  edge,  as  of  a  board,  Ac.  Edges  of  common 
drawing  rulers  and  scales  are  usually  bevelled.    See  13.  p  613. 

Bevel  gear;  cog-wheels  with  teeth  so  formed  that  the  wheels  can  work  into  each  other  at  an  angle. 

Bilge;  the  nearly  flat  part  of  the  bottom  of  a  ship  on  each  side  of  tbe  keel.  Also,  the  swelled  part 
of  a  barrel,  Ac.  -To  bilge  is  to  spring  a  leak  in  tbe  bilge,  or  to  be  broken  there. 

Bitte;  tbe  small  boring  points  used  with  a  brace. 

Btaet-pipe* ;  in  a  locomotive ;  those  through  which  the  waste  steam  passes  ttom  the  cylinder  late 
the  smoke-pipe,  and  thus  creates  an  artificial  draft  in  the  chimney,  or  smoke-pipe. 

Boaeting ;  dressing  stone  with  a  broad  chisel  called  a  boaster,  and  mallet.  The  boaster  gives  a 
smoother  surface  after  the  use  of  the  point,  or  tbe  narrow  chisel  called  a  tool. 

Bodg  ;  the  thickness  of  a  lubricant  or  other  liquid.  Also,  the  meaeure  of  that  thickness,  expressed 
In  the  number  of  seconds  in  which  a  given  quantity  of  the  oU,  at  a  given  temperatare,  flow*  throogb 
a  given  aperture.  * 

67  T 
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BoUter;  %  timber,  or  a  thick  iron  plate,  placed  between  the  eod  of  a  bridge  and  its  leat  on  ih« 
abutmeut. 

Bond ;  the  disposing  of  the  blocks  of  ^tone  or  brickwork  so  as  to  fbim  the  whole  into  a  firm  Ktroe- 
ture,  by  a  Judicious  overlapping  of  each  other,  so  as  to  break  joint.  Applies  also  to  timber,  &c,  in 
various  wajs. 

Bonnet ;  a  cap  orer  the  end  of  a  pipe,  fto.  A  cast*ln>n  plate  boiled  down  as  •  covering  over  an 
aperture. 

Bort :  Inner  diameter  of  a  hollov  cylinder. 

Borrow-pU  ;  a  pit  dug  in  order  to  obtain  material  for  an  embankment. 

Bot* :  an  increase  of  the  diameter  at  anj  part  of  a  shaft  for  anj  purpose.  A  projection  In  shape 
of  a  segment  of  a  sphere,  or  somewhat  so,  whether  for  use  or  for  ofnumeut;  often  carved,  or  onat. 

Box-drain;  a  square  or  recuugular  drain  of  masoorj  or  timber,  under  a  railroad,  Ac. 

Brace;  a  kind  of  curved  handle  used  for  boring  holes  with  bitu.  The  head  of  the  brace  remains 
statiouarjr,  beiug  pressed  against  by  the  body  of  the  person  using  it,  while  the  other  part  with  Ate 
bitt  is  turued  round  by  his  hand.    Also,  an  inclined  beam,  bar,  or  strut,  for  susuining  compression. 

Bracket;  a  projecting  piece  of  board,  Ac,  frequently  triangular,  the  vertical  leg  aUnrbed  to  the 
face  of  a  wall,  aud  the  horizontal  one  supporting  a  shelf,  Ac.  Often  made  in  ornamental  shapes  for 
sup|>nriing  busts,  clocks,  Ac.  Also,  the  supports  for  shafting :  as  pendent,  wall,  and  pedestal  brackets. 

Brake;  an  arrangement  for  preventing  or  diminishing  motion  by  means  of  friction.  The  frieiion 
Is  ususlly  applied  at  the  circumference  of  a  revolving  wheel,  by  means  of  levers.  On  railroads,  the 
ear-brakes  should  be  worked  by  steam,  as  those  of  Longhridge,  Westinghouse,  and  Creamer.  Also^ 
such  a  handle  as  that  of  a  common  pump. 

Braee  is  composed  of  copper  and  zinc 

Bra*tet ;  fittings  of  brass  in  many  plnmmer-blocks,  and  In  other  poidtions,  for  diminishing  the 
friction  of  revolving  journals  which  rest  upon  them. 

Braxe;  to  unite  piecps  of  trno.  copper,  or  brass,  by  mesns  of  a  hard  solder,  called  spelter  soldtf, 
and  composed,  like  brass,  of  copper  and  ciuc,  but  in  other  proportionn. 

Break  joint;  to  so  overlap  pieces  that  the  joinU  shall  not  ooonr  at  the  same  plaoe,  and  tbna  pro- 
duce a  bad  bond. 

Breaat-Bummer :  a  beam  of  wood,  iron,  or  stone,  supporting  a  wall  over  a  door  or  other  opening; 
a  kind  of  lintel. 

Breaatwall ;  one  bnilt  to  prevent  the  fsllinjr  of  a  xi  rtioal  face  cut  into  the  natural  soil ;  In  dia- 
tinction  to  a  retaining-wall  or  revetment,  wbic^  is  built  lo  sustain  earth  deposited  behind  It. 

Breech ;  the  hind  part  of  a  cannon.  Ac. 

Bridge,  or  bridge-piece,  or  bridge  bar;  a  narrow  strip  placed  across  an  opening,  for  supporting 
aomething  without  closing  too  much  of  the  opening. 

Bronne  is  composed  of  copper  and  tin. 

BtiUthead ;  on  ships,  Ac,  the  timber  partitions  across  them.  Also,  •  long  face  of  wharf  paralla 
to  the  stream. 

Buo^;  a  floating  bodv,  fkstened  by  a  chain  nr  rope  to  soma  sunk  body,  as  a  guide  fbr  Onding  the 
latter.    Sometimes  also'  used  to  indicate  channels,  shoals,  rocks,  Ao. 

B%imith ;  fo  polish  bv  rubbing ;  chiefly  spplles  to  metals. 

Bwh;  to  line  a  circular  hole  bv  a  ring  of  metal,  to  prevent  Ibe  bole  from  wearing  larger.  Also, 
when  a  piece  is  cut  out,  and  nnotfier  piece  neatly  inverted  into  the  cavity,  the  last  piece  is  sometimes 
■aid  to  be  bushed  in  J  sometimes  it  is  called  a  plug.  ^      ,      .v        -.v     *         i       i 

Butt-ioint;  one  in  which  the  ends  of  the  two  pieces  abut  together  without  ovartapping.  and  are 
joined  by  one  or  more  separata  pieces  caUed  covera  or  wells,  which  reach  across  the  joint  and  are 
fastened  to  both  pieces. 

Bnttreu;  a   vartioal   prqjectlng    pjece  of  brickwork  or  maaonry,  bnilt  in  f^nt  of  •  wsli  la 

*^a»(«S«;  a  Urge  wooden  box  wHh  sidos  that  nmj  be  detached  and  floated  away. 

C'iWfter;  the  inner  diameter,  or  bore.  .  ,     ,»    j, 

Onlipert ;  compasses  or  dividers  with  curved  legs,  for  measuring  outside  and  inside  diameters. 

Calk,  or  eattUt:  to  fill  seams  or  joints  with  .wmetbiiig  to  prevent  leaking. 

CoifciMi;  iron,  a  tool  for  forcing  calking  into  a  joint.         ,.  ,  ,         .  .  . 

CtaMfr,  ur  caiM,  or  viper:  a  piece  fixed  upon  a  revolving  shaft  In  s"ch  a  manner  as  to  produce  an 
alternating  or  reciprocating  motion  in  something  in  conuict  with  the  cam.     An  eooeutrlc. 

Camhm- ;  a  alight  upward  curve  given  to  a  beam  or  truss,  to  allow  for  settling.  ^       ^  ^ 

Oamel;  a  kind  of  barges  or  hoUow  floating  vessels,  which,  when  filled  with  wster.  are  fastened  te 
the  sides  of  a  ship ;  and  the  wster  being  then  pumped  out,  they  rise  by  their  buoyancy ;  and  lift  the 
ship  so  that  she  can  float  in  shallower  water. 

Cbnrtterers;  prqIectinK  pieces  for  supporting  an  upper  balcony.  Ac.         .      »        ^    ,     . 

Cant$.  rime,  or  ahroudinge;  the  pieces  forming  the  ends  of  the  buckets  of  water- wheels,  to  prevent 
the  water  from  spilling  endwise.  ....  .w    v     ^    •     u.  v  i. 

Capstan;  a  long  hollow  rope-dmm  surrounding  a  strong  vertical  pivot,  upon  the  head  of  wbieblt 
rests,  and  around  which  it  turns.  lu  top  is  a  thick  projecting  circular  piece,  having  holes  around  its 
outpr  edge  or  circumference,  for  the  Insertion  of  the  ends  of  levers ;  or  capstan-bars.  It  is  a  kind  of 
vertical  windlass.  ,   ,.    ^     .#      ...     ,.ii    ,         . . 

Gate-harden;  to  convert  the  outer  surface  of  wrought  iron  into  steel,  by  beating  It  while  in  contact 
with  charcoal.  .       ^.  ^  »     ^ 

Caeemate ;  In  fortification ;  the  small  apartment  in  which  a  cannon  stands. 

Cattore;  rollers  nsnally  combined  with  swivels;  as  those  used  under  heavy  furniture,  Ao. 

Caueetean ;  a  raised  footway  or  roadway.  ... 

Cavetto;  a  moulding  consisting  of  a  receding  quadrant  of  a  circle. 

Cbmentation:  the  process  of  converting  wrought  iron  into  steel,  by  beating  It  In  eontaet  with  ehar- 
ooal.  This  process  produces  blisters  on  the  steel  bars;  hence  bUeter  steel.  These  are  removed,  and 
the  steel  compacted,  by  reheating  it,  and  then  suh}ecting  it  to  a  tilt-hammer.  Ids  then  titted  steel, 
or  ehear  steel.  Or  If  the  blister  steel  is  broken  up :  reuielted ;  and  then  run  into  ingou  or  blocks :  it 
is  called  eaet,  or  ingot  eteel;  which  is  harder  and  closer-grained  than  tilted  steel.  It  may  be  softened, 
and  thus  become  less  brittle,  by  annealing.  The  ingoU  may  be  converted  into  bars  by  either  raUing 
or  hammering,  the  same  as  shear  and  blister. 

Center;  the  supports  of  an  arch  while  being  built. 

Center  ofgravitn.    See  p.  847,  Ao. 

CSsMler  of  gyration.    See  Radius  of  Gyration  p  440. 
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(Mnter  of  oteOatton,  or  0f9ihtmtton.    8m  Rem  3,  of  Peodalumi,  p  M&.  ^  .    _^  ^ 

Oanter  of  p^reuttttn,  ta  •  morlag  b-xlj,  ii  that  petot  which  would  Mrike  mi  opoMlDg  bodj  with 
fTMtw  foroe  th«o  *ay  other  polat  would.  If  the  oppoatng  bodj  U  ImmoTahle  It  win  receive  MOm 
tortjo  of  a  rigid  mAriog  body  whioh  atrikea  with  its  oeuter  of  perouMfcm.    See  Peudolum,  page  Uft. 

CeMpoot;  a  challow  well  (br  r«ed ring  wMte  water,  Blth.  fte. 

Cham/er  ;  memas  mooh  the  Mime  u  berel ;  bat  •npliee  more  eepeoiall j  when  two  edgea  are  cot  awaj 
M  ae  to  form  efther  a  ebaai(br>groove.  (see  14.  p  618,  of  Trasses.)  or  a  projecting  sharp  edge. 

Oheoka:  two  flat  parallel  pteees  oonBnlng  MHiieihing  between  tnem.  See  w,  at  15.  of  Figs  tl^,  of 
Trasites,  p  563. 

ChitUtt^.  ehOt-kardentHt,  or  ehtU-emattng ;  glrlng  groat  hardness  to  the  outside  of  east-Iron,  b» 
pouring  it  into  a  mould  made  of  iron  instead  of  wood.  The  iron  mould  cauws  the  outside  or  skin  of 
the  casting  to  eool  verj  rapidly ;  and  this  for  some  unknown  reason  inereaaea  Iti  hardneaa.  This  pr» 
•eis  is  frequently  confounded  with  case-hardening. 

Chock ;  any  piece  used  for  filling  up  a  ehanoe  hole,  or  raoaner. 

Gkuek;  the  arranitemeot  attached  to  the  rerolring  shaft,  arbor,  or  mandril  of  a  lathe,  for  holding 
the  thing  to  be  turaed. 

Chttrn-drW:  a  long  iron  bar.  with  a  entting  end  of  steel :  much  used  in  quarrying,  and  worked  by 
raising  it  and  letting  it  fall     When  worked  by  Mows  of  a  hammer  or  slodge  it  Is  called  a  Jumper. 

Ciasa,  or  e^ma ;  a  moulding  nearly  in  shape  of  an  S.  When  the  unwr  part  is  ooueaTOt  it  is  eailad 
a  oima  recu ;  when  oonvex,  a  oima  reversa.    See  page  131. 

Clack  votre.    8«e  Valves. 

Clamp ;  a  piece  fhsteued  by  tongue  and  groove,  transrertely  atoog  the  end  of  others,  to  keep  (hem 
from  warplug.  A  kind  of  open  collar,  which,  being  closed  by  a  elamp-sorew,  holds  tight  what  it  sur- 
rounds.   See  Cramp. 

Clap  boardt;  short  thin  boards,  shingle-shaped,  and  used  instead  of  shingles. 

Claw ,  a  split  provided  at  the  end  of  an  iron  bar,  or  of  a  hammer,  fte,  to  tske  held  of  the  heads  of 
nails  or  spikes  for  drawing  them  out ;  as  in  a  common  oliiw-hammer. 

CUat :  a  piece  merely  bolted  to  another  to  serve  as  a  support  for  something  4lse ;  as  at  7,  R,  10^ 
&e,  p.  613.  of  Trusses.  un<m  used  on  shipboard  for  fastening  ro|>es  to,  as  at  U.  Also  a  piece  of 
board  nailed  arroos  two  or  more  other  boards,  for  holding  them  together,  ss  is  often  done  in  tempo- 
larr  doors,  ttc. 

Cfevi*,    See  Shackle, 

OUek.    See  Ratchet. 

aip :  a  fastening  like  that  on  the  tops  of  the  ys  of  a  spirit  level ;  t>etng  a  kind  of  half  collar  opening 
by  a  hinge. 

Clittek ;  applied  to  Tarioos  arrangements  at  the  ends  of  separate  shafts,  and  whieh  by  elntoblng  or 
eatching  into  each  other  cause  both  shafts  to  revolve  together.    A  kind  of  ooupling. 

Cock:  a  kind  of  valve  for  the  discharge  of  liquids,  air.  nteam,  ko. 

OoeMeiontf  or  a  Cbnstanl  of  frietiott,  safety,  or  strength,  Ac.  may  usually  be  taken  to  be  a  num- 
ber whioh  sbowa  the  proportion  (or  rather  the  raUo)  which  friotion,  safety,  tensile  strength,  Ac,  bear 
to  a  certain  something  dae  which  la  not  generally  ezpresaed  at  the  time,  but  Is  well  understood.  Thus, 
when  we  say  that  the  ooeff  of  friction  of  one  body  upon  another  is  -^,  Ac.  It  is  understood  that  the 
friction  U  In  the  proportion  of  -^th  of  the  pressure  whioh  prodnoes  it.  A  oneff  of  safety  of  8,  meant 
that  the  safety  has  a  proportion  or  ratio  of  3  to  1  to  the  th«nretictU  hrenkiHg  toad.  A  coeff  of  600  ttM, 
or  of  20  tons,  to,  of  tensile  strength  of  any  material,  denotes  thnt  said  strength  is  In  the  proportion 
of  500  lbs.  or  of  '2l6  tons.  Ac,  to  each  $quare  inch  of  (ranso«rse  $ection.  Ac.    Same  as  Mod%Uu: 

Coffer  dam  ;  an  enclosure  built  in  the  water,  and  then  pumped  dry,  so  as  to  permit  masonry  or 
Other  work  to  be  carried  on  Inside  of  it. 

Cog;  the  tooth  of  a  oog-wheel. 

OoUar;  a  flat  ring  surrounding  anything  closely. 

OoUar-beam;  a  horiiontal  timber  stretching  from  one  to  another  of  two  rafters  which  meet  ar.  top; 
but  above  the  main  tie-beam.    See  21 .  p  618. 

Concrete;  artiflclal  stone  formed  by  mixing  broken  stone,  gravel.  Ac.  with  common  lime.  When 
hydraulic  cement  is  used  instead  of  Hme.  the  mixture  is  called  beton.  The  terms  "  lime  ooncrete  ' 
and  *'  cement  ooncrete  "  would  he  eonvenlpnt. 

Connecting 'rod ;  a  piece  which  connects  a  crank  with  something  which  moves  H,  or  to  which  it 
gives  motion. 

OoneoU;  a  kind  of  ornamental  bracket,  somewhat  In  shape  of  an  S;  much  used  In  eornlees.  Ao, 
for  supporting  ornamental  mouldings  above  It. 

Coping ;  flat  plates  of  stone,  iron.  Ac,  placed  on  the  tops  of  .walls  exposed  to  the  weather. 

OorhA :  a  horizontal  projecting  piece  which  assists  In  supporting  one  resting  upon  It  which  proie0t« 
sttil  farther. 

Core;  anything  serving  as  a  mould  for  anything  else  to  be  formed  around.  A  term  much  naed  In 
fonndries. 

Cornice:  the  ornamental  projection  at  the  eaves  of  a  building,  or  at  the  top  of  a  pier,  or  of  any  other 
structure. 

Cotter-bolt,  or  key-bolt;  a  bolt  which,  instead  of  a  screw  and  nut  at  one  end,  has  a  slot  out  through 
it  near  that  end,  fur  the  insertion  of  a  wedgenbaped  key  or  cotter,  for  keeping  it  in  its  place.  Socie- 
times  the  ends  of  these  keys  are  split,  so  a»  to  spread  open  after  being  inserted,  so  as  not  to  be  jolted 
out  of  place. 

Counterfort;  vertical  projections  of  masonry  or  brickwork  bnilt  at  intervals  along  the  back  of  a  wall 
to  strengthen  It ;  and  geueraliy  of  very  little  ttse. 
Counter- ehaft ;  a  secondary  shaft  or  axle  which  receives  motion  from  the  prindpal  one. 
Countereunk.    See  Beam. 

Counter-weight ;  or  cuuuier-balance ;  any  weight  used  to  balance  another. 

CoupUuge;  a  term  of  very  general  application  to  arrangemenu  for  connecting  two  shafts  so  that 
(bey  shall  revolve  together. 
Cover f  see  "  butt-joint." 

Cover;  in  re-roiling  iron  and  fteel  from  piles  of  small  pieces,  a  large  bar  or  slab,  oalled  a  cover,  of 
the  same  width  and  length  as  the  pile,  is  employed  to  form  the  bottom  of  the  pile,  and  a  similar  slab 
for  the  top.  The  covers  serve  to  bold  the  pile  together:  and,  after  rolling,  they  form  unbroken  top 
and  bottom  surfaces  of  the  finished  plate,  bar,  rail,  I  beam,  Ac 
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Crmh  ;  a  •b'irt  nhaft  or  •zle.  whieh  « 

fej  eM-wka«U,.»  wimh,  ©r  by  l«»«r«  «  

vinilaM,  or  oapatM.  of  wkieh  it  is  •  vari«w.~  K  mj  be  eit^  ^itniieKl  or  borizwotal.     It  ia  oam 
Ntia«rnuBe,tobcemrrtodrreniplaeetA|i&«c    Al«o  tke  wAole  mmcAum  v  eaUc4  a  «nk. 

OrmiU;  applied  to  rariou  kiixU  of  timber  sapport*,  wbiefc  parUj  caelow  tke  Ban  rastateed. 

(VoMiP  ;  a  cbort  bar  of  BMta^  baviag  iu  two  mmda  beat  davavwd  at  ngbi  angles  C»r  ioaenkMi  faito 
tww  a4|oinins  piece«  of  ctone,  wood,  Ac,  to  boJd  them  together.  Maeh  ooed  at  the  cads  of  nriiiag  ttnnw 
AUo  a  aiadlar  bent  piece,  with  a  wt-serew  paariitg  through  one  of  Iha  beat  oada.  tor  holdiag  tfc*i»B« 
tight  betweni  it  and  the  other  end.    This  last  is  alto  called  a  claap. 

CrtUM;  a  hoisting  Baehine  consisting  of  a  revolring  vertical  po^or  sCatt.-  h  prqfcctingjf&  ;  and 
a  «ta|r  for  sustaining  the  outer  end  of  the  Jib.  The  staj  maj  be  either  a  sintt  or  a  tie.  There  arc 
also  cogwheeU,  a  rope  drum  or  barrel  with  a  winch,  ropes,  pnllejs.  Ac  U  a  crane  the  post,  jib, 
and  SUT  do  not  change  their  relative  positions,  as  th^  do  in  a  derrick. 

Crank;  a  doable  bend  at  right  angles,  somewhat  like  a  Z.  at  the  end  of  a  shaft  or  axle,  and  forming 


a  kind  of  handle  by  which  the  axle  maj  be  made  to  revolve,    doaaetlmes.  as  in  common  griadstoucs. 
.Li.  .       ..1    .         ^  "a  separate  piece  removable  at  pleasure.    That  part  of  this  piece  whieh  1 

'  StUng  it  to  the  square  end  of  the  axle,  is  called  the  eranJk-«rm/ aad  the 

part  the  ermibAaiMae.    A  6e0-craii*consisU  of  4  bends  at  r^t  angles  at  the  center  of  a»  axle,  form- 


ing la  U  a  klad  «r  U.  A  cloiiMeermA  consists  or  two  bdl  cranks  arranged  thus,  u  A.  The  bend  ia 
the  U  forms  the  erimk-tprfst.  The  term  bell-erank  Is  applied  ahm  to  those  naed  in  ftxing  common  dwdl- 
tag  boose  bdls:  and  to  larger  ones  on  the  same  principle.  A  cranA^pm  is  a  pin  pn^ecting  from  a  re- 
▼oTving  whssi,  disk,  or  other  body,  and  serving  as  a  crank-handle.  A  eroMik-sha/k  is  a  shaft  whi^ 
has  a  crank  in  It.  or  at  its  end.  A  ermnked  shaft  has  it  in  it  only.  A  ship  or  other  veaael  Is  said  to 
be  crank  when  its  breadth  is  so  small  in  proportion  to  iu  depth  as  to  make  it  liable  to  npael  easily ;  <«> 
when  the  same  liabiUty  Is  caused  by  want  of  suffldent  ballast. 

Orut ;  that  top  part  of  a  dsm  over  which  the  water  pours. 

Cro0$'eu$  sow  ;  a  large  borisontal  saw  worked  by  two  men,  one  at  each  end. 

Crot0-IU4td  :  a  piece  attached  across  the  end  (or  near  it)  of  another  piece,  and  at  right  angles  to  It, 
•o  as  to  form  a  kind  of  T  or  cross.  Often  seen  on  piston  rods,  whieh  they  serve  to  kcq|»  in  place  by 
resting  on  the  slides,  or  guides. 

Crowhttf  ;  a  bar  of  iron  used  as  a  lever  for  various  porpoMs ;  often  pointed  at  one  end. 

Crown,  or  eontraU  wheel ;  a  eeg- wheel  in  which  the  teeth  stand  not  upon  its  outer  drcomfoieaoc  as 
wmal,  but  upon  the  plane  of  iu  cirele.  ...       * 

Cnrh  ;  a  broad  flat  circular  ring  of  wood.  iron,  or  stooe.  placed  under  the  bottoms  of  eircnlar  walls, 
M  In  a  well,  or  shaft,  to  prevent  unequal  settlement;  or  built  into  the  walls  at  iatenrala.  for  the  same 
purpose.    Has  many  other  meanings. 

Cut-og;  an  arraogemetat  for  cutting  off  the  steam  from  a  cylinder  before  the  piston  has  made  iU 
fhll  stroke.    Also  a  channel  out  through  a  narrow  neck  of  laad.  to  straigbien  the  oeurse  of  a  river. 

CwtwaUr.  or  starling ;  the  projecting  ends  of  a  bridge  pier,  Ac,  usually  so  shaped  as  to  allow  water, 
lee.  Ac,  to  strike  them  with  but  Hule  iujory. 

Deeper ;  a  door  or  valve  to  regulate  the  admission  of  air  to  a  fomace,  stove,  Ac. 

Dead  load;  the  cars,  engine.  Ac,  In  a  train ;  non-p«jing  lo«d.   _.  ,  .  ^  ^       

Bead-lead;  in  a  bridge,  the  weight  of  the  bridge  itself,  with  flooring,  reef,  Ac;  as  distingnlshai 
from  the  Mos  load  of  passing  trains,  vehiolss,  pedestrians.  Ac  ,.         .  „  .     .  ,. 

Dead  telnt$  ;  those  two  polnis  in  the  revolution  of  a  crank,  where  the  ersnk  arm  Is  parallel  with 
the  rod  which  connects  It  with  the  moving  power  j  snd  at  which  said  rod  exerts  no  teadMicy  to  tnra 
the  crank. 

Declination,  of  the  sun,  or  of  a  star.  Is  Its  angle  north  or  south  of  the  earth's  equator  at  tlM  time 
«f  observation. 

Dsdfoiry;  a  downward  slope  or  deeoent  of  ground.  Ac.  ,._...       ,         _*  .v 

DontOe  ;  blocks  coostitnang  ornaments  in  a  cornice ;  placed  at  short  intervals  apart,  they  resemUa 
teeth.  When,  instead  of  mere  blocks,  they  are  handsomely  carved  in  varions  sbq^,  they  are  called 

Derrick';  a  kind  of  crane,  differing  from  common  ones,  chiefly  in  the  fhct that  the  rope  or  chain 
wMoh  forms  the  suy  mav  be  let  out  or  hauled  in  at  pleasure,  thus  raising  or  lowering  the  luclinaaon 
of  a  Jib ;  thereby  enabling  the  raiswi  load  to  bo  placed  vertically  at  the  required  spot.  This  cannot 
be  done  with  a  crane,  which,  therefore,  is  not  as  well  adapted  for  laying  heavy  masonry,  especiaUy 
at  great  heights. 

Diaphram ;  a  thin  plate  or  partition  placed  across  a  tube  or  other  hollow  body. 

Die ;  that  part  of  a  sUnip  that  gives  the  impression.  Dies  are  also  two  flat  plates  of  hardened  steel, 
an  an  edge  of  each  of  which  is  hollow&l  oot  a  semicircular  half  of  a  short  female  screw.    When  tbeae 

Elates  are  put  In  contact  they  form  a  complete  female  scre^,  like  that  In  a  not;  and  being  strongly 
eld  together  bf  »n  iron  boxing  nailed  the  die-stocks,  which  have  long  handles  for  revolving  them,  they 
oonntitute  a  mould  or  cotter  for  forminBr  threads  on  a  male  screw.     Al»o  the  main  body  of  a  pedestal. 
Dipt  In  geology,  either  the  angle  which  the  slope  of  a  stratum  forms  with  ahorixontal;  or  the 
direction  by  compass,  toward  which  It  slopes.    In  surveying,  the  inclination  at  which  an  onbalaneed 
eompass.needie  rests  on  its  pivot  after  being  magnetised. 
JNsk;  aflatoironlar  pieoe.  ......  ,    .,.  ,  ,      ^ 

i>oc*;  an  artiflctal  suolosure.  either  partial  or  total,  in  whieh  ships  and  other  vessels  are  plaoed 
for  being  loaded  or  unloaded,  or  repaired.    The  first  Is  a  wet  dock ;  the  last  a  dry  one. 

Doairon  i  a  short  bar  of  iron,  forming  a  kind  of  cramp,  with  iu  ends  bent  down  at  right  angles 
hnd  pointed,  so  as  to  bold  together  two  pieces  into  which  they  are  driven.  Often  used  for  temporary 
parposes.    U  i«  aJao  oalled  a  dof-lron  wbeo  only  one  end  ia  bent  down  and  pointed  for  driving,  Ae 
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•Omt  ead  betng  fonaMdlnto  an  ey«  or  a  handle  bj  which  the  piece  into  which  the  other  end  is  driven 
maj  be  hauled  or  towed  awajr. 

J^nkuif'tHgin*  ;  a  Mnall  steam  engine  attached  to  a  large  one,  and  fed  from  the  same  boiler.  It  is 
nsed  for  pamping  water  into  the  boiler. 

Double  crank.    Bee  Crank. 

IhnU/U  keif.    See  K.  of  Trusses ;  page  ns. 

Dovetail;  a  joint  like  M.  page  tfU ;    it  is  a  poiu*  one  for  timber  when  there  is  mn<A  strain, 

being  then  apt  to  draw  out  more  or  less. 

Dowel}  a  straigbt  plu  of  wood  or  metal,  inserted  part  way  into  each  of  two  faces  which  it  nnltes. 

Draft:  the  depth  to  which  a  floating  vessel  sinks  in  the  water;  iu  other  words  the  water  it  draws. 

Drm»§ht;  a  drawing.  A  narrow  luvel  stripe  which  a  stoneootter  first  cuts  around  the  edges  of  a 
rough  stone,  to  guide  him  in  dressing  oVthe  face  thus  enclosed  hj  the  draught. 

Draw-pkUe;  a  plate  of  verj  hard  steel,  pierced  with  small  oireular  holes  of  different  diameters, 
through  which  in  succession  rods  of  Iron  are  drawn,  and  thus  lengthened  out  into  wire.  Bometintw 
the  holes  are  drilled  through  diamond  or  rubjr,  Ac,  instead  of  steel. 

Drift;  a  horisontal  or  inclined  passage-way,  or  smaU  tunnel,  in  mines,  fto.  To  float  away  with  a 
onrrent.    Trees,  4c,  carried  along  by  freshets. 

Drip  ;  a  small  channel  cut  under  the  lower  projecting  edge  of  coping,  &c,  so  that  rain  when  It 
reaches  that  point  will  drip  or  fall  off,  instead  of  finding  iU  way  horixontally  beneath  to  the  waU, 
which  it  would  make  damp. 

Drop;  short  pieces  of  nearly  complete  flinders,  placed  ai  unall  distances  apart,  in  a  row  Ilk* 
teeth,  as  an  ornament  to  cornices,  fto. 

Drum;  a  revolving  cylinder  around  which  ropes  er  belts  eitiier  travel  or  are  wennd.  When  nar« 
row  and  used  with  belts  they  are  called  pulleys. 

Drif'TOt;  decay  in  such  portions  of  the  timber  of  honses.  bridges,  &o.  as  are  exposed  to  dampness, 
•specially  in  conOned  warm  situations.  The  timber  in  cellars  aud  basemeut  stories  is  mere  liable  t* 
it  than  in  other  parts,  owing  to  the  greater  dampness  absorbed  by  the  brickwork  frpm  the  grodnd. 
Contact  with  limn  or  mortar  hastens  drr  rot.  The  ends  of  girders,  joists,  fto,  resting  on  damp  walls, 
may  be  partially  protected  by  pl:icing  pieces  of  slute  or  sheet  iron  uuUcr  them.  The  painting  or  tar« 
cing  of  umaeaaoned  timber  expedites  internal  drr  rot.  A  thorough  soaking  of  timber  in  a  solution  of 
S8  grains  of  quicklime  to  1  gallon  of  water  is  said  to  be  a  preventive  of  dry-rot ;  but  the  best  proceca 
for  that  purpose  is  saturation  with  creosote  or  carbolic  acid. 

Dyke;  mounds  of  earth,  fto,  built  to  prevent  overflow  fhun  rivers  or  the  sea.  A  kind  of  geological 
irregularity  or  disturbance,  consisting  of  a  stratum  of  rock  injected  as  it  were  by  volcanic  action,  be- 
twcen  or  across  strata  of  rooks  of  another  kind.    A  levee. 

Rceentrie;  a  circular  plate  or  pulley,  surrounded  by  a  loose  ring,  and  attached  to  a  revolving 
shaft,  and  moving  around  with  it,  but  not  having  the  same  center ;  for  producing  an  alternate  motion. 
Often  used  instead  of  a  orank,  as  they  do  not  weaken  the  axle  by  requiring  it  to  be  bent.  There  aro 
many  modifloations. 

Jgacarpment ;  a  nearly  vertical  natural  face  of  rook  or  soiL 

Bicuteheon;  the  little  outside  movable  plate  that  protects  the  keyhole  of  a  lock  from  dust. 

Mge  ;  a  circular  hole  in  a  flat  bar,  fto,  for  receiving  a  [tin,  or  for  other  purposes. 

Bge  and  etrap;  a  binge  common  for  outside  shutters,  ftc,  one  part  consisting  of  an  iron  strap  one 
end  of  which  is  forged  into  a  pin  at  right  angles  to  it;  and  the  other  part,  of  a  spike  with  an  eye, 
through  which  the  pin  passes.  When  the  eye  is  on  the  strup,  and  the  pin  on  the  spike,  it  is  called  a 
hook  and  strap.    Such  hinges  are  sometimed  called  "  backflaps." 

Bge-boU;  a  bolt  which  has  an  eye  at  ono  end. 

Faee-weM;  one  built  to  susuin  a  face  out  into  natural  earth,  in  distinction  to  a  retaining- wall, 
which  supports  earth  deposited  behind  it. 

FiM;  the  rope  used  with  pulleys  In  hoisting. 

Fahe-tuorkt :  the  soaffold,  center,  or  other  temporary  supports  for  a  structure  while  It  is  being 
built.  In  very  swift  streams  it  is  sometimes  necessary  to  sink  cribs  filled  with  stone,  as  abase  for 
false- works  to  foot  upon. 

JtoseifMs;  bundle*  of  twigs  and  small  branches,  for  forming  foundations  on  soft  ground. 

Fatigue:  of  materials;  the  increase  of  weakness  produced  by  frequent  bending;  or  by  sustaining 
beavy  loads  for  a  long  time. 

Faucet;  a  short  tube  for  emptying  liquids  from  a  cask,  fto;  the  flow  is  stopped  by  a  spigot.  The 
wider  end  of  a  common  oast-iron  water  or  gas  pipe. 

Feather;  a  slightly  projecting  narrow  rib  lengthwise  of  a  shaft,  and  which,  catching  into  a  corre- 
sponding groove  in  aujrthing  that  surrounds  and  slides  along  the  shaft,  will  hold  it  fast  at  any  required 
part  of  the  length  of  the  feather.    Ha^  other  applications. 

Fe«aker-edge ;  when  one  edge  of  a  board,  fto,  is  thinner  than  the  other. 

Felloe,  orfeUj/;  the  circular  rim  of  a  wheel,  into  which  the  outer  ends  of  the  spokes  fit;  and  which 
fs  often  surrounded  by  a  tire. 

Felt;  a  Und  of  coarse  fabric  or  cloth  made  of  fibres  of  hair,  wool,  coarse  paper,  ftc,  by  pressure, 
and  not  by  weaving. 

Fenditr;  a  piece  for  protecting  one  thing  from  being  broken  or  injured  by  blows  from  another: 
frequently  vertical  timbers  along  the  outer  fisoes  of  wharves,  to  prevent  injury  from  the  rubbing  of 
vessels. 

Fender-pUee :  piles  driven  to  ward  off  aooidental  floating  bodies. 

Ferrule ;  a  broad  metallic  ring  or  thimble  put  around  anything  to  keep  It  ftx>m  splitting  or  breaking. 
A  small  sleeve. 

Fillet;  a  plain  narrow  flat  moulding  in  a  cornice,  ftc.    See  Platband. 

Fieh;  to  join  two  beams,  ftc.  by  fastening  other  long  pieces  to  their  sides. 

Flage;  broad  flat  stones  for  paring. 


Flange;  a  projecting  ledge  or  rim. 

Flaekimge;  broad  smps  of  sheet  lead,  oopper,  tin,  fto,  with  one  edge  Inserted  Into  the  joints  of 
brickwork  or  masonry  an  Inch  or  two  above  a  roof,  ftc ;  and  projecting  out  several  Inches,  so  as  to  be 
flattened  down  close  to  the  roof,  to  prevent  rain  from  leaking  through  the  joint  between  the  roof  and 
the  brick  chimney^  fte,  which  projects  above  it. 

FUukej  upper  and  lower;  the  two  parts  of  the  box  which  contains  the  mould  into  which  melted 
Iron  Is  poured  fir  eaitings. 

FlatUng ;  causing  painting  to  have  a  dead  or  dull,  instead  of  a  glossy  finish,  by  using  turpentine 
Instend  of  ell  in  the  last  coat. 


FUert :  a  straight  flighuof  ntepn  in  a  sulrway. 

Floodgate  ;  a  gate  to  let  off  excess  of  water  in  fioods,  or  at  other  times. 
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FlMm9 ;  a  dlleh,  trough,  or  other  oImuiimI  of  ■od««t«  ■!■•  tor  oondoetiDg  valar.  Tbm  ditolMB  ot 
oul  verts  through  which  nurplna  water  puitei  rron  an  upper  to  a  lower  reach  of  a  eanal. 

Flush  ;  rormiag  an  even  continuous  line  mr  lurfaoe.  To  olean  oat  a  Uae  of  pipea,  acwars,  gntters. 
k»,  bj  tettlug  on  a  sudden  rush  of  water.    Tlie  splitting  of  the  edges  of  stones  under  preesnre. 

Pluxca;  various  substances  used  to  prevent  the  instantaneous  formation  of  rust  when  welding  two 
pieces  of  hot  metal  together.  Such  ru«t  wouM  cause  a  weak  weld.  Itorax  ii  used  for  wrought  iron ; 
a  mixture  of  borax  and  sal  amaiouiao  for  steel;  chloride  of  siuo  for  zinc ;  sal  anmonlae  for  copper 
or  brass ;  tallow  or  resin  for  lead. 

Fl]f-V)he*l;  a  heavj  revolving  wheel  for  equalising  the  motion  ormacbinerj. 

Foaming;  an  undue  amount  of  boiling,  caused  bj  grease  or  dirt  iu  u  boiler. 

Follower;  any  oog'Wheel  that  is  driven  b;  another;  that  other  is  the  Umder.      See  also  p  M5. 

Foreept}  anj  tools  for  holding  things,  as  by  pincers,  or  pliers. 

^oreiejr,  or  psnsloei;  the  reservoir  from  which  the  water  passes  immediately  to  » -water- wbeeL 

F»rgt}  to  work  wrought  iron  into  shape  by  flrst  aoAeniag  it  by  heat,  and  tiien  hammerlBg  it  inte 
the  required  form. 

Forge-kamm»r;  a  beavr  hammer  for  forging  large  pieces ;  and  worked  by  maohlnery. 

Foxtail;  a  thin  wedge  Inserted  into  a  slit  at  the  lower  end  of  a  pin,  so  that  as  the  pin  is  driven 
down,  the  wedge  enters  it  and  causes  It  to  swell,  and  hold  more  firmly. 

Fram*;  to  put  together  pieces  of  timber  or  metat  so  as  to  form  a  truss,  door,  or  other  etrnctnre. 
The  thing  so  fhimed. 

/WcMsw'reUert/  hard  eylinders  placed  under  a  body,  thai  ii  may  be  mored-  mere  readily  than  by 
sliding. 

#V(e(feis-«rikesle;  wheels  se  plaoed  that  the  Joomals  of  a  shaft  may  rest  upon  their  rims,  and  thus 
be  enabled  to  revolve  whh  diminlabed  friction.    See  page  S74  e. 

FVteze;  in  arohiteciure,  the  portioB  liet  weea  the  eawMtraye  and  eomloe.  The  term  is  often  applied 
when  there  is  no  architrave. 

Fulotum;  the  point  about  which  a  lever  inms. 

Fm.rriHif9  }  pieoes  placed  upon  others  which  are  too  low,  merely  to  bring  their  upper  i^ii^hme  mp  «• 
a  required  level ;  as  is  often  done  with  Joliita,  when  one  or  more  are  too  low :  a  kind  of  ekook. 

FuM€,  or /Wse ;  to  melt.  A  slow  mutch,  wliicb,  by  burning  for  some  time  before  the  fire  reaches  the 
powder,  gives  the  men  engaged  in  blasting  time  to  get  out  of  the  way  or  flying  fragments  of  ator  e. 

Oa$ket:  rope-yarn  or  hemp,  used  fur  stuffing  at  the  joiuu  of  water- pi  pes,  Ac. 

Glaring,'  a  train  of  cog-wheels.    Now  much  supplanted  by  belts. 

Gib:  the  piece  of  metal  somewhat  of  ttla  shape,  t— ^,  often  nsed  in  the  same  bole  with  n  wedge> 
shaped  key  for  eooflning  pieces  together.  In  common  use  for  fasteuing  tbe  strap  to  the  stub-eud  of 
the  eonnectiiig-rod  of  an  engine. 

Gin;  a  revolving  vertical  axis,  usually  fiimlsbed  with  a  rope-drum,  and  hsving  Mae  or  more  long 
arms  or  levers,  by  means  of  which  it  is  worked  by  horses  walking  in  a  circle  around  it.  Used  twr 
hoisting.    CottOD-gia,  a  machine  for  separating  cotton  from  its  seeds. 

Girder;  a  beam  larger  than  a  common  Joist,  and  used  for  a  similar  purpose. 

Glaeia;  In  forttfloation,  an  easy  slope  of  earth. 

Gland.  See  Stuffing-box.     Also,  a  kind  of  coupling  for  shafts. 

Glue ;  a  cement  for  wood,  prepared  chiefly  from  the  gelatine  fbrnlshed  by  boiling  the  pnrings  of 
bides.    Good  glue  will  hold  two  pieces  of  wood  together  with  a  force  of  from  400  to  760  fts  per  sq  in. 

Go»€rH«r;  two  balls  so  attached  to  an  upright  revolving  axis  as  to  fly  outward  by  their  eentrinigal 
force,  and  thus  regulate  a  valve. 

Grupnel;  a  kind  of  compound  book  with  several  curved  poiota,  for  finding  things  in  deep  water. 

€hittag« ;  a  kind  of  network  of  timbers  laid  crossing  each  other  at  right  augles;  frequently  placed 
on  the  heads  of  piles,  for  supporting  piers  of  bridges,  and  other  masonry.    See  p  641. 

Groin ;  an  arch  formed  by  two  segmeutsi  arches  or  vanlta  iutersectlug  esch  other  at  right  angles. 
Also,  a  kind  of  pier  built  from  the  shore  outward,  to  intercept  shingle  or  gravel. 

Groove;  a  small  channel.  A  triangular  one  is  called  • 

ebamfered  groove. 

Grottnd-$wM ;  waves  which  continue  after  a  storm  has  eeased ;  or  eaased  by  storms  at  a  dlsUnee. 

Cfrout :  thin  luortar.  to  be  poured  into  the  luterstlces  between  stones  or  bricks. 

Gudgeon* ;  the  metal  Journals  of  a  horizontal  shaft,  such  ai  that  of  a  water-wheel.  For  moderate 
speeds  ^ 

Diam,  ins     }  __  y  WTeight  in  lbs  on  one  guugeun 
If  of  oast-iron  >  10 

For  wrought-iron,  add  one-twentieth. 

Gun-metal,  or  bronze :  a  compound  of  copper  and  tin,  sometimes  used  tar  cannon.  Also,  a  quality 
of  east  iron  flt  for  the  same  purpose. 

ces  of  plate  iron,  riveted  by  their  vertical  and  horizontal  legx  tn  tbe 

girders,  tubular  bridges.  Ac.  inside,  for  strengthening  their  augles. 

0  prevent  anything  from  swinging  or  moving  alwut. 

Bedtral  axis,  or  point. 

iro  timbers  which  cross  each  other,  se  deeply  that  the  Joint  thickness 

>le  timber. 

race  of  a  stone  bv  slight  Mows  of  a  hammer  wiih  a  cutting  edge.  The 

es  has  several  siwh  edges  placed  parallel  to  each  other,  each  of  which 

t  pleasure. 

lever  to  be  worked  by  hand  Instead  of  by  steam. 

»r  working  a  capstan  or  windlass :  or  other  purposes. 

tstead  of  a  spanner,  wrench,  wineh,  or  lever  of  ator  kind,  for  screwing 

for  steer!  n«  with  a  rudder,  kc 

I ;  fixtures  prqfceting  below  a  oeltifig,  to  support  the  Journals  of  long 

•  pnrpow.    Should  be  "  seir-a4Justlng." 

an  openlog  for  folding  it  over  a  staple. 

ling  or  doorwav  in  a  floor,  or  In  the  deck  of  a  reesel. 

fob  from  the  keystone  to  the  skewback. 

h  a  pillow- block  resta. 

hlenstthwlse  at  right  angfsa  to  the  fSee  of  the  maswiry. 

nsll  drirtwav  nr  passage  excavated  In  adrauee  if  tbe  mala  body  of  the 

for  rnoilitntiog  the  work. 

veriieod^    Fmgrws^. 

lok  gste  turns  on  its  pivot. 
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Hing»  ;  (hoae  commonlj  used  on  the  doors  of  dwolUng*  arc  called  botta.  or  batt  htogM.  (ICye  aad 
Strap,  .)    Riaing  Mnge$  are  iuch  as  cause  the  door  to  riae  a  Uitle  as  U  la  opened,  and  thaa  cause 

the  door  to  abut  itself. 

Iftp  roof,  or  hipped  roof;  one  that  slopes  four  wa,y8 ;  thus  forining  angles  called  bipa. 

Hoarding;  a  temporar/  close  fence  of  boards,  placed  around  »  work  in  progress,  to  exolode 
atragglers. 

Holding-platet,  or  anckora  ;  strong  broad  plates  of  iron  sunk  into  the  ground,  and  generally  sur- 
rounded by  masourjr ;  for  resistiug  the  pull  of  the  cables  of  suspension  bridges ;  and  for  other  simi- 
lar purposes. 

Hook  and  •trap.    See  Sye  and  strap.  • 

Hones;  the  sloping  tiuibertf  which  carry  the  steps  in  a  staircase. 

HoiiHngt;  in  rolliug  mills,  &e,  the  vertical  supports  for  the  boxes  In  which  the  Journals  revolTe. 

Hub,  or  nave;  the  oentral  part  of  awheel,  tbroogh which  the  azletree  passes,  and  from  which 
the  spokes  radiate. 

Impost;  the  upper  part  of  a  pier  from  which  an  arch  springs. 

Ingot ;  a  lump  of  cuot  metal,  geuerallr  somewhat  wedge  shaped.    A  pig  of  cast  iron  is  an  ingot. 

Invert;  an  inverted  arch  frequently  b'uiii  under  openings,  in  order  to  distribute  the  pressure  more 
eveuly  over  the  foundation. 

Jack;  a  raising  instrument,  consisting  of  an  iron  rack.  In  connection  with  a  short  stout  timber 
which  supports  it,  and  worked  by  cog-wheels  and  a  winch.  A  screw'jack  is  a  large  screw  working 
in  a  strotig  fi*ame,  the  base  of  which  serves  for  it  to  stand  on ;  and  which  is  caused  to  revolve  and 
riae,  carrying  the  load  on  top  of  it,  by  turning  a  nut,  or  otherwise. 

Jack-rafters,  or  common  rafters ;  small  rafters  laid  on  the  purlins  of  a  roof,  for  aopportiug  the  . 
ahingling  laibs,  to. 

Jag-^ike;  a  spike  whoee  sides  are  jagged  or  notched,  with  the  misUken  idea  that  its  holding  power 
la  thereby  much  increased.  If  a  spike  or  belt  is  first  put  into  its  place  loosely,  and  then  has  melted 
lead  run  around  it,  the  Jagging  does  assist;  but  not  when  it  is  driven  into  wood. 

Jambs;  the  sides  of  an  opening  through  a  wall,  Ac;  as  door,  window,  and  fireplace  Jamba. 

Jamb4inUtgs;  the  facing  of  woodwork  with  which  jambs  are  covered  and  hidden. 

Jaw;  an  opening,  often  Y-sbaped,  the  inner  edges  of  which  are  for  holding  something  in  place. 

Jettie,  or  jetty  ;  a  pier,  mound,  or  mole  projecting  into  the  water;  as  a  wbarf-pier,  Ac. 

Jib;  the  upper  projecting  member  or  arm  of  a  crane,  supported  by  the  stay. 

^-saw;  every  narrow  thin  saw  worked  vertically  by  machinery,  and  used  fbr  sawing  curved 
ornaments  in  boards. 

Joggle;  a  joint  like  that  at  3  or  4,  Ac,  p  613,  of  Tmaaes,  for  receiving  the  pressure  of  a  strut  at 
right  angles  or  nearly  so.  Also  applied  to  squared  blocks  of  stone  aometimes  inserted  betw^^n 
eeurses  of  maaonry  to  prevent  sliding,  &o. 

Joist ;  binding  joists  are  girders  for  sustaining  common  joists.  The  common  ones  are  then  called 
bridging  joints.  Ceiling  joiatB  are  small  ones  under  roof  trusses,  or  under  girders,  and  for  sustain- 
log  merely  the  plastered  ceiling. 

Journal-box;  a  fixture  upon  which  a  Journal  rests  and  revolves,  instead  of  a  plummer-block. 

Jonrnals ;  the  cylindrical  supporting  ends  of  a  horisonUl  revolving  shaft.  Their  length  is  usually 
•bouil  to  IH  time*  their  diam.     In  linea of  shafting i diams.    To  find  the diam,  aee Gudgeon. 

Jumper;  a  drill  used  for  boring  holes  in  stone  by  aid  of  blows  of  a  sledge-hammer. 

Xeepen^the^pliKB  of  metal  or  wood  which  keep  a  sliding  bolt  in  its  place,  and  guide  it  in  sliding. 

Kerf;  the  opening  or  narrow  slit  made  in  sawing. 

Key-bolt.    See  Cotter-bolt. 

J&ys<on«;  the  center  atone  of  anarch.  ^  ^  . 

Kibble;  the  bucket  used  for  raising  earth,  stone,  Ac.  from  shafts  or  mines. 

King-post,  king-rod  ;  the  center  post,  vertical  piece,  or  rod.  in  a  truss ;  aU  those  on  each  side  of  it 
•re  queen-posu,  or  queBn<rods.    Frequently  called  aimply  kings  and  queens.  , 

Knee  ;  a  piece  of  metal  or  wood  bent  at  an  angle;  to  serve  as  a  bracket,  or  as  a  means  of  unlung 
two  surfaces  which  form  with  each  other  a  similar  angle. 

Lagging,  or  sheeting  ;  a  covering  of  loose  plank ;  as  that  placed  upon  centers,  and  supporung  the 
arcbstones.    Also,  an  outer  wooden  casing  to  locomotive  boilers  and  others. 

Landing;  the  resting-place  at  the  end  of  a  flight  of  stairs. 

Lantern  wheel.    See  Trundle. 

Lap: 

Lap-v 

Lead,  Kr 

each  stroke  of  «»e  piston  begins.    The  distance  t 

Leader:  a  cog-wheel  that  jrfves  motion  to  the  next  one  or  follower. 

Leadina-beam ;  leadimj-pili :  one  placed  as  a  guide  for  placing  others. 

SjdfJS-SSSi;  iTa  lo^mouve,  those  frequenUy  phwed  in  front  of  the  driving-wheels. 

i:S^/a7arT;r:jeS°o;er  like  a  shelf;  a  «H:k  so  prpjectin,.    A  narrow  strip  of  board  nailed 

•"Errn^?;a%*ieri^^^ 

'    ''liSiUr'frii^XrtViS.i^Lei,  used  for  -l-din.^ -^^^^^^^  -'  ''o"  »^«  «»»«- 
jUnck-rm;  •  pin  i>f«p  the  eud  of  an  .lie,  to  hold  the  "Jeel  on. 

^J^iSiVrwVd'lf'UrffiwIido^^^  frequently  at  the  tops  of  roofs  of  depots.  *c,  provided  with  hor- 
lionul  slata,  which  permit  ventilation.  »«>*  exclude  rain. 

JtluiS:  the  wooden  hammer  used  by  stonecutters. 
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AkotiMBluUt  that  oarriM  the  chock  or  a  lath*.  '  .  jr"»«ric~-Mqm 

J^nkoU;  an  opening  by  which  a  man  can  enter  a  boiler,  eulTert,  Ae,  to  clean  or  repair  It. 

Mattock;  a  kind  of  pick  irith  broad  edges  for  digging. 

Maul;  a  lieav/  wooden  liammer. 

Mean,  arithmetical ;  half  the  sum  of  two  nambers. 
"     ,  geonutneal;  the  sq  rt  of  the  product  of  two  numbera. 

MeanrproportioneU ;  the  same  aa  the  geometrieal  mean. 

Meridian ;  a  north  and  south  line.    Noon. 

Mitre-joint:  a  joint  formed  along  the  diagonal  line  where  the  ends  of  two  pieoea  an  nutted  aiaa 
angle  with  each  other. 

Mitre-titt;  the  sill  against  whl^  the  lock  gates  of  a  canal  shot. 

ModMlttu ;  a  datum  serving  as  a  maana  of  ootnparls<m.    Same  as  eensf ant  or  cotyfieient. 

Modulue  of  e^osttctty ;  see  p  4S4&.  ModvAiue  of  Bupture,  p  486. 

Moment ;  tendency  of  force  acting  with  leverage.    See  p  835. 

Moment  ofitiertia.    See  p  486. 

Moment  ofrvfture,  or  of  bending;  the  tendency  which  any  load  or  force  exwta  to  break  or  b«>Dd  a 
body  by  the  aid  of  leverage.  Its  amount  is  found  in  foot-pounds  by  multiplying  the  force  in  Bks,  by 
the  length  of  leverage  in  feet  between  It  and  that  part  of  the  body  upon  which  the  tendency  la  exerted. 

Mom«Ht  ofttabUUy.    See  Art  W,  of  Force  In  Rigid  Bodies. 

Monkey ;  the  hammer  or  ram  of  a  pile-driver. 

Monkey-wrench,  or  tcrew'wrench  ;  a  spanner,  tira  gripping  end  of  which  can  be  adjusted  by  mraiia 
•r  a  screw  to  fit  ohiccts  of  diSerent  slses. 

Mooringa;  fixtures  to  which  ships.  &c,  can  make  fast. 

Moniee;  a  hole  cut  In  one  piece,  for  receiving  the  tenon  which  projects  flrom  another  pieoe. 

Muck;  soft  surface  soli  oootaluiog  much  vegetable  matter. 

Muntine,  or  muUione :  the  vertical  pieces  which  separate  tiie  panes  in  a  window-sash. 

Nailing'biook* ;  bloeks  of  wood  inserted  in  walls  of  stone  or  brick,  for  nailing  washboards,  ke,  to. 

Nave ;  the  main  body  of  a  building,  having  connecting  wings  or  aisles  on  each  side  of  lu  The  hnb 
of  a  wheel. 

Ifewel ;  the  open  space  surrounded  by  a  stairway. 

Newel-post;  a' vertical  post  sometimes  used  for  sustaining  the  outer  ends  of  stepe.  Alao  the  large 
baluster  often  placed  at  the  foot  of  a  stairway. 

Nippere ;  pincers.    An  arrangement  of  two  curved  arms  for  catching  held  of  anything. 

^ormai;  perpendicular  to.    Aocordlng  to  rule,  or  to  owreot  |Hrinciples. 

Moeing  ;  the  slight  projection  often  given  to  the  fh>nt  edge  of  the  tread  of  a  step :  nsnally  rounded. 

Nut,  or  burr ;  the  short  piece  with  a  central  female  screw,  used  on  the  end  of  a  screw-bolt.  4o,  for 
keeping  It  in  place. 

Ogee  ;  a  moulding  in  shape  of  aa  S.  the  same  as  a  clma. 

Ordinate  ;  a  line  drawn  at  right  angles  from  the  axis  of  a  curve,  and  extending  to  the  onnre. 

OaciUate ;  to  swing  backward  and  forward  like  a  pendulum. 

Ont  of  wind,  pronounced  wynd;  perfectly  straight  or  flat. 

Ovolo;  a  projpcting  convex  moulding  of  quarter  of  a  circle;  when  It  Is  concave  it  is  aeavetto,  or 
hollow. 

Packing  ;  tho  material  placed  in  a  stnflBng-box,  Ac,  to  prevent  leaks. 

Packtngpteeet ;  short  pieces  inserted  between  two  others  which  are  to  be  riveted  m-  bolted  together, 
to  prevent  their  coming  in  contact  with  each  other. 

PcUl,  or  pawl.    See  Ratchet. 

Parapet;  a  wall  or  any  kind  of  fence  or  railing  to  prevent  persons  fW>m  falling  off. 

Parcel;  to  wrap  canvas  or  rags  round  a  rope. 

Parge  ;  to  make  the  inside  of  a  flue  smooth  by  plastering  It. 

Patent  hammer ;  a  hammer  with  several  parallel  sharp  edges  for  dressing  atone. 

Pay.    To  cover  a  surface  with  tar,  pitch,  Ac.     A  ship  word. 

Pay  oxtt.    To  slacken,  or  let  out  rope. 

Pediment;  the  triangular  space  in  the  face  of  a  wall  that  Is  indnded  between  the  two  sloping  sides 
ef  the  roof  and  a  line  Joining  the  eaves. 

Penstock.    See  Forebay. 

Pier :  the  support  of  two  adjacent  arches.  The  wall  space  between  windows.  *e.  A  stmetare  built 
out  Into  the  water. 

Pierre-perdue;  lost  stone ;  random  stone,  or  rough  stones  thrown  Into  the  water,  and  let  find  their 
own  slope. 

Pilaster:  a  thin  flat  projection  from  the  face  of  a  wall,  as  a  kind  of  emamental  substitute  for  a 
column. 

Pile-planks;  planks  driven  like  piles. 

PiUow-block,  or  plummer-hlock:  a  kind  of  metal  chair  or  support,  upon  which  the  Jonrnals  of  her- 
Ixnntal  shafts  are  generally  made  to  rest,  and  on  which  they  revolve. 

Pinion ;  a  small  cog-wheel  which  gives  motion  to  a  larger  one. 

Pintle;  a  vertical  projecting  pin  like  that  often  placed  at  the  tops  of  erane.p*«t«.  and  over  which 
the  holding  Hngs  at  the  tops  of  the  wooden  guys  fit.  Also,  such  aa  is  used  for  the  hingea  of  rudders 
•r  of  window-sbuttera  to  turn  around. 
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PUeh;  the  slope olAvwrf.Ae.    The dlaUnee  from  eenter  to  oenterof  the  teeth  of  •  oog  wbeel,  or 
the  ttareibia  or  •  Boratr.    Boiled  Ur.    Alee  the  diet  apart  of  rivete,  Ae. 

J*i*mamf  •  eoanecting-rod  for  transmittinc  Botion  from  a  prime  mover  to  macbinerj  at  a  dUtaoce, 
moved  by  it.  » 

Ptt-Mtw  ;  a  large  saw  worked  Tertioally  by  two  men.  one  of  whom  (the  pitmanj  stande  io  a  pit. 
Pivot;  the  lower  end  of  a  vertieai  revolving  shaft,  whether  a  pan  of  the  shaft  itself,  or  attached  to 
it.     It  should  be  flat;  and  both  U  and  the  step  or  socket  upon  which  it  rests  should  be  of  hard  steeL 
If  a  steel  pivot  has  to  revolve  rapidly  and  condnoously,  it  is  well  to  proportion  its  diam,  so  as  not  to 
have  to  sustain  mors  than  250  lb*  per  so  inch ;  otherwise  it  will  wear  qniokly.    Past  and  grit  sbould 
for  the  same  reason  be  carefully  gnarded  against.    Pivots  which  revolve  bat  seldom,  and  slowly,  as 
(heee  of  a  railroad  turntable,  luay  be  trusted  with  half  a  ton.  or  even  a  whole  top  per  sq  inch.    As  a 
rude  rule,  east-iron  pivots  should  not  be  loaded  with  more  than  half  as  much  as  steel  ones.    A  steel 
•ne  may  be  welded  to  the  foot  of  its  cast-iron  shaft;  or  may  be  inserted  part  way  into  it;  and  the 
whole  strengthened  by  iron  bands  shrank  on. 
PlamUh;  to  polish  metals  by  rubbing  with  a  hard  smooth  tool. 
PUmt;  the  outfit  of  maehinenr,  ko,  neoessary  for  carrying  on  any  kind  of  work. 
PUuter-hcad;  a  small  vertical  strip  of  irtm  or  wood  nailed  along  projecting  angles  in  rooms,  to 
protect  the  plaster  at  those  parts. 

Platband ;  a  plain,  flat,  wide,  slightly  pr<0eoting  strip,  generally  for  ornament.    When  natrrow,  it 
Is  called  a  fillet. 
pUen  ;  a  kind  of  pincers. 

Plinth ;  the  square  lowest  member  of  the  base  of  a  eolumn  or  pillar. 
Ptuy  ;  a  piece  inserted  to  stop  a  hols.     Ser*m'fUig,  a  plug  that  is  screwed  into  a  hole. 
Plumb}  vertioal. 

Plummtt,  or  flujiib-hob ;  a  weight  at  the  lower  end  of  a  string,  for  testing  verticallty. 
Plunger;  a  kind  of  solid /piston,  or  one  without  a  valve. 

Point;  a  kind  of  pointed  chisel  for  dressing  stone.    To  put  a  finish  to  masonry  by  touching  up  tho 
onter  mortar  Joints.    To  dress  stone  with  a  point  and  mallet. 

PoU-plate }  a  longitudinal  timber  resting  on  the  ends  of  tie-beams  of  roofs ;  and  for  supporting 
ttie  feet  of  the  common  or  Jack  rafters,  when  such  are  used. 
Port ;  the  opening  or  passage  controlled  by  a  valve. 

Prime  ;  to  put  on  the  first  coat  of  paint.    Priming  also  Is  when  water  passes  into  a  steam  cylinder 
along  with  the  steam. 

PrajeeOon.    If  parallel  straight  lines  be  Imagined  to  be  drawn  In  any  one  given  direction,  from 
every  point  inany  surface  «.  whether  flat,  curved,  or  irregular,  then  if  all  these  lines  be  supposed  to 
be  intersected  or  cut  by  a  plane,  either  at  right  angles  to  their  direction,  or  obliquely,  the  figure 
which  their  cross-section  thus  made  would  form  npon  said  plane,  is  called  the  prqjection  of  the  sur- 
faoe  «.    If  such  lines  be  supposed  to  be  drawn  from  a  person's  face,  in  a  direction  in  f^nt  of  htm, 
and  to  be  cut  by  a  plane  at'nght  angles  to  their  direoaon.  their  prctleetion  on  the  plane  would  be  the 
person's  ftall-fsoe  portrait.    If  the  lines  be  drawn  tidevMsg*  f^m  his  face,  the  prelection  wiU  be  his 
profile.    The  projeetion  of  a  globe  npon  a  flat  plane,  will  evidently  be  a  eircle  if  the  plane  cuts  the 
lines  at  right  angles ;  and  an  ellipse  if  it  cuts  them  obliquely.    Shadows  oast  by  the  sun  are  projec- 
tions. 

PuddU  ;  earth  well  rammed  into  a  trench,  ftc,  to  prevent  leaking.    A  prooess  for  eonverUng  east 
Iron  into  wrought  bv  a  puddling  furnace. 
Putj-mUl ;  a  mill  for  temjpertng  clay  for  bricks  or  pottery.  Ac. 
PMey  ;  a  circular  hoop  which  carries  a  belt  in  machinery. 

Puppet;  in  machinery,  f  small  short  pedestal  or  stand.    Pwppot-vmlvt.  See  Talves. 
PiiHiiu;  the  horizimtal  pleoes  placed  on  rafters,  for  supporting  the  roof  covering. 
Put-logt.,  or  pwMocifc* ;  hnrisontal  pieces  supporting  the  floor  of  a  scaffold ;  one  end  being  Inserted 
Into  put-log  holet  left  for  that  purpose  in  the  masonry. 
Quaw  ;  a  wharf. 

Qu^:  the  hollow  Into  which  a  quoin  post  of  a  canal  look-gate  fits.  Stones,  usually  dressed,  placed 
along  the  vertioal  angles  of  buildings,  chiefly  for  ornament. 

Quotn-poat ;  the  vertical  post  on  which  a  lock-gate  tarns.    The  heel-post. 

Babbst,  or  rebate  ;  a  half  groove  along  the  edge  of  a  board,  Ao.  See  16,  p  «18,  of  Tmeses,  where 
two  rabbets  are  shown  overlapping  each  ether. 

Kace  {  the  channel  whleh  conducts  water  either  to  or  fivm  a  water-wheel :  the  first  is  a  bead  raoe ; 
the  last  a  tail  race.    The  waves  produced  by  the  meeting  of  strong  opposing  cnrrenU ;  also,  a  rapid 
Mdewav.  or  roo«t.  ....         .. ._  ^ ...     .  . 

Back  tmdpMon;  the  rack  is  a  straight  row  of  cogs  on  a  bar,  and  called  a  rack-bar ;  and  the  pinion 
Is  a  small  cog-wheel  worklbg  Into  it.  „  ^    .        ,  /momeut  of  inertia 

Badiue  0/ gvration.    See  Center  of  gyration.    Badofgyris=    /"*  "''"*"' — lJi_ 
RagboU.    See  Jag-splke.  N    weight  of  body 

Rag-wh*el,  or  Sprocket  itheel ;  one  with  teeth  or  pins  which  catch  into  the  links  of  a  ^aln. 
Ram ;  the  hammer  of  a  pile-driver. 

Randtm  elone  }  rip  rap,  or  rough  stones  thrown  promiscuously  into  the  water,  to  form  a  founda- 
tion. Ac. 
i^Mp ,-  a  coarse  file.  ^  ,    . 

RatckM  and  pall  t  the  (brraer  Is  scimetlmes  a  straight  bar,  at  others  a  wheel :  in  either  case  it  Is 
ftiml!>hed  with  teeth  between  which  the  pall  drops  and  prevent*  backward  motion.  Used  for  safety 
in  holsanf  maehlnery.  fto.    The  paU  is  sometimes  ealled  a  click.  ^   ',  ^ 

Ream.    A  hole,  wider  at  top  than  at  bottom,  (see  19,  p  613,  of  Trusses,)  through  which  a  scr(>w. 
bolt,  Ac,  is  to  be  Inserted,  so  that  Ita  head  shall  not  prqjeet  above  the  gsueral  snrfaoe,  is  said  u,  be 
teamed,  or  reamed  out;  or  to  be  ooontarsank. 
Rebate.    See  Rabbit,  above.  * 

Rtciprocat  of  a  number  is  the  quotient  fbtind  by  dividing  I  by  that  number. 
Reciprocating  motion.    See  Alternating  motion. 
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M*-0iU«rimit  amgU  /  u  ftogle  or  ooracr  projeetiog  tnward.   See  Salient,  below. 

Btvetmtnt;  steep  faoiog  of  atone  to  the  side*  of  a  ditoh  or  parapet  In  fortilloatlon.  A  retaining- wnB. 

lUb  !  Um  eurred  pieee*  wbioh  form  the  arehee  of  iron  or  wooden  brldgee,  *e.  Alee,  thoee  to  whieb 
the  outer  Banking  of  a  sailing  ves»el,  *c,  are  fastened. 

Midge  of  a  roof ;  its  peak,  or  the  sharp  edge  aluug  its  very  wp.    Has  Tarioas  similar  applieationa. 

Midge-poU,  ridge-piice,  or  ridyplate;  the  highest  horisontal  timber  in  a  roof,  extending  from  top 
to  top  of  the  several  pairs  of  rafters  of  the  tmsees :  for  supporting  the  heads  of  the  jack-rafters.  ; 

MigM  and  left ;  a  look  which  iu  iu  proper  position  suits  one  flap  of  a  pair  of  folding  doors,  win  * 

not  suit  if  fhstened  to  the  other  flap ;  nor  even  to  the  same  flap  if  required  to  open  to  the  right  la-  I 

•tead  of  to  the  left,  or  vice  versa,  according  to  whether  it  is  a  right  or  a  left-hand  lock.    And  eo  witk  \ 

many  other  things,  as,  fsr  Instance,  oertain  arrangements  for  working  railway  switehes,  kc    RIgkt  ' 

and  left  booU  and  shoes  are  a  familiar  illustration ;  also,  right  and  left  screws.    Therefore,  in  order*  'I 

tng  several  of  anything,  it  is  neeessarY  to  oonsider  whether  they  may  all  be  of  the  same  pattern,  or 
whether  some  must  be  right-hand,  and  others  left-hand  ones. 

Eight  shore  of  a  river ;  that  which  Is  on  the  right  hand  wtktn  descending  the  river.  I 

Blght-tolid  body ;  one  whieh  has  its  axis  at  right  angles  to  its  base ;  when  not  so,  it  is  obUfu*, 

Jmif-ftott;  a  bolt  with  an  eye  and  a  ring  at  one  end.  I 

Mtp-ra^.    See  Random  stone.  ' 

Mo4ad*fad ;  anchorage  at  some  distance  from  shore. 

Bock-$kafi ;  a  shaft  which  only  rocks  or  makes  part  of  a  revolution  each  way,  instead  of  rervrtvinc 
entirely  around. 

Rockwork;  squared  masonry  In  which  the  faoe  ie  left  rongb  to  give  n  rastto  appearance. 

Bubble ;  masonry  of  rough,  undressed  etonas.  Bcabbled  rubble  has  enly  the  roughest  irregularitiea 
knocked  otT  by  a  bammw.  Banged  rubble  has  the  stones  in  each  course  rudely  dresaed  to  nearly  a 
UDifornt  height. 

Bundle,  or  round ;  the  step  of  a  ladder. 

BuuUe;  moch  the  same  as  rockwork. 

Saddle;  the  rollers  and  fixtures  on  top  of  the  piers  of  a  suspension  bridge,  to  accommodate  ex* 
paasion  and  oontraetiett  of  the  eablea.  The  top  pleee  of  a  stone  eomioe  of  a  pediment.  Mas  man/ 
other  applications. 

Sag  ;  to  bend  downward. 

Salteni  ;  projecting  outward.    See  Re-entering,  above. 

Sandbag;  a  bag  filled  with  sand  for  stopping  leaks. 

ScaJbhle;  to  dress  off  the  rougher  prqfeiMions  of  stones  for  rubble  mnaonry,  with  a  stone-nxe,  or 
■eabbling  hammer. 

SeanUing  :  the  depth  and  breadth  of  pieces  of  timber ;  thus  we  say,  a  scantling  of  8  by  10  ins,  4«. 

Scarf  i  the  uniting  of  two  pieces  by  a  long  Joint,  aided  by  bolts,  *c. 

Scarp  t  a  steep  slope,    fn  fortiflcation  the  inner  slope  of  a  ditcb. 

Scotia  ;  a  receding  moutdiug  consisting  of  a  semicircle  or  semi-elUpse,  or  similar  figure. 

Sereedt ;  long  narrow  strips  of  plaster  put  on  horixontally  along  a  wall,  and  carefully  faced  out  nf 
wind,  to  serve  as  guides  for  afterwHrd  plastering  the  wide  inlnrvals  between  ibeai. 

Screw-bolt,  a  bolt  with  a  screw  cut  on  one  end  of  it. 

Screw-jack.    See  Jack. 

&;rew-isr«iicJ^    See  wrench. 

5eri6e ;  to  trim  off  the  edge  of  a  board,  Ac,  so  as  to  make  It  fit  closely  at  all  points,  to  an  irregular 
surface.  The  lower  edges  of  an  open  caisson  are  soribed  to  fit  the  irregularities  of  a  rocky  river  bottom. 

Scroll;  an  ornamental  form  oonsistlDg  of  votnles  or  spirals  arransed  somewhat  in  the  shape  of  S. 

Scupper  naite  ;  nails  with  broad  heads  for  nailing  down  eanvas,  co. 

Scuppere  ;  on  shipboard,  holes  for  allowing  water  to  flow  off  from  the  deok  Into  the  sea. 

SemttU  ;  a  small  batohwaj.    To  make  holes  in  a  vessel  to  cause  sinking. 

Sea-wall;  a  wuU  built  to  prevent  encroachment  of  the  sea. 

Secret  naiUiig ;  so  nailing  down  a  floor  by  nails  along  the  edges  of  the  boards,  that  the  nail-henda 
do  net  shew. 

Serve ;  to  wrap  twine  or  yam,  to,  closely  round  a  rope  to  keep  It  ft-onr  robbing. 

Setecrew,  or  Hgktening'terew ;  a  screw  for  merely  pressing  one  thing  tightly  against  another  at 
will ;  such  as  that  which  oonflnes  the  movable  leg  of  a  pair  of  dividers  in  iu  socket. 

Shackle,  ordevta;  a  link  in  a  chain  shaped  like  a  U.  and  s<x. arranged  ibat  by  drawing  out  a  bolt 
or  pin,  which  fits  into  two  holee  at  the  ends  of  the  U,  the  chain  can  be  separated  at  that  point. 

Shaft ;  a  vertical  pit  like  a  well.    The  body  of  a  column.    A  large  axle. 

Shank;  the  body  of  a  bolt  exclusive  of  its  head.  The  long  straight  psrt  of  many  things,  as  of  an 
anchor,  a  key,  Ao. 

Sheare,  or  aheera;  two  tall  timbers  or  poles,  with  tbeir  feet  some  distanoe  apart,  and  their  topa 
fastened  together ;  and  supporting  hoisting  tackle. 

Sheave ;  a  wheel  or  round  Mnck  with  a  groove  around  it"  ofronrnferenoe  for  guiding  a  rope. 

SheeUM,  or  aheathlng;  ooveriag  a  surface  with  boards,  sheet  iron,  felt,  Ac. 

Shingle ;  the  pebbles  on  a  *eHflbore. 

Shoetf  oeruitt  Sttings  at  the  ends  of  pieces ;  as  the  pointed  iron  shoes  for  piles.  The  wall  shoe* 
Into  which  the  lower  ends  of  iron  rafters  generally  fit,  Ac. 

Shore ;  a  prop. 

Shot ;  the  edge  of  a  board  is  said  to  be  shot  when  it  Is  frianed-perfeetlv  straight. 

Shrink.  When  an  iron  hoop  or  band  is  first  heated,  and  then  at  onee  placed  upon  the  body  whieh 
It  is  intended  to  surround,  it  shrinks  or  oontraeu  as  it  ooiria,  and  tlierelbreolaspstiM  body  more  firmly. 
This  is  called  sArtnMnf  oa  the  hoop. 

ShuHle  ;  a  small  gate  fsr  admluing  water  to  n  water-wheel,  or  out  of  a  oanal  look.  Ae. 

Siding ;  a  short  piece  of  railroad  track,  parallel  to  the  main  nne,  to  serve  as  a  passing-plaee. 

Silt ;  soft  fine  mud  deposited  by  rivers.  Ac. 

Siphon  culvert;  a  oulvert  built  in  Shape  of  a  U.  for  earrylng  a  stream  under  an  obstacle,  and  allow, 
ing  it  afterward  to  rise  again  to  its  natural  level.  The  term  ia  improper,  inasmuch  as  the  prioolple 
of  the  siphon  is  not  Involved. 

Skewback;  the  inclined  stone  from  which  an  aroh  springs. 

Skida ;  vertical  feaders,  on  a  ship's  sides.     Two  parallel  timhm^  fhr  mlling  things  upon. 

Skirting;  narrow  boards  nailed  along  a  wall,  as  the  washboards  in  dwelliugs. 

Sledge;  a  heavy  hammer. 

Sleeper:  any  lower  nr  foundation  pi(>oe  In  cnnrsct  with  the  ground. 

iSr^seve ;  a  hollow  cylinder  slid  over  two  pieces  to  hold  them  together. 
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Sid^'hart,  or  aUdMt  ten  fer  aBjikinf  t«  BttdaatoBc;  m  thaw  fbr  the ovsM-kaads  of  pto«Mi*nd|, 
Ao<    Ofken  called  giridoB- 

SlbmgM  i  pkraes  of  rope  or  ohain  to  be  pat  Aroand  stones,  ke,  for  raising  then  hj. 

SUp;  tbe  sliding  down  ot  the  sides  of  eartb-emta  or  bulks.  A  long  narrow  water  space  or  dock 
between  two  wharf- piers. 

Slop9-waU;  a  wall,  gsneralljr  thin  and  of  rnbUe  atoBe,  used  to  preserve  slopes  front  the  action  at 
water  in  the  banks  of  canals,  rivers,  reservoirs,  Ac ;  or  from  the  aetion  of  rain. 

Mot;  along  narrow  hole  cat  through  anything. 

Stmiee:  a  water-chanuei  of  wood,  utaseurj,  Iks;  or  a  mere  trench.  The  flow  is  nsuallj  r^ulated 
by  a  slaice>gaie. 

amoke'boxf  in  looomotivee,  that  spaee  in  front  of  the  boiler,  through  which  the  smoke  passes  te 
tlie  ehiasney* 

Snag  ;  a  lag  with  a  bole  through  it,  for  a  bolt. 

aiKktt ;  a  eavitjr  made  in  one  piece  fur  reeeiviug  a  protiootion  firom.  er  the  end  of,  another  pteoe ;  as 
that  into  which  the  movable  leg  of  a  pair  of  dividers  fiu. 

3aigUf  the  lower  or  nudemeatli  surfaoe  ef  an  arch,  comfoe.  window,  or  doer^pening.  Ac. 

Soldar;  a  compound  of  dlfforent  metals,  which  when  melted  is  Ui^ed  for  uniting  pieces  of  meUU  also 
heated.  Soft  solder  is  a  compound  of  lead  and  tin.  and  is  used  fer  uniting  lead  or  tin.  There  are. 
various  hard  adders,  such  as  speller  adder,  composed  of  oiq^ier  and  siuc,  fu*  uniting  iron,  copper,  or 
brass. 

Sol4  ;  that  lining  around  a  water-wbeel  which  forms  tbe  bottoms  of  tbe  buckets. 

S^ndrel ;  the  Hpace.  or  the  masonry,  Ac,  between  the  back  or  eztrados  of  an  arch  and  the  roadway. 

Spamner;  a  kind  of  wrench,  cooslsling  of  a  tmndlit  or  lever  with  a  square  eye  at  one  end  of  it ;  much 
need  for  tightening  up  the  nuts  upon  aerew*bolts,  Ae.  The  eye  fits  over  or  surrounds  the  nnt. 

i^pae;  a  beam;  b«t  generally  applied  to  round  pieces  like  mai^ts,  Ac 

^elter;  zinc. 

^HuoC }  the  pin  or  stopper  of  a  faucet.    The  smaller  end  of  a  common  east-iron  wator  or  gas  pipe. 

^UuUe;  a  thin  delicate  shaft  or  axle. 

Jfftagi  tawiden  or  flare,  Uke  the  jambs  of  a  common  flr^aee,  or  those  of  many  windows ;  or  like 
the  wing-walteoT  aeoteolveru. 

Spliet;  to  unite  two  piaaea  flmriy  together. 

Springer;  the  lowest  stone  of  an  weoh. 

A^rocXM-wAeei.  or  rof -wikeel ;  one  with  teeth  er  pins  which  cntoh  in  tbe  links  of  a  chain. 

£pNr-«0Jkaei ;.  a  common  cog-wheel,  in  which  the  teeth  radiate  from  aeommon  cea,  like  those  of  a  spor. 

Square  ;  in  roofing ;  100  square  fset. 

SquarB'ktad;  a  square  termination  like  that  upon  which  a  watdnkey  fits  for  winding;  or  that 
«pnn  which  the  eye  of  the  handle  of  a  eommon  grindstone  fits  for  turning  it.  Ac. 

Staging  ;  the  temporary  flooring  of  a  scaffold,  platform,  Ac 

Stenuition  ;  a  vertieal  proper  stmt. 

StoHeUng-bolt,  or  sfud-frdf :  a  bolt  with  a  screw  cut  up4n  each  end ;  one  end  to  be  screwed  perma> 
nently  into  something,  and  the  other  end  to  liold  by  meana  of  a  nnt  something  dae  that  may  be  *•• 
quired  to  be  removed  at  times. 

atamd-ptpe.    Seep.  298. 

SUMpt^;  a  kind  of  double  pin  in  shape  of  a  U;  its  two  sharp  points  are  driven  into  timber,  and 
onrwed  part  Is  left  prtijeeting.  to  receive  a  hoop,  pin.  er  hasp,  Ac. 

StarUnga  ;  the  proJectlDg  up  and  down -stream  ends  or  cutwaters  of  a  bridge  pier. 

Stag;  variously  applied  to  props,  struts,  and  ties,  for  staying  anything  or  keeping  it  in  place. 

Stap-bdtt ;  long  bolts  placed  across  the  inside  of  a  boiler,  Ac,  to  gire  it  greater  strength. 

atnim-the^;  the  iron  box  in  locomotive  engines  and  others,  through  which  tbe  steam  is  admitted 
to  the  cylinders. 

8team-pip«;  tbe  one  which  leads  steam  tmvm  a  boiler  to  the  steam-cbewt. 

Step  ;  a  oavitj  in  a  piece  for  receiving  the  pivot  of  an  upright  shaft ;  or  the  end  ef  any  upright  piece. 

StiU$  ;  the  flat  vertical  pieces  between  and  at  tbe  sides  of  tbe  panels  in  doors.  Ac. 

Stock;  the  eye  with  bandies  for  turning  it,  in  which  the  dies  for  tbe  cutting  of  screws  are  held. 

Stove-vp,  or  ttcved.  or  «4>«s(;  when  a  rod  of  iron  is  heated  at  one  end.  and  then  bsmniered  end- 
wise so  that  that  part  becomes  of  greater  diaaMter  or  stouter  than  the  ranalnder.  The  hesds  of  bolts 
are  fluently  made  in  one  pieoe  with  tbe  shank  in  this  way ;  and  the  screw  ends  of  long  pcrewroda 
are  often  upset,  so  that  the  cutting  of  the  threads  of  the  screw  mi^  not  reduce  the  strength  of  tbe  bar. 

Strap;  a  long  thin  narrow  piece  of  metal  bolted  to  two  bodies  to  hold  them  together.  A  strap- 
kingeis  a  strap  festened  to  a  shutter.  Ac,  and  having  an  eye  or  a  pin  at  one  end  for  fittiug  it  to  the 
other  part  of  the  binge  which  is  attached  to  the  wall. 

AroCwin  ;  a  l|iyer,  or  bed ;  as  tlie  natural  ones  in  reeks.  Ae. 

Stretcker;  a  brick,  or  a  dock  of  masonry  Wd  lengtkwite  ot  a  wall.  A  frame  for  stretching  any 
thing  npea. 

Sirreteiter-eoKrse  ;  a  course  of  masonry  all  of  stretchers,  withnnt  any  headers. 

StrOte;  an  imaeinary  horisontat  line  drawn  upon  the  inoiined  flice  ef  a  stratum  of  rocks.  Thus, 
if  the  slates  or  shingles  on  a  roof  represent  inclined  strata  of  rocka^  then  dther  the  ridge  or  the  esres 
of  the  roof,  or  any  horisoutal  line  between  them,  will  represent  their  strike.  The  inclinatiou  is 
called  tbe  dip  of  the  strsta;  and  the  strike  is  always  at  right  angles  to  it  by  compass. 

luring  ;  variously  applied  to-Inngitadiaal  pieces. 

String-board  ;  the  boarding  (often  ornamented)  at  the  outer  ends  of  steps  in  staircases.  It  hides 
the  hone*,  as  the  inclined  timbers  which  carry  the  steps  are  called. 

String-eonrte ;  a  long  horizontal  aonrsa  of  brick  or  masonry  prqjecting  a  little  beyond  the  others ; 
and  often  Introduced  for  ornament. 

Stringer;  any  longitudinal  timber  or  beam,  Ac. 
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Arm;  aiu.r.    -^ .  . 

atrut-lU,  or  tie-urut;  a  pieoe  xiapfd  to  sosUiD  both  teuiioo  aud  oompraMloa. 

StMb-tnd!  a  blunt  eiMl. 

antd ;  a  ibort  stoat  projaeting  pin.    A  prop.    Tho  Tortloal  picew  in  a  stud  paitlUoo. 

Stud-boU.    Soe  SUadiug-bolt. 

Stufing-box!  a  small  boxiag  on  tbo  end  of  a  iteaa  oylindar,  and  saiTonndlng  the  piston.rod  lika 
a  collar ;  or  in  other  ponitlons  where  a  rod  in  required  to  move  baokward  and  forward,  or  u»  nmirm, 
in  an  opeaiog  tbroug h  any  kind  of  partition,  without  allowing  the  eaoape  of  steam,  air,  or  water,  ko, 
as  the  ease  may  be.  The  box  is  filled  with  greased  beaiu  or  nther  paekiog,  whioh  is  kept  pressed  ctoae 
around  the  moving  rod  by  meaus  of  a  top-pieoe  or  litnd  of  cover  called  the  gUuid,  whioh  may  hm 
screwed  down  more  or  less  tightly  upon  it  at  pleasore.    The  red  pasaas  throogh  the  gland  alao. 

Stui^>t,  or  tump:  »  draining  wdl  into  which  rain  or  other  water  may  be  led  by  little  ditohee  from 
diflereat  parts  of  a  work  to  which  it  would  do  injury. 

Atrfrose ;  the  Inside  horlaeatal  mouldings  Just  nnder  a  window-sill.  Alao  those  around  the  top  of  a 
pedestal,  or  of  wainscoting.  Ac. 

Swag;  or  twtdg* ;  a  kind  of  hammer,  on  the  face  of  which  is  a  semi-cjiindrioal.  or  other  shaped 
groove  or  indentation ;  and  which,  beiug  held  upon  a  piece  of  hot  iron  and  struck  by  a  heavy  hammer^ 
leave*  the  shape  of  the  Indentation  upon  the  iron. 

Switch ;  the  movable  tongue  or  rail  by  which  a  train  is  directed  from  one  track  to  another. 

Swtoeti:  devices  for  permitting  one  piece  to  turn  readily  in  various  direotioas  upon  another,  witb> 
out  danger  of  entanglement  or  separatlea.  At  IS,  n  S88,  of  Trusses,  is  a  tightening  swivel ;  th« 
castors  under  the  legs  of  heavy  furniture  are  swivelled  rollers. 


^aellnal  oafo ,-  in  geolo^.  a  valley  axis,  or  one  toward  which  the  straU  of  rooks  slope  downward 

»m  opposite  directions.    The  line  of  the  gutter  in  a  valley  roof  mav  represent  such  an  axis. 

r* :  pieces  of  metal  In  that  shape,  whether  to  aerve  aa  straps,  or  lor  other  pnrpesca.    Bo  also  witli 


L'i.  S'B.  Ws,  +'s.  Ac.    See  figs  to  Welded  Iron  Tubes,  p  M6. 

Tmekte ;  a  combination  of  ropea  and  puUeya. 

Tnlm :  the  same  as  baiter. 

T^mp:  to  BU  up  with  sand  er  earth,  4e,  the  remainder  of  the  hole  In  which  the  powder  haa  been 
poured  for  blasting  rook.     To  compact  earth  generally,  as  under  croea.tie8,  he. 

Tap:  A  kind  of  screw  made  of  hard  steel,  and  having  a  square  head  which  may  he  grasped  by  a 
wrench  for  turning  it  around,  and  thus  forcing  it  through  a  hole  around  the  Inside  of  which  itcuta  aa 
interior  screw.    To  strike  with  moderate  force.    To  make  an  opening  in  the  side  of  any  vessel. 

Titpp0t;  a  pin  or  short  arm  pn^eetlBg  from  a  revolving  shaft;  or  ftt>m  an  alternating  bar,  and  in* 
tended  to  come  into  oonttct  with,  or  tap,  something  at  eacU  revolution  or  stroke. 

Tuth:  or  cogs  of  wheels. 

TeiMtr :  to  change  the  hardneea  of  metals  by  first  heating,  and  then  Ranging  them  into  water,  oU» 
Ac.    To  mix  morUr.  or  to  prepare  clay  tar  bricks,  Ac. 

TempUt:  the  outline  of  a  moulding  or  other  artiole.  cut  out  of  sheet  metal  er  thin  wood,  to  aervn 
as  a  pattern  for  stoneonttera,  carpealers,  kh.  , 

Ttnon:  a  pr(\)eetlng  tongue  fitting  Into  a  corresponding  cavity  called  a  mortise. 

Terra  cotta;  baked  clay.    Brick  is  a  coarse  kiad. 

Thimbu :  an  iron  ring  with  its  outer  face  curved  into  a  continuous  groove.  A  ropo  being  doubled 
around  this  and  Ued,  the  thimble  acts  as  an  eye  for  it,  and  prevents  that  port  of  tho  rope  from  wear- 
ing.  Also,  a  short  piece  of  tube  slid  over  another  piece,  er  over  a  rod,  Ac,  to  strengthen  a  joint,  Ac 

Thread :  the  oontlnnoos  spiral  projeedon  or  worm  of  a  screw. 

Through-etone  ;  a  stone  that  extends  entirely  through  a  wall. 

Throw :  the  radius,  or  distance  to  which  a  crank  "  throws  out "  its  arm.  Applies  In  the  same  way 
to  lathes.  Some  use  it  to  express  thn  diameter  instead  ef  the  radius.  To  avoid  mlatakea,  the  terasa 
"single"  and  "double'*  throw  might  be  used. 

Tie  ;  any  piece  that  sustains  tension  or  pull. 

n^-ttrtU  t  »  piece  adapted  to  sustain  either  tension  or  compressiya. 

Ttghtningrlng.    See  14.  of  Figs  ilH,  of  Trusses. 

Tightning'terem.    See  Set'screw. 

Hire ;  the  iron  ring  placed  around  the  outer  drenmference  of  the  felloe  of  a  wheel. 

Toggiejoint.  In  Fig  IC,  of  Fdrce  la  page  82S,  sappnee  a  m  and  « ft  to  be  two  stiffs  htm,  hinged 
together  at  a.  It  is  plain  that  If  we  press  downward  at  a,  the  result  will  be  a  great  pn«hing  forae 
against  any  bodies  placed  at  the  ends  «•  and  n.  Such  an  arrangement  ef  two  bars  for  producing  such 
pressure  Is  a  toggle^lBt. 

Tongue:  a  long  slightly  prcjeoting  strip  to  be  inserted  into  a«orresponding  groove,  as  In  toogned 
and  grooved  floors. 

TiHMng :  dressing  stone  by  means  of  a  loot  and  mallet;  the  tool  being  a  chisel  with  •  cutting  edge 
of  1  to  a  inches  wide.    Tooling  Is  generally  done  in  parallel  stripes  across  the  atone. 

Totuk;  a  projecting  semi-eiroular,  or  semi-elliptic  moulding;  often  used  in  the  bases  of  columns. 
It  is  the  reverse  of  a  scotia. 

Trniling'WheeUt ;  in  a  locomotive,  thoee  sometimes  placed  behind  the  driving- wheele. 

IVtifn;  a  number  of  cog-wheels  working  into  each  other. 

aVaaMoay;  any  two  smooth  parallel  tracks  npon  which  wheels  without  flanges  may  mh.  -'In  rail 
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tnitivays  the  rails  thenselTes  have  flange*;  butia  wide  atone  ones  'or  cmnmon  rehlolea,  none  ate 
required. 

TratiMom;  a  beam  aorou  the  opeDing  for  a  door.  fto.    Also,  •  borizootal  piece  dividing  a  biffa 
window  into  two  stories,  Ac,  &c.    Also,  an  opening  above  a  door*  for  venUlattou  or  light. 
2V«<m(  ;  the  horizontal  part  of  a  step. 

Tre«dU  ;  a  kind  of  foot-lever,  tor  turning  a  lathe,  grindstone,  4k,  bj  the  foot. 
Trt^iuiil;  a  long  wooden  pin. 

Trimmer:  a  short  croM-timber  framed  into  two  joisU  so  as  to  susuin  the  ends  of  Intemediate 
)eUtU,  to  prevent  the  latter  from  entering  a  cbiniuey-Uue.  or  iuterferiug  with  a  window,  tc. 

Trip- hammer,  or  tilt- hammer;  a  large  hammer  worked  by  eanib  machinerj,  and  used  for  heavy 
Iron  work,  espectallj  for  hammering  irregular  masses  into  the  shape  of  bars,  Ac 

Truck;  a  kind  of  small  wagon  eonsistinfof  a  platfwm  on  two  or  more  low  wheels.  Also,  those 
ft-ames  and  wheels  usually  placed  under  railroad  cars  and  engines,  and  which,  by  mean*  of  a  pintle 
Qonnecting  the  two,  allow  them  to  vibrate  or  move  laterallj  to  some  extent  independently  of  each  other. 

Trundle,  lantern-wheel,  or  wallower;  used  instead  of  a  cog-wheel,  and  consisting  of  two  parallel 
olroular  pieces  some  distance  apart,  and  united  by  a  central  axia,  and  by  cylindrical  rods  placed 
•round  and  parallel  to  the  axis,  to  serve  instead  of  cogs  or  teeth. 

Trunk;  a  long  wooden  boxing  forming  a  water  channel. 

Trunniona ;  cylindrical  projections,  as  at  the  sides  of  a  cannon,  forming  as  it  were  an  inlermpted 
axle  or  shaft  for  supporting  the  oannon  on  iU  carriage;  and  allowing  it  to  revolve  vertically  throogh 
some  distance. 

Tumbler;  a  kind  of  spring  catch,  which  at  the  prtmr  mmnent  falls  or  tumbles  Into  a  notch  or 
bole  prepared  for  it  in  a  piece;  thus  holding  the  f^ece  in  position  until  the  tumbler  is  lifted  out  of  the 
notch. 

Tumhling-haif ;  see  ••  waste- weir." 

TumbUng-ahaft ;  in  tooomeUve*,  a  shaft  naed  in  the  "  link  mottoa.** 

TurnhuefUe ;  'variously  applied,  as  to  the  ordinary  fastenings  at  tlie  outer  faee  of  a  wall,  for  bold 
ing  window>*hntters  baok  when  opened:  also,  to  the  tightening-swivel  at  IS,  gage  588,  of  Trusses.  Ac. 

Turntable;  the  well-known  arrangement  for  turning  locomotive*  at  rest.    See  page  791. 

Undmrmine  ;  to  excavate  beneath  anything. 

Underpin;  to  add  te  the  height  >f  a  wall  already  eonstmcted,  by  exeavatinr  and  building  beneath 
it.     AUo,  to  introduce  additional  support  of  any  kind  beneath  anything  already  completed. 

Upeet.    See  Stove-up. 

Valve* ;  various  devices  for  permitting  or  stopping  at  pleasure  the  flow  of  water,  steam,  gas,  *e. 
A  sArsTT  VALVB  Is  ouc  SO  balanced  as  to  open  of  itself  when  the  pressure  becomes  too  great  for 
safety.  A  sudb  valvi  is  one  that  slide*  backward  and  forward  over  the  opening  through  which  the 
flow  takes  place.  A  ball  valvb,  or  spherical  valve,  is  a  sphere,  which  in  any  position  fits  the  open- 
ing.  When  the  pressure  below  it  raises  it  off  from  its  seat.  It  is  prevented  tnm  rolliog  away  by 
BMans  of  a  kind  of  open  cagiitg  wbioh  surrounds  it.  A  cohical  or  ruprta  talvb  is  a  horizontal  slice 
of  a  cone,  which  fits  into  a  corresponding  conical  seat  made  in  the  opening.  In  rising  and  falling  it 
is  kept  in  position  by  a  vertical  valve-stem  or  spindle,  which  piasses  through  its  center,  and  which 
plays  through  guide  holes  in  bridge-pieces  plaeetl  above  and  below  the  valve.  A  trap,  clack,  flap. 
or  i>ooa  VALVt,  is  a  plate  with  hinges  like  a  door.  When  two  such  valves  are  used,  with  their  hinged 
edges  adjacent  to  each  other,  so  that  in  opening  And  shutting  they  flap  like  the  wings  of  a  butterfly, 
they  constitute  a  butterfly  valve.  A  thbottlb  valvb  is  one  which  when  closed  forms  a  partition 
across  a  pipe;  and  opens  by  partially  revolving  upon  sn  axis  placed  along  its  diameter.  A  botart 
TALVB  works  like  a  common  stopcock.  A  skivtino  valvb  la  one  which  lets  out  steam  under  water ;  and 
is  so  calleil  from  the  snifting  noise  thereby  produced.  The  port  valvb  is  the  sliding  one  which  ad- 
mit* steam  from  the  steam-chest  into  the  cylinders.  A  poublb  bbat,  or  doitblb  bbat  valvb  is  a  pe-  . 
onllar  one  with  two  seats,  one  above  the  other :  and  so  arranged  that  the  pressure  of  steam  or  water 
•gainst  it  when  shut,  does  not  oppose  its  being  opened.  A  cup  valvb  is  in  shape  of  an  inverted 
cylindrical  cup,  with  a  length  somewhat  greater  than  its  diameter.  Its  lower  or  open  edge  is  ground 
to  fit  the  seat  over  which  it  rests.  As  this  cup  rises  and  falls,  it  in  kept  in  place  by  a  cylindrical 
oaging  closed  at  top,  and  having  for  its  sides  four  or  more  vertical  pieces,  against  the  inner  sides  of 
which  the  sides  of  the  cup  play.  A  chbck  valvb  Is  any  kind  so  placed  as  to  check  or  prevent  the 
return  of  the  fluid  after  Iti  passage  through  the  valve  into  the  pipe  or  vessel  beyond  it. 

Vault ;  an  arch  long  in  comparison  with  its  span.    The  space  covered  by  such  an  arch. 

Veneer;  a  very  thin  sheet  of  ornamental  wood  glued  over  a  more  common  variety. 

Watneeot ;  a  wooden  facing  to  walls  In  rooms,  instead  of  plaster,  or  over  a  facing  of  plaster ;  usually 
not  more  than  3  or  4  feet  high  above  the  floor. 

Walee :  long  longitudinal  timbers  in  the  sides  of  a  ship,  coffer-dam.  caisson,  ftc. 

W'iUow :  a  water-wheel,  to,  is  said  to  wallow  when  it  does  not  revolve  evenly  on  its  journals. 

Wallower.    See  Trundle. 

WeM-plate,  or  raiaing-plate;  a  timber  laid  along  the  tops  of  walls  for  the  roof  trusses  or  rafters  to 
rest  on,  so  as  to  distribute  their  weight  more  equally  upon  the  wall. 

Warped;  twisted,  a*  a  board,  or  the  face  of  a  stone,  fto,  which  is  not  perfectly  flat.  To  warp;  to 
haul  a  vessel  ahead  by  means  of  an  anchor  dropped  some  distance  ahead.  To  flood  an  extent  of 
ground  with  water  for  a  short  time  to  increase  its  fertility. 

Waekhoardt  f  boards  nailed  around  the  walls  of  rooms  at  the  floor,  so  as  to  prevent  injury  to  the 
plaster  when  washing  the  floors. 

Washere ;  broad  pieces  of  metal  surrounding  a  bolt,  and  placed  between  the  faces  of  the  timber 
through  which  the  bolt  passes,  and  the  head  and  nut  of  the  bolt,  so  as  to  distribute  the  pressure  over 
a  larger  surface,  and  prevent  the  timber  ftom  being  crushed  when  the  bolt  is  tightly  screwed  up. 

Waste-wetr;  an  overfall  provided  along  a  canal,  Ac.  at  which  the  water  may  discharge  itself  in 
ease  of  beooming  too  high  by  rain,  Ac.    Sometimes  called  a  tumbllng-bay. 

Walek'tacUe ;  ropes  running  In  different  directions  fk-om  a  boat,  nod  used  in  bringing  it  into  a 
desired  position. 
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WmttrOktif  tiM  AkifiMi  trmwi  fi««i  wMA  ntm-wMtr  ae««ea4«  IntA  •  alma. 

Wmter-tnbU;  m.  wli^ht  proiectUm  «r  the  lower  aaMmrr  or  briekwork  oa  the  oatside  of  •  vmIL  aii4 
rMehtog  to  •  tew  feet  abnve  tlM  sroand  rarftwe,  aa  a  partial  pmteetioa  agaiaat  rain,  or  as  omament. 

Wtft ;  tbe  iMllaed  tiatbera  ahmg  whleb  a  resael  ^Mes  wImq  beiaf  laaaekM. 

ir««<Jk«r-6e«r(t«  ;  board*  a<ied  iostead  of  brieki  or  aaaoarr  fSar  tbe  ootafdes  of  a  baOdfaff.  or  brMre 
*e.    Tbej  are  nailed  to  rertleal  and  fneffaed  tada^r  ttabera :  and  any  be  either  rertlea]  or  hf>r. 
Wliea  hor,  ther  are  ao  placed  that  tbe  lower  edge  of  oae  overlaps  the  apper  edge  of  the  one  below. 
irbear«rt,tb«iredf«a«beald  be  taapMdaadgrMTed;aad  narrow  aHpa  he  nailed  orer  tbe  rertjoiQU.  ' 
to  keep  oat  rain,  *e. 

ITefr.  or  misr;  a  daai.  or  aa  orerfUI. 

WMt;  to  Jota  twa  pieeea  of  awtal  together  by  Aral  aoflenlBg  dwa  by  heat,  mad  then  hammeriBf 
tbeai  la  aantaet  with  eaeh  other.    In  this  operattoa  faxes  are  need. 

ITsir;  sea  **  batt-Jotat  " 

Wkmr/:  a  ierel  spaee  apea  whMi  tawtie  tyiag  along  Ms  sides  «aa  dieehatge  ttdreargees ;  or  tra^ 
wblsh  they  ean  rseelve  them. 

ir*««l-»ia«« :  the  dlstaiioe  from  eenter  to  eeater  froan  the  extreaw  front  wheels,  to  the  ^treme  hind 
ooea  In  a  looomotire,  ear.  *e. 

Wicket ;  a  small  door  or  gate  made  tn  a  larger  oae ;  as  the  sbatUe  or  ralre  in  a  loek-gate,  for  letting 
oat  the  water. 

iHiie*;  a  haadle  bent  at  right  angles,  and  ased  for  tamlag  an  axis;  that  of  a  oommon  grindstoae. 

Wind.    See  Out  of  wiad. 

Wtmden  ;  those  steps  (often  triaagalar)  in  a  stalreaae  by  arhteh  we  wind,  or  torn  angles. 

WtndluM  i  tb9  wheel  and  aide,  or  wineh  and  dram,  as  often  used  in  onramon  wells.  Ales,  a  harl* 
■eatal  siiaa  on  shipboard,  by  which  tlie  anchor  is  raised;  the  wiudlass  being  rerolred  by  means  of 
wooden  levers  called  hanuUpik**. 

Wing-damt  a  prvjeetion  carried  eat  part  way  aeross  n  shallow  stream,  so  as  to  foroe  all  Ae  water 
to  flow  deeper  through  the  channel  thas  coatracted. 

Wlmat ;  applied  in  many  ways  to  prsjeotlons.  Tbe  flanges  which  radiato  oat  from  a  gndgeoo  :  and 
by  which  it  la  fastened  to  the  shaft.  Small  baildiagi  prcjeettag  from  a  main  one.  The  wings  or 
luring  wing- walls  of  a  calvert  or  bridge. 

Wtmt-wnMt;  tlM  rstalniag>wails  which  flare  eat  ftrom  the  ends  of  bridges,  enlverto,  4e. 

Wiptr.    See  Oamb. 

Working'h«am.  or  w«lUng-heam ;  a  beam  vibrating  verttcally  on  a  roek>shaft  at  its  eenter.  as  seen 
la  soma  steam-engines ;  one  end  of  it  having  a  eeaneetion  with  the  plstoa-rod ;  and  the  otiier  end  with 
a  crank,  or  with  a  pamp-rod,  ko. 

Worm;  the  so-caUed  eadless  screw,  which  by  revolving  wHhoat  advancing  gives  motion  to  a  cog- 
wheel (worm-wheel),  the  teeth  of  which  catch  in  the  thread  of  the  screw. 

ITmtc*  ;  a  long  haadle  bariag  at  oae  ead  aa  eye  or  Jaw  which  may  catoh  bold  of  anything  to  be 
twisted  or  tamed  aroand.  as  a  screw-nnt.  *c.  WiMn  It  has  a  Jaw  which  by  means  ot  a  screw  ia 
•dapUMe  to  nnts,  to,  of  diSBrent  siaes.  it  is  a  monkey-wrench,  or  serew-wrendi. 
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The  nambers  refer  to  the  piufes.    In  the  alphabetical  arrangement,  minor 
Wor€l9,  as  "and,"  "between,"  "'In,"  "on,""  through,"  Ac,  are  n^l^lecteU. 

See  also  Glossary,  p  819,  Ac,  and  Tietble  of  Contents,  p  xxiii. 


Abrasion— Ang^le. 


Abrasion 

of  cement,  678. 

by  streams,  279/,  633,  Ac. 
Absorbent   bodies,  q;>eeiflc   gravity   of, 

381. 
Absorbents  for  nitro-glycerine,  602, 664. 
Absorption  by  briclts,  571. 
Abutment,  Abutments, 

of  arch,  697. 

batter  of,  699. 

courses  in,  inclination  of,  359, 700. 

of  dams,  286. 

foundations  for,  633,  Ac. 

line  of  thrnst  in,  359, 700. 

masonry,  quantity  in,  703. 

piers,  699. 

to  proportion,  607. 

nibble,  dimensions,  mle,  608. 

thickness  of,  rule,  097. 
Acceleration  810. 

of  gravity,  268,  311,  312,  362-364. 

on  inclined  planes,  368. 
Acid  fumes,  effect  of,  on  roofs,  428. 
Acre,  Acres, 

area  of,  389. 

required  for  railroads,  722, 

surveying,  168. 
Action  and  re-action,  8Q0. 
Adhesion 

of  cement,  677. 

of  glue,  460,  824. 

of  locomotives,  374a,  808,  809. 

of  mortar,  670. 

of  nails  and  splices,  425l»^  762. 
A<Unstment 

of  box  sextant,  195. 

of  clinometer,  206. 

of  compass,  195. 

of  error  in  survey,  168,  Ac 

of  hand  level,  205. 

of  level,  202. 

of  plumb  level,  206. 

of  slope  instrument,  206. 

of  theodolite,  193. 

of  transit,  191. 
Adjutages,  flow  through,  259i 


Admiralty  knot,  387. 
Air,  215. 

buoyancy  of,  284. 

compressed,  215,  648,  658. 
breathing,  215,  648,  Ac. 
in  diving  bells,  216. 
in  foundations,  647. 
in  rock-drills,  658. 

compressors,  658. 

lock,  648. 

in  pipes,  297. 

pressure.  215. 
barometer,  leveling  by,  207. 
of  compressed  air,  215, 648,  Ac 

slacking,  669. 

in  tunnels,  754. 

valves,  297. 

ventilation,    quantity    required    foi 
215. 

vessel,  298. 

weight,  215,  381. 

wind,  216. 
Alcohol,  weight,  381. 
Alioth,  178,179. 
Alligation,  36. 
Altitude.    See  Height. 
Aluminium,  weight,  381. 
Anchorages  of  suspension  bridges,  620 
Aneroid  barometer,  207. 
Angle,  Angles,  54. 

acute,  54. 

acijacent,  64. 

alternate,  55. 

arc,  angle  subtended  by,  141  &i. 

to  bisect,  56. 

blocks,  of  Howe  truss,  694. 

in  a  circle,  56. 

chords  subtending,  105. 

complement  and  supplement  of,  56. 

contiguous,  64. 

co-secants  of,  59. 

cosines  of,  59, 60. 

co-versed  sines  of,  59. 

defined,  54. 

deflection,  726-731. 

degree,  decimals  of,  mins  Ac  in,  67 

of  direction,  616. 

to  draw  a  given  angle,  66. 
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AdrIo.  Angles-— continned. 

to  draw  a  right  angle,  65. 

exterior,  interior,  Ac,  55. 

of  friction,3l8^,355, 371. 

frog,  781, 785,  Ac. 

given,  to  draw,  56. 

interior,  exterior,  Ac,  55. 

iron,  441,  442,  625. 

limiting,  of  resistance,  355. 

of  maximum  pressure,  687. 

to  measnre 
with  the  hand,  Ac,  58. 
with  the  sextant,  114. 
with  tlie  tape  line,  114. 
with  the  two-foot  rule,  Ac,  58. 

minutes  and  seconds  in  decimals  of  a 
degree,  67. 

obtuse,  54. 

opposite,  55. 

in  a  parallelogram,  57. 

in  pipes,  256. 

plates  for  rail-joints,  764. 

in  polyg(ms,  110. 

of  reflexion,  255. 

of  repose,  353. 

of  resistance,  limiting,  353,  355. 

right,  to  draw,  55. 

rule,  2-ft,  to  measure  by,  58. 

secant,  59. 

seconds  in  decimals  of  a  deg,  57. 

in  a  segment,  56. 

in  a  Hemicircle,  56. 

sines,  59. 
table,  60. 

of  sliding.  353,  355. 

of  slope,  724. 

on  sloping  ground,  113. 

subtended  by  arc,  141  b. 

supplement  and  complement  of^  56. 

switch,  773. 

tangent  of,  59,  60. 

tangential,  tables  of,  726-728. 

in  triangles,  110,  Ac. 

veraed  sines  of,  59. 

vertical,  55. 
Angular  velocity,  365. 
Animal  power,  377. 
Anthracite 

heat  from,  212. 

for  locomotives,  809,  Ac. 

weight  of,  381,  389. 
Annual  earnings,  expenses,  Ac.  SeeSam- 

ing8,  Expenses,  Ac. 
Auti-friotion  rollers,  374«,  792,  Ac. 
Antimony 

strength,  464. 

weight,  381. 
Anti-resultant,  822,  Ac. 
Apertures 

contiguous,  flow  through,  261. 

flow  through,  257,  Ac. 

shape  of,  eflect  on  flow,  260. 

in  thin  partition,  260. 
Apothecaries'  weight,  387. 
Applicatiou  of  force,  3U8,  318  e,  Ac. 

directioD  o^  3U8, 818  •»  Ao. 

line  of,  itL8g. 

oblique,  318  «,  Ao. 


Application  of  force — continned. 

point  of,  309, 318/,  Ac. 
Approach,  Velocity  of,  267  g. 
Aqueduct,  Aqueducts, 
flow  in,  268. 
Kutter's  formula,  271. 
Pittsburgh,  624. 
Arc,  ARis, 
clrcufar,  141. 

angles  subtended  by,  141  b. 

center  of  grarity  of,  361  a. 

chords  of,  105, 141. 

coHsecant,  59. 

cosine,  59. 
table,  60. 

co-versed  sine,  59. 

graduated,  189. 

large,  to  draw,  141  b. 

leitgths  of,  141. 

ordinates  of,  141  a,  726,  761,  78«. 

radii  of,  141  a. 

rise  of,  141a.  • 

secant,  59. 

sine,  59. 
table,  60. 

tables  of,  143-145. 

tangent,  59. 
table,  60. 

versed  sine,  50. 
elliptic,  149. 

circumference  of,  149. 

ordinates  of,  149. 

table,  150. 

tangent  to,  to  draw,  IfiO, 
parabolic,  152. 
semi-elliptic,  149. 

circumference  of,  1491. 

ordinates  of,  149. 

table,  150. 
Arch,  Arches,  093. 
abutments  of,  697. 
back  of,  defined,  603. 
braced,  strains  in,  592. 
brick,  622,  709,  712. 
bridge,  693. 
cast-iron,  599. 
centers  for,  711. 
concrete,  681,  e95,60fli 
crown  of,  defined,  693. 
derangement  of;  718. 
elliptic.  696,  Ac. 

Joint  in,  to  draw,  150. 
existing,  dimensions  of,  685. 
extrados,  698. 
face,  693. 
foot,  693. 
inti-ados,  693. 
keystone 

defined,  693. 

depth  of;  rules,  693,  Ac,  695. 
lever,  principle  of,  applied  to,  342. 
line  of  pressure  in,  369,  Ae,  700. 
line  of  resistance  in,  a59,  Aic,  70a 
line  of  thrast  in,  869,  Ac,  700. 
pressure  in,  694. 
pi-essure,  line  of,  359,  Ac,  700. 
radius,  to  find,  694. 
rise  of,  693. 
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Arch,  Arches — continued, 
roof,  600. 
rubble,  681,  696. 
skewback,  693. 
soffit,  693. 
span,  693. 
spring,  693. 
stability  of,  359,  fte. 
stones,  693. 
chamfering,  714. 
pressure  in,  694. 
pressure  of,  on  centers,  718. 
▼oussoir,  defined,  693. 
Archimedes  screw,  379. 
Area 
of  a  circle,  to  find,  123. 

tables,  125-140. 
crippling,  of  rivet,  471. 
sectional,  of  flange  in  beaaui,  518,  521, 

637. 
sectional,  of  tunnels,  754. 
sectional,  of  web,  in  beams,  618,  521, 

639,  540. 
of  surfaces,    dee  the  surface  in  ques- 
tion. 
Arithmetic,  33-36,  Ac 

decimal,  34,  36. 
Arithmetical  progression,  36w 
Artesian  wells,  627^ 
Artificial 
horizon,  195. 
islands,  661. 
stones,  466,  678,  681. 
Ascent.    See  Grade,  Height,  Slopes 
effect  of, 
on  power  of  horse,  375. 
on  power  of  locomotive,  808. 

strength.  434  e,  436, 463, 493. 

weight,  381. 
Ashlar  masonry,  cost  of,  687,  668. 
Asphaltum.  weight,  881. 
Atlas  powder,  661. 
Atmosphere,  216.    See  Air. 

buoyancy  of,  234. 

in  tunnels,  764. 

ventilation, 
quantity  required  for,  215. 

weight  of,  215,  381. 
Augers  for  earth  and  sand,  628. 
Automatic 

frogs,  784,  785. 

switch-stand,  775. 
Average  pressure  of  steam,  809. 
Avoirdupois  weight,  387. 
Axis.    See  the  given  surface  or  solid 

of  buoyancy,  235. 

of  equilibrium,  235. 

of  flotation,  236. 

neutral,  479,  485,  487. 
to  find  position  of,  487. 

of  symmetry,  235. 
Axle 

car.  813. 

driving,  of  locomotive,  808. 

friction,  374d,  374«. 

standard  dimensions.  Blaster  mechan- 
ics*, 813. 


B. 

Back,  Backs, 
of  arch,  defined,  693. 
of  retaining  wall,  683,  Ac. 
Backing  of  walls,  683. 
Back-titays  of  suspension  bridges,  616^ 

Ac. 
Bag-scoop  or  spoon,  632. 
Baggage  cars,  811. 

Bailing  by  bucket,  day's  work  at,  378. 
Baldwin  locomotives,  8U5-810. 
Ballast  for  railroads,  769. 

cost  of,  804. 
Balloon,  principle  of,  284. 
Balls,  weight  of,  398,  400,  416w 
Bar,  Bars, 
brass,  415. 
copper,  415. 
dredging,  631. 
iron,  weight  of,  400, 401. 
lead,  415. 
sand,  669. 
Barbed  fence,  803. 
Barometer, 
aneroid,  207. 
effect  of  latitude  on,  207. 
leveling  by,  207. 
pressure  of  air,  215. 
Barrel,  contents  of,  390. 
Barrow.    See  Wheelbarrow. 
Base,  wheel-,  of  locomotives,  &c.,  546, 

,    729,  731,  805,  Ac. 
Batter 
of  abutments,  699. 
of  retaiuing  walls,  685,  Ae. 
Ottered  walls,  685,  Ac. 
Beam,  Beams, 
angle  iron,  525. 
box,  537. 
breaking  loads,  constants,  491-493. 

formula,  488. 
cast-iron 
modifications  in  flections  of,  618. 
strength  of,  519,  Ac 
channel,  521,  &c. 

as  pillars,  441, 442,  456. 
closed,  486. 

concrete,  strength  of,  682. 
constant 
for  breaking  loads,  491-493. 
for  deflection,  506,  507,  500. 
continuous,  615. 
curved  beams,  484. 
curved  flanges,  580. 
cylindrical,  492, 407, 508, 511,  516. 
deck,  521. 

defldctions  of,  499,  506a-5l8. 
constant  for,  606-609. 
diiiienflions  for  a  given,  508,  510. 
load  for  a  given  5U5a,  tUS,  Ac,  6ia 
rulrt  for,  505a-511. 
under  sudden  luadmg,  43Vt  4^* 
table,  499,  600. 
dimeuHiou!*  of 
to  find,  497. 

for  a  )£iven  deflection,  508,  610. 
eUiscic  Umit  in,  606. 
elasticity,  modalos  o^  434«. 
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Beam,  Beam*— eontinoed. 
flaoj^es  of 
cunred,  530. 
oblique,  530. 
strains  in,  529,  537. 
gT»oit^504. 
Hodgkinson's,  518. 
hollow,  strength  ot,  61& 
I  and  channel,  521,  to. 

brick  arches  with,  522. 

deflecUous  of,  505  6,  522. 

as  pillars,  strength  of.  441, 442, 454. 

for  railroad  bridges,  524. 

separators  for,  523  6,  d. 

steel,  523  c. 
inclined,  341, 496. 
iron 

angle,  625. 

breaking  loads,  table,  602. 

cast,  518, 519. 

flanges,  strains  in,  529,  537. 

loads,  table  of;  502. 

rolled,  521,  Ac.  See  also  Be««ii«  I,  kc 

safe  loads  and  deflections,  500. 

and  steel,  loads,  table,  512, 513. 523,ftc. 

T,526. 

wrought,  521,  See.    See  Beams  I. 
irregularly  loatjled,  496. 
lerer,  principle  of,  applied  to,  340. 
limit  of  elasticity  in,  505. 
loads  on,  488.  See  also  Beams,  Strength. 

applied  irregularly,  496. 

applied  suddenly,  434/,  499. 

constants  for,  491,  493. 

formula,  488. 

for  a  given  deflection,  605  a,  608, 610. 

within  limit  of  elasticity,  506.' 
longitudinal  sections  of  495. 
modulus  of  elasticity,  434c. 
moments  in,  478-489, 628,  Ac,  637,  Ac. 
open,  528. 
plate,  537. 
resistance  of,  484. 
riveted,  537. 
rolled.     See  Beams  I,  Beams  Channel, 

Ac. 
shearing  strains  in,  532. 
of  solid  cross-section,  484. 
to  splice,  610. 
square,  on  edge,  494. 
steel  and  iron,  loads,  table,  612, 623,  Ac 
stone,  493,  504. 
strains  in  flanges  of,  f)29,  537. 
strains  in,  shearing  or  vertical,  532.^ 
strains  in,  vertical,  532. 
strength  of,  478,  Ac,  493.     See  also 
Beams,  Loads  on. 

affected  by  methods  of  supporting 
and  loading,  494, 496. 

when  loaded  irregularly,  496. 

practical  methods  for  finding,  491, 
Ac. 
suddenly  loaded,  434/  499. 
T-iron,  625. 
with  thin  webs,  528. 
tie-,  551,  Ac. 

timber.    See  Beams,  Wooden, 
tubular,  strength  of,  616. 


Beam,  Beams— 4sontiniied. 

vertical  strains  in,  532. 

wooden 
deflections,  table,  499. 
loads,  tables,  499,  502,  612, 613. 
for  railroad  bridges,  614. 
Bearing  piles,  641. 
Bearing  power  of  soils,  634,  644. 
Bearing  and  reverse  bearing,  171. 
Beech-wood,  strength,  434e,436»  463.493. 
Bell 

diving,  pressure  in,  216, 648,  Ac 
joint  for  pipes,  295. 
Belts,  leather,  strength  of,  466. 
Bending 

of   beams,   rules   for,    506-61B.      8e« 
Beams,  Deflections  o£ 

rails,  ordinates  for,  761. 
Bends  in  pipes,  256. 
Bents  in  trestles,  756. 
Bessemer  steel  ties,  760i 
Beton  concrete,  678,  681. 
Beveled  joints  for  rails,  763. 
Birch,  strength,  434s,  436,  463,  493. 
Birmingham  gauges,  410,  411. 
Bismuth, 

sti-ength,  464. 

weight,  381. 
Bitumen,  weight,  381. 
Bituminous  coal, 

for  locomotives,  809^  Ac. 

weight  of,  381,  389. 
Blake  stone-crusher,  680. 
Blasting,  651-666,  754. 
Blocks,  concrete,  679,  681. 
Board  measure,  table,  42Qt. 
Boat,  canal, 

cost  of,  376, 

traction  of^  376. 
Bodies,  Body.    See  the  body  in  qnostion. 

absorbent,  specific  eravity  of,  381,  384. 

center  of  gravity,  348,  Ac. 

defined,  306. 

expansion  of,  by  heat,  212. 

falling,  258,  362. 

floating,  234,  Ac. 

mass  of,  312. 

regular,  volumes,  Ac,  of,  164. 

rigid,  force  in,  306. 

rotating,  365. 

specific  gravity  of,  380t 

strength  of,  434-525. 

vibrating,  364. 

weight  of,  380. 
Boiler, 

incrustation  of,  top  of  218). 

iron,  402, 464. 

pressure,  809,  Ac. 

thickness  for,  233. 

tubes,  405. 
Boiling-point,  213,  217. 

leveling  by,  209. 
Bollman  truss,  586,  603. 
Bolster  plates,  514,  524,  644. 
Bolts,  406. 

copper,  strength  of,  408, 

expansion,  407.     , 

iron,  table,  408,  409. 
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Boltlen  rafl-joint,  767. 
Boring 

Artesian  wells,  627. 
»Qger8  for  earth,  626, 627. 

test,  626,  633. 

wells,  626. 
Borrow'pits,  to  measure,  165, 156. 
Bottom, 

heading,  754. 

of  stream,  scouriug  action  on,  279/. 

▼elocity,  268. 
Bowstring 

centers,  717. 

tmss,  strains  in,  588. 
Box 

beams,  537. 

cars,  811. 

center,  of  turntable,  792. 

drains,  707. 

girders,  537. 

sexUut,  194. 
Braced  arch,  strains  in,  592. 
Bracing, 

coanter,  549,  664,  714. 

lateral,  642,  610.  ' 

sway,  543. 
Brad  spikes,  762. 
Brake  friction,  374,  Ac. 
Branches  in  pipes,  296. 
Brandt  drill,  652. 
Brass 

halls,  weight  of,  416. 

bars,  416. 

compressibility  of,  434  «. 

dactility  of,  4346. 

effect  of  cement,  mortar,  ^,  on,  670, 
673. 

effect  of  water  on,  218. 

elastic  limit  of.  434  6^ 

expansion  by  heat,  212. 

friction  of,  873. 

modulus  of  elasticity,  434 «. 

pipes  and  tubes,  seamless,  417. 

sheets,  416. 

strength  o^  438, 464, 493. 

stretch  o^  434  «. 

tubes,  secunless,  417. 

weight  of,  381,  398-400,  401, 410,  415. 

wire,  410, 412. 
Breaker,  stone,  680. 

Breiilcing.    See  also  Strength  of  Mate- 
rials,  Ac. 

loads  for  beams,  Constanta  for,  481.   See 
Beams. 

moment,  479-484. 
BreiUhing, 

air  consumed  in,  215. 

in  diving-bells,  215,  648. 
Brick,  Bricks,  670,  671. 

absorption  of  water  by,  671. 

adhesion  to  cement,  677. 

adhesion  to  mortar,  670. 

arches,  522,  709,  712 

buildings,  cost  of,  668. 

cylindei-8,  sinking  of,  650. 

dust,  669. 

friction  o£S78. 

laying,  671. 


BoltleiMh- Br«keraire. 

Brick,  Bricks — continued, 
number  of,  in  a  sq  ft  of  wall,  671. 
strength  of,  437,  466,  493. 
weight  of,  881,  Ac. 
work,  671,  Ac. 

cylinders,  sinking  of,  650. 

incrustations  on,  673,  678. 

rod  of,  English,  672. 

strength  of,  compres^Te,  487. 

water,  to  render  iuipenrions,  672. 

weight  of  (under  Masonry),  883. 
Bridge,  Bridges.    See  also  Arch,  Beaai^ 
Girder,  Trestle,  Truss,  Ac. 
arch,  693. 

cast-iron,  599. 

centers  for,  711. 
brick,  709,  712. 

centers  for,  711. 
Brooklyn,  foundations,  649. 
camber  of,  607. 
cast-iron,  599. 
Ohestuut  St,  Phi  la,  599. 
East  River,  foundations,  649. 
&ctor  of  safety,  607. 
false  works,  608. 
floor  girders  for,  610. 
girder,  537-546. 
iron,  cast,  599. 

iron,  wrought.    Se*  TroBtes,  Ac. 
Joints,  470,  611,  613. 
loads  on,  greatest  probable,  606,  623. 
loads  on.  moving,  546,  564,  895,  Ac 
plate  girders,  537-546. 
repairs,  annual,  815. 
riveted  girders,  537-546. 
roadways,  drainage  of,  708. 
rollers,  expansion,  614. 
safety,  factor  of,  607. 
Severn  Valley,  599. 
stone,  603.    See  also  Arch. 

centers  for,  711. 
suspension.  615-Q25. 

cables  of;  412, 418,  616,  Ac. 
suspension  links,  614. 
swing,  593. 

friction  rollers  for,  706w 
truss,  547.    See  Truss. 
Whipple,  599. 
widtlis  of,  542,  609. 
Wissahickon,  Phila,  720. 
wooden,  514.    See  also  Truss,  TrtsUe, 
Ac. 
British 
Imperial  measure,  391. 
measures,  to  reduce  17  S  measnros  to, 

and  Tice  versa,  390. 
railroads,  miles,  Ac,  818. 
rod  of  brickwork,  389,  672. 
Broach  channeling,  658. 
Broken 
bubble-tube,  to  replace,  193. 
cross-hairs,  to  replace,  193. 
joints,  768. 
pipes,  296. 
stone  (see  also  Rublile). 

foundations,  634. 

voids  in.  380,  678, 761. 
Brokerage,  37. 
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Bronte 

weight,  381. 

pbunpfaor,  wire,  8tr«Dgth,  464. 
Brooklyn  bridge,  fouudatioBd,  649. 
Bruulee'8  iron  piies,  647. 
Bubble-tube,  to  replace,  193. 
Buckled  platea,  409. 
Builder's  level,  to  adjust,  206. 
Building,  Buildings. 

cost  <a,  per  e«biG  foot,  668. 

repairs,  railroad,  816. 
Buoyanoy 

of  air,  234. 

of  Uquids,  234-236. 
Burleigh  rock-drill,  657. 
Burnettizing.  425a. 
Buniham's  frost-proof  tank,  SOL 
Burr  truss,  601. 
Bursting 

of  pipes,  234,  298,  303. 

IH'essure  in  pipes,  239. 
Bushel,  volume  oi;  390. 
Butt-joint,  469. 
Buttresses,  692. 


Gable,  Otibles, 

number  of  wires  in,  412. 

Bta}^^,  616. 

ot  snspeosioo  brtdgea, 
dimensioDS  of,  616. 
strains  in,  61& 
Oaisson,  636. 

Brooklyn  bridge,  649L 
Oilking,  295,  Ac. 
Camber  of  trusses,  607. 
Gauibria  nut-lock,  765w 
Canal,  Canals, 

boats,  cost  of,  376. 

boats,  traction  of,  37a 

flow  in,  268,  Ac. 
Kutter's  formula,  244,  271. 

leakage  from,  222, 269. 

traction  on,  375. 
Cantilevers,  479-482,  494-496^  535»  693. 
Caps,  Masting,  665. 
Ctar,  Otrs,  811,  812. 

axles  of,  812. 

derrick,  750. 

earthwork,  749. 

friction  of,  374e,  806,  8I2L 

pile-driver,  642. 

repair,  cost  of,  815. 

resiBtattce  of,  374e,  808, 812. 

wheels,  765,  812. 

wrecking,  75a 
Carat,  386,  387. 
Cart,  Carts. 

earthwork,  742,  Ac,  747. 

excavating  (wheeled  scrapers),  747. 

road,  repairs  of,  743b 

rock,  removing,  752. 

ti-action,  375. 
Cartridge,  dyuajolte,  663. 

rack-a-rock,  664. 
Cast-iron.    See  Iron,  Cast. 
^^wtelU's  quadrant,  269. 


rough,  674. 

safety,  770, 779. 

weight  of,  by  sise  of  pattern,  398. 
Cattle-cars,  811. 
Cedar,  strength,  436,  463,  493. 
Ceiling,  weight  of,  553. 
Cellar  walls,  cost  of,  668. 
Cement,  673. 

abrasion  of,  678. 

brick-dust,  669. 

concrete,  678. 

expansion  of,  678. 

and  iron,  pipes  of,  294. 

for  leaks,  429,431. 

moisture,  effect  on,  673. 

mortar,  676. 

setting  of,  674. 

in  stone  bridges,  696. 

strength  of,  437,  466,  493. 

weight  of,  382,  674. 
Center,  Centers, 

for  arobes,  711. 

of  buoyancy,  235. 

of  circle,  to  find,  123. 

of  force,  3471. 

of  gravity,  348, 

of  gyration,  440. 

of  oscillation,  365. 

of  pei-cussion,  365. 

of  pressure,  227, 235, 847 1  700. 
Centigrade  theimoraeter,  213. 
Centimetre,  length  of,  392. 

cubic,  weights  per,  381. 
Central  forces,  368. 
Ceutriliigal  force,  368. 
Centripetal  force,  368. 
Chain,  Chains, 

Gunter's,  176. 

iron,  414. 

pump,  379. 

riveting,  470. 

surveying,  168, 176. 

of  suspension  bridges,  615. 
Chaining,  slope,  allowance  for,  113,  176L 
Chair,  r^road,  767. 
Chalk, 

stKengft]^  487. 

weight,  381. 
Chamfering  arch-stonee,  714L 
Gbaimel,  Chanwcto, 

flow  in,  268. 
Ki^or's  CDnaala,  244  271. 

iron,  521. 
as  pillars,  441, 442, 456* 
Channeling  in  rock,  658. 
Charcoal,  weight,  38L 
Cherry-wood,  weight,  381. 
Chestnut  St  bridge,  Phila,  590,  630. 
Chestuut-wood, 

strength,  434f,  436. 463^  48S. 

weight,  382. 
Chord,  Chords, 

ofarcs,tofind,  141. 

in  circles,  124, 141. 

long,  table,  729. 

natural  (to  radius  1),  table,  105. 

oftmseeB,  550, 588,  610, 612,  Ac 
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Ghnrn-drilliiig,  66L 

Circle,  GirclvH.  123.    See  also  Circular. 

angles  in,  56. 

areas  of,  te  find,  12^140. 

center  of,  to  find,  123. 

center  of  gravity  of,  348. 

chords  in,  124, 141. 

circumference,  to  find,  123»  133, 140. 
tables  of,  125-140. 

diameter,  tu  find,  123, 133, 140. 

to  draw,  123. 

great,  earth's,  144. 

mensuration  of,  123. 

radius  of,  123,141a. 

tables,  125-140. 

tangeuts  to,  to  draw,  124. 
Circular 

arc,  141.    See  also  Arc. 
tables  of,  143-146. 

cnnres  for  railroads,  726i. 

inch,  38». 

Inne,  146. 

motion,  365. 

ordinates,  141  a. 
tables,  726,  7*28, 761, 78«. 

rings,  146, 167. 

sector,  146. 
center  of  gravity  of,  351  c 

segment,  146. 
center  of  gravity  of,  351  dL 
table  uf;  147. 

spindle,  167. 

sone,  146. 
Circumference 

of  circle,  to  find,  123, 133, 14a 
tables,  125-140. 

of  ellipse,  149. 
Cisterns,  238|  800-S03. 
City 

water-supplv,  287. 
Civil  time^  395. 
Clamp,  Clamps, 

pouring,  for  pipe-joints,  294,  295. 

rod,  swiich,  771. 
Clay, 

effect  on  mortar,  670. 

in  foundations,  634 

loosening  of.  742. 

swelling  of,  by  absorption,  634. 
Clearing,  cost  of,  804. 
Clinometer,  206,724. 
Clock, 

to  regulate  by  star,  395. 

time,  395. 
Close  piles,  641. 
Cloth,  tracing,  438. 
Coal 

cars,  811. 

consumption  of,  by  steam-engines, 
806,  etc. 

corrosive  fumes  from.  403. 418, 

fur  locomotives,  805-810. 

oil,  weight  (Petroleum),  383w 

ton  of,  volume  of,  889. 

weight  of;  881,  389. 
Cocks,  corporation,  299. 
Coefficient,  Coefficients.  See  Strength,  ike 

lor  beams,  491. 


Coefficient,  Coefficients — continued. 

of  contraction,  261. 

for  deflection.  506,  507,  509. 

offt-|ction,3n. 

for  loads  on  beams,  491. 

for  loads  within  elastic  limit,  605. 

of  resistance,  485. 

of  roughness,  244,  272,  273. 

of  rupture,  485. 

of  safety.    See  Safety,  Factor  of. 

of  torsion,  476. 

for  transverse  strength,  491. 
Coffer-dam,  686,  637,  Ac 
Cog-wheels,  342. 
Cohesion,  463. 
Cohesive  strength,  463. 
Coignet  beton,  681. 
Coin,  Coins,  386^386. 
Coke,  weight,  381. 
Cold, 

effect  on  cement,  675. 
on  explosiveK,  661,  668. 
on  iron,  466  763. 
on  mortar,  VJiL 
on  trusses,  614. 
Collision,  318  e. 
Color,  Colors, 

of  cement,  674,  678. 

draughtsmen's,  438. 
Columns  (pillars).    See  PiUars. 

water,  NOl. 
Combination,  36. 
Commercial 

measures,  size  of,  by  weight  of  water, 
391. 

weight,  387. 
Commission,  37. 
Compass, 

to  adjust,  196. 

vaiiation  of,  196, 197. 
Compensating  reservoir,  290. 
Compensation  water,  290. 
Complement  and  supplement,  66. 
Component,  319,  &c. 
Comiiosition  of  forces,  819,  Ac. 
Compound 

interest,  87. 

levers,  342. 

proportion,  35. 
Qompressed 

air,  215,  648,  Ac,  658. 

gun-cotton,  064. 
Compressibility. 

of  air,  215. 

of  liquids,  236. 
Compressive  strength,  436.  Ac. 
Concrete,  678. 

beams  of,  strength  of,  682. 

beton  Coignet,  681. 

strength  of,  compressive,  437. 

under  water,  680. 

weight,  681. 
Concretions  in  pipes,  to  prevent,  292. 
Cone,  Cones,  160. 

center  of  gravity  ot,  351  §,  g, 

frustum,  160  a. 
ceuter  of  gravity  of,  361 «,  g* 
Conical  rollers,  792. 
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Conoid, 

parabolic,  167. 

fruBtum  of,  167. 
Consolidation  locomotives,  546,  806-810. 
Constants.    See  Coefficients. 
Construction. 

railroad,  722. 
cost  of,  804. 
Consumption 

of  coai  by  steam-engines,  806,  etc 

of  fuel,  effect  of  gradeis  on,  810. 
by  locomotives,  808,  Ac. 
Contiguous  openings,  Sow  thnmgh,  901. 
Continuous 

beams,  616. 

girders,  616. 
Contour  lines,  197. 
Contracted  vein,  268, 200. 
Contraction, 

coefficients  of,  261. 

by  cold,  212, 763. 

and  expansion  in  trasses,  allowance 
for,  614. 

incomplete,  269,  Ac,  263,  Ac. 
on  weirs,  263,  Ac 

of  outflow,  268,  260. 

of  rails,  763. 

of  water-way,  703. 
Contractor's  profit,  748. 
Contrary  flexure,  point  of,  616. 
Co-ordiuates,  rectangular,  331. 
Copper 

Ears,  416. 

balls,  weight  of;  416. 

compressibility  of;  434s. 

cost  of,  416-417. 

ductility  of.  434  «. 

effect  of  cement,  mortar,  Ac,  <ni,  670, 
673. 
of  water  on,  218. 

elastic  limit  of,  434  s. 

expansion  by  beat,  212. 

modulus  Of  elasticity,  434  s. 

pipes,  seamless,  417. 

roofs,  416. 

sheets,  415,  416. 

strength  of,  408,  438,  464,  476, 477. 

stretch  of,  434  «. 

tubes,  seamless,  417. 

weight  of,  382,  398,  399,  400,  401,  41Q, 
416,416. 
Cord  (funicular  machine),  326, 344. 

of  wood,  volume  of,  389. 
Cork,  weight,  382. 
Corporation  cocks  or  stops,  299. 
Corrosion, 

by  acid  fumes,  428. 

by  coal  fumes,  403,  418. 

of  tinibej,  prevention,  426. 

by  water,  218,  645. 
Corrugated  sheet-iron,  403. 
Co-secants,  69. 
Cosines,  60,  60. 

Cost  of  articles.    See  article  in  question. 
Co-tangeut,  69. 
Counter-bracing,  649,  664. 

of  centers,  714. 
Counter-forts,  692, 


Counter-scarp  revetment,  602. 
Counter-sloping  revetment,  602. 
Couples,  347  <L 
Couplings  for  pipes  and  tubes,  294,  Ac, 

405. 
Courses  of  masonry,  inclination  of;  683. 

700. 
Cover  in  a  butt-joint,  468. 
Cover-plate,  646,  Ac 
Co-versed  sines,  59. 
Cracks  in  pipes,  296. 
Creeping  of  rails,  763,  764. 
Creosote,  426,  769. 
Crescent  tnu»,  strains  in,  588w 
Crib,  Cribs,  656. 

coffer-diim,  638. 

dams,  cost  of,  286. 

foundations,  635. 
Crippling, 

of  beams,  478,  Ae. 

of  riveted  Joints,  471,  Ac,  639. 
Cross^girts,  turntables,  792. 
Cross-hairs,  to  replace,  193. 
Cross-section  paper,  4o3. 
Cross-ties,  759. 

cost  of,  804,  816. 
Crossings,  railroad,  repair,  annual,  816. 
Crowds,  weight  of,  606, 628. 
Crown 

of  arch,  defined,  093. 

(coin)  value  of,  386  b, 
Crumlin  viaduct,  76& 
Crusher,  stone,  680. 
Cinishiug 

loads,  436,  Ac. 

of  stone,  680. 
Cube,  Cubes,  41, 154, 166. 

center  of  gravity  of,  348,  Ac 

roots,  40. 
of  decimals,  to  find,  63. 
of  large  numbers,  to  find,  62. 
tables,  40. 

tables,  41. 
Cubic 

centimetre,  weights  per,  381. 

foot,  equivalents  of,  389. 
weights  per,  381. 

Inch,  equivalents  of,  389. 

me«8ure,  889. 
metric,  392. 

yards,  earthwork,  782,  Ac. 

yard,  equivalents  of,  389. 
Culvert,  Culverts, 

arches  for,  603. 

box,  707.  • 

foundations  of,  707. 

lengths  of,  702. 

quantity  of  masonry  in,  702,  Ac. 
Curvature  of  the  earth,  table,  115. 
Curve,  Curves.    See  Arc,  Circle,  Ellipse^ 
Parabola,  Ac. 

in  pipes,  255. 

railroad,  726. 
gauge  on,  729,  731. 
minimum  radius,  729,  781. 
tables  of,  726-731. 
in  tunnels,  754. 
in  turnouts,  786. 
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Onrred 

fl»nge8,  530. 
^     preset,  retaining  wallt,  602, 
Cnryilinear  motion,  366. 
Cuttings,  leTel,  782. 
Cycloid,  154. 

centei-  of  gravity  of,  351  d. 
OyUnd«r»  Cylinders,  156. 
briclcwork,  hollow,  in  fonndatione,  600. 
center  of  gravity  of;  348,  Ac. 
coutentt,  Ubl«,  157,  246.  Ac,  890. 
in    fonndationM,  647,  650.      Bee   alto 

FouudatiunM. 
fkruatum  of,  c-nter  of  gravity  o<;  :i48,  te. 
iron,  fuundatioua,  645. 

fricUon  of,  644. 
of  luoomoUvett.  805,  te. 

maaonry,  hollow,  in  fonndatioua,  650. 
plenum  procera,  648. 
pneumatic,  647. 
pressure  in,  232. 
steam,  809,  Ac. 
sinking,  for  ibundationa,  Ac,  647-650. 
strength  of,  232,  516. 
vaenmn  process,  047. 
Cylindrical 

beams,  492, 497,  503, 511,  616L 

riveted  sheet>iroii,  510. 
pUlars,  441,  442,  443,  Ac 
ungula,  159. 
center  of  gravity  o^  861  f. 
Oyma,  to  draw,  16L 


Dam,  Dams,  279e,  282,  287. 

coffer,  636,  637,  Ac. 

construction  of,  282, 636. 

discharge  over,  266. 

height  of  water  on,  267  e. 

leakage  through,  222,  288. 

pressure  on.  222,  Ac 

stability  of,  229. 

trembling  in,  286  5. 

walls,  229,  Ac,  691. 
Day,  395. 
Dead 

load,  cars,  811. 
bridges,  504,  etc. 

oil,  425. 
Decagon,  110. 
Decimal,  Decimals,  34,  S5.    See  Metric 

of  a  degree,  mins  and  sees  in,  57. 

of  a  foot,  inches  in,  table,  388. 

fractions  reduced  to,  34. 

roots  of,  53. 
Deck  beams,  521. 
Deflection,  Deflections, 

angle,  726-731. 786. 

of  beams,  505  a,  Ac.  See  Beams,  D^s  of, 

distances,  tables,  720-728. 

of  shafting,  510. 

of  suspension  bridges,  615. 

of  trusses  (camber),  607. 

of  turnouts,  785. 

of  turntables,  791,  Ac. 

of  latitude,  length  of,  144^  388. 
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Degree— continued. 

of  longitude,  length  of,  387, 388. 

mins  and  sees  in  decimals  of,  57. 
Dekametre,  302. 

chord  of  2  dekams,  curve,  table,  728. 
Demi- revetment,  602. 
Density,  314. 

Departures  and  latitudes,  168. 
Depot,  railroad,  cost  of,  804. 
Depth,  Depths, 

on  dams,  267  e. 

flow  at  different,  237,  Ac,  268. 

hydraulic  mean,  272. 

of  keystone,  603,  Ac. 

pressures  at  different,  223,  Ac,  286  5. 

of  rain-fall,  220. 
Derrick  car,  750. 
De  Vout*s  switch-stand,  770. 
Dew-point,  215. 
Diagonal 

bracinff,  542,  Ac,  008. 

of  parallelogram,  67, 119. 

of  trapesoid,  Ac,  120. 

of  truss,  547,608. 
Diagram,  Diagrams, 

offerees,  320,  Ac 

for  Kutter's  formula,  278. 

of  loads,  moving,  546. 

of  moments,  482, 483. 

of  pressure  of  water,  240. 

of  trusses,  561,  Ac 
Dial,  to  make,  397. 
Diameter,  Diameters, 

of  bolts,  406. 

of  cirele,  to  find,  123, 133,  134, 140. 

of  pipes,  245,  Ac,  248,  405,  416. 

of  rivets,  for  safety,  471,  Ac,  539. 

square  roots  of,  247. 

of  wire,  410,  Ac. 
Diamond  drill,  652. 
Diffusion  of  Ibrce,  224,  227,  »!«. 
Dimensions.    See  the  article  in  question. 
Direction,  angle  of;  615. 
Discharge 

through  adjutages,  259. 

through  apertures,  267,  Ac 

through  channels,  268,  Ac. 

through  contiguous  c^>ening8,  261. 

over  dams,  266,  Ac. 

head  for  a  given,  to  find,  248. 

through  notches,  267  j. 

through  pipes,  236,  Ac. 

through  sewers,  279c. 

through  short  tubes,  269. 

through  thin  partition,  260. 

over  weirs,  266,  Ac. 
Discount,  37. 
Distance,  Distances, 

fh>g,  785,  Ac. 

polar,  of  North  star,  177. 

by  sound,  211. 
Distributing  reservoirs,  290. 
Distribution  of  pressure 

in  plane  surfaces,  231o. 
Diving-bell,  pressure  in,  216b 
Diving  dress,  651. 
Docks,  concrete  for,  679. 
Dodecagon,  110. 
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Dodecahedron,  154. 
Bollftr,  386. 

U  8,  weight,  Ac,  of;  386. 

▼alae  of,  in  different  countries,  885  b. 
Doable 

float,  269. 

riveting,  468. 

rale  of  three,  35. 

shear,  470, 476. 
Draft 

of  borae,  375, 377,46. 

ofkKoiDotiTe,808. 

of  jewels,  236. 
Drag  Mrnqpers,  747. 
Drain,  DrafaM, 

area  drained  by,  279cu 

box  drains,  707. 
-  foondatioDa  of,  707. 

pipe,  279<i. 
Drainage 

of  roadwa JB  of  bridges;  Ac,  706. 

sewers,  279c. 

of  tvnneli,  754. 
Praw-bridge,  strains  in,  608. 
Drawing  materials,  433L 
Drawn  pipes  and  tabes.  417. 
Dredge,  631. 

land,  750. 
Dredging,  631. 

by  screw-pan,  647. 
Dress,  diving,  651. 
Dressing  of  stone,  667. 
Drill,  Drills, 

chum,  651. 

jumper,  651. 

machine,  652. 

rock,  651,  *c 
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Drilling, 

Artesian  wells,  027. 

rock,  6»-lt58. 

tnnnel,  754. 
Driving 

axles,  808. 

tires,  806. 

wheels,  806,  Ac. 
weights  on,  546,  bM,  805,  Ac. 
Drop  Umbers,  284. 
Dry 

drains,  707. 

measure,  3001 

rot,  425. 
Dnalin,  664. 
Dacat,  vsilue  of,  385  b. 
Ductility,  434  a,  Ac 
Dump-cnrs,  811. 
Duodecimals,  35. 
Dynamic  rock-drill,  667. 
Dynamics,  306. 
Dynamite,  662. 

E. 

B  and  W  line,  to  run.  171. 
Sarnings,  railroad,  814,  Ac 
Enrth, 

augers  for,  626,  Ac. 

bearing  power  of,  634. 


Earth— continued. 

blasting  of,  663. 

boring  of,  626. 

cars  (durap-cars),  811. 

curvature  of,  table,  116. 

friction  of,  375,  602. 

hauling  of,  743. 

heat  of,  215. 

leakage  through,  222,  288L 

leveling  of,  743. 

loosening  of,  742. 

natural  slope  of,  6S7,  690. 

pressure  of,  687. 

shoveling,  742. 

shrinkage  of,  741. 

slope  of,  natural,  687, 090. 

spreading  of,  743. 

supporting  power  of;  634. 

weight  of,  382.    - 

work,  732-753. 
cost  of,  742,  804. 
cubic  yards  of,  732. 
in  tunnels,  754. 
volume  of,  732. 
East  River  bridge,  foandatkMUi  of;  848L 
Bast  and  west  line,  to  run,  17L 
Basting,  168. 
Eclipse  rock-drill,  654. 
Economizer  rock-drill,  656. 
Edge  Moor  turntable,  793. 
Effective  cro«s-«ectioB,  538. 
EfOorescence,  673,  678. 
Blastic  limit,  434 (i,  504. 
Elastic  ratio,  434  d. 
Elasticity, 

limit  o^  434  <i,  506. 
in  beams,  505. 

modulus  of,  4346. 
Electiic  blasting  machines,  665. 
Elevation  of  outer  rail  in  curves,  720 
Ellipse,  149,  150. 

areii  of,  150. 

center  of  gravity  of,  348,  Ac. 

to  draw,  150. 

false,  to  draw,  151, 

ordinates  of,  149. 

tangent  to,  to  draw,  150. 
Ellipsoid,  166. 

center  of  gravity  of,  348,  Ac 
Elliptic 

arc,  149. 
ordinates  of,  149. 
table  of,  150. 

arch,  696. 
joints  in,  to  draw,  150. 

ordinates,  149. 

'Dint   WOOQ 

strength,  434«,436,468»  493. 

weight,  382. 
Elongation 

by  heat,  212. 

of  North  star,  177, 178, 

under  tension,  434  a,  Ac 
Embankment,  732-753. 

cost  of,  742,  804. 

shrinkage  of,  741. 

volume  of,  732. 
End-wheels  of  turntables,  79S. 
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Ihiergy,  318  a. 
kinetic,  318  a. 
potential,  318  d, 
£ngine 

locomotiTe,  805-«ia 
dimensions,  865,  Ac. 
-weight,  805,  Ac. 
performance,  8(^. 
pnmping,  801. 
English  cement,  673. 
Knglish  rod  of  brick-work,  889, 672. 
Enlargement  in  pipes,  efiect  of,  257. 
Entry  head,  237. 
Equality  of  moments,  338. 
Equation  of  payments,  37. 
Equilibrium 

of  floating  bodies,  axis  of,  286). 
of  forces,  338. 
indifferent,  235,  348i 
of  moments,  338. 
stable,  235.  348. 
unstable,  2:^,  348. 
vertical  of,  235. 
Equipment,  railroad,  cost  of,  804^  814,  &c. 
Erection  of  trusses,  008. 
Establishment  of  a  port,  219. 
Enrope,  railroad,  miles  of,  818. 
Evaporation,  222,  269. 

by  locomotives,  803»  809. 
Even  Joints,  763. 

Excavating  carts  (wheeled  scrapersX  747. 
Excavation,  732>753. 
cost  of,  742,  804. 
cubic  yards,  732. 
in  tunnels,  754. 
volume  of,  732. 
Excavator,  steam  (land  dredge),  750. 
SxpansioB 
bolts,  407. 
of  cements,  678. 
by  heat,  212.    Bee  Heat, 
of  rails,  763. 

in  tmsses,  allowanoe  Ibr,  €14 
steam,  809. 
Exi>ense,  Expenses, 
fuel,  815. 
locomotive,  810, 
railroad,  814,  Ac. 
telegraph,  815.' 
train,  815. 
Exploders  for  blasting,  665. 
Explosive,  Explosives,  660,  Ao. 
foreign,  664. 
freezing  of,  661,  663. 
gelatine,  665. 
modern,  661. 
Express  cars,  811. 
Extrados,  603. 
Eye  bars  and  pins,  612. 


Face 

of  arch,  693. 

wall,  683. 
Facing  switch,  770. 
Factor  of  safety.    See  Safety,  factor  of. 

for  piles,  644. 


Factpr  of  safety— continued. 

for  pillars,  442,  446. 

for  truss  bridges,  607. 
Fahrenheit  thermometer,  213. 
Fall,  Falls, 

rain,  220. 

required  for  a  given  discharge,  274,279b. 

in  sewers,  279c,  Ac. 
Falling  bodies,  258,  H62. 
Falling  water,  horse-power  ot,  280. 
False  ellipse,  to  draw,  151. 
False  works,  608. 
Fascines,  650. 
Fatigue  of  materials,  436. 
Faucet  in  pipe-joint,  295. 
Fellowship  (partnership),  37. 
Fence,  803,  816. 
Ferrule  £(»-  water-nipe,  299. 
Fifth 

powers,  261. 
square  roots  of,  253. 

roots,  251. 
Figure,  Figures,  110,  Ac. 

center  of  gravity  of,  348,  Aa 

defined,  54. 

to  draw,  121,  Ac. 

to  enlai^,  122. 

irregular,  area  o^  to  find,  122. 
Filling,  spandrel,  693. 
Filtration,  222. 
Finish,  hard,  426. 
Fink  truss,  574,  578-^80,  584, 603. 
Fir,  strength,  460,  463. 
Fire,  Fires, 

heat  of,  212. 

hydrant  (fire-plug),  304. 
-proof  floors,  522. 

Firing,  simultaneous,  of  blasts,  665. 
Fish-plates,  764. 
Fisher  rail-joints,  766,  767. 
Fittings  for  pipes,  293,  Ac,  405. 
Flagging,  strengtli,  constants  for,  493. 
Flange,  Flanges, 

curved,  530. 

oblique,  530. 

strains  in,  529,  537. 

strains  in,  in  riveted  girderp,637. 
Flexible  joints  for  pipes,  296. 
Flexure,  contrary,  point  of,  515. 
Floating 

bodies,  234,  Ac. 

mills,  280. 
Floats,  268, 269. 
Floor 

beams.    See  Beam. 

buckled  platos  for,  409. 

fire-proof.  522. 
girders,  545,  Ac,  610. 
glass,  432. 
loads  on,  606,  623. 
weight  of,  653. 
Florin,  value  of,  386  b. 
Flotation,  234,  Ac. 
Flow 
through  adjutages,  259. 
through  apertures,  257,  Ac. 
in  channels,  268,  «4c 
through  contiguous  openings,  261. 
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F]ow'<M>iitiDiied.  • 

full,  259. 

Kutter's  fonnula,  244,  271. 

obstroctions  to,  279e,  &c. 

in  pipes,  236,  Sue. 

in  sewers,  279c. 

in  streams,  268,  Ac. 

through  short  tubes,  259. 

in  syphons,  241,  Ac. 

through  thin  partition,  260. 

in  troughs,  263. 
Fluid,  Fluids, 

friction  of,  374c. 
Follower,  in  pile  driving,  646. 
Foot, 

cubic,  equiralents  of,  389. 
of  substances,  weight  of,  381. 

decimals  of,  inches  in,  table,  888. 

pound,  316. 

spherical,  equlTalents  o^  389. 
Force,  Forces, 

application  nf,  point  of.  309,  318/  Ae. 

wnter  of,  227.  236,  347  i,  700. 

oentrifngiit,  368. 

eentripetMl,  368. 

comp.Miition  of,  319,  Ac. 

defined,  308. 

in  different  planes,  332,  Ac. 

diffusion  of.  231  a. 
through  liquids  227. 

equilibrium  of.  338. 

imparted,  318  e. 
gradually,  311. 

on  incline<l  pUnes,  352,  Ac,  863. 

living,  318  a. 

measure  of,  310.  314. 

momentum.  318  c. 

obliquely  applied,  318  e. 

parallel,  347. 

parallelogram  of,  320,  Ac. 

parallelopip'd  of,  333. 

point  of  application  of,  309,  318/,  Ac. 

polygon  of,  329. 

resolution  of.  319.  Ac. 

in  rigid  bodie^  306. 

"single,"  « triple,"  Ac,  capi,  665. 

In  truss<%  551. 

work,  316. 
Forcite,  664. 
Foreign  coins,  385  h. 
Foreign  explosives,  664. 
Formula.    See  also  the  giveD  problem. 

Gordon's,  439. 

Kutter's,  244,  271. 

prismoidal,  161. 
Foundations,  63:^. 

of  arches.  693. 

artificial  islands,  651. 

brick  cylinders,  650. 

Brooklyn  bridge,  649, 

caissons,  636. 

car  pile-driver,  642. 

for  centers,  711. 

in  clay,  684. 

close  piles,  641. 

coffer-dams,  636,  637,  Ac, 

coiii:rf>tp,  680,  6ttl. 

crib,  635. 


Foundations— continued, 
of  culverts,  707. 
cylinders,  646-647. 

brick,  660. 

plenum  process,  648. 

vacuum  process,  647. 

with  concrete,  679. 

friction  of,  644, 646. 

masonry,  660. 

with  piles  inside,  651. 
diving  dress.  651« 
of  drains,  707. 
East  River  bridge,  640. 
foscines,  660. 
on  gravel,  634. 
grillage,  641. 
iron  cylinders,  645-647.    See  Fonnd* 

tions.  Cylinders, 
iron  piles,  645.    • 
islands,  artificial,  651. 
leveling  by  concrete,  680. 
loads  for,  634. 
masonry  cylinders,  650. 
Nasmyth  pllenlriver,  642. 
Pierre  perdue,  634. 
pile,  piles,  626, 640. 

adhesion  of  ice  to,  645. 

bearing,  641. 

blasting  of,  663. 

in  cylinders,  661. 

drivers.  379,  641,  642. 
car,  642. 
gunpowder,  641. 
Nasmyth,  642. 

driving,  by  jeto,  646. 

factor  of  safety,  644 

friction  of,  644. 

grillage,  641. 

beads  for,  645. 

hollow,  647. 

ice,  adhesion  t^  645. 

iron,  645. 

loads  for,  648. 

Mitcheirs  screw,  646. 

•and,  626,  650. 

screw,  646. 

sheet,  641. 

shoes  for,  644. 

sustaining  power  of;  643. 

water-jet  for  driving,  646, 

withdrawal  of,  646. 
plenum  process,  648. 
pneumatic,  647,  Ac. 
random  stone,  634. 
of  retaining  walls,  692. 
rip-rap,  684. 
on  sand,  634. 
sand  piles,  626, 650. 
sand  pump,  650. 
screw  piles,  645. 
sheet  piles,  641. 
sustaining  power,  684,  64a 
for  trestles,  756. 
for  turntables,  791, 
vacuum  process,  647. 
Four-way  stop-valve,  802, 
Fractions,  38. 
addition,  Ac,  of,  88* 
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VraotioQs— continued. 

decimal,  34. 

greatest  common  dirtaor,  88. 

lowest  terms,  to  reduce  to,  83. 
Fraoc,  value  of,  386  b. 
Franklin  Inst  standard  dimensions  of 

bolts,  Ac.,  406. 
Freeseing 

of  cement,  675. 

of  dynamite,  663. 

of  ezplosives,  661,  kc 

of  mercury.  213. 

of  mortar.  672. 

of  nitroglycerine,  661. 

in  pipes,  203. 

behind  retaining-walls,  684. 

ia  stand-pipes,  298. 

Id  track  tank,  how  prevented,  802. 

of  water,  217. 
Freight 

cars,  811,  812. 

earnings,  814. 

expenses,  814.  &o. 

locomotives,  806-810. 

ton-mile,  809,  Ac,  814,  Ac. 

train  expense,  815. 
French 

measures,  301,  393. 

weiglits,  393. 
Freybnra'  suspension  bridge,  622. 
Friction,  363,. "ITO. 

angle  ot  318^,  856,  871. 

axle,  374d. 

ofcar8,374e,80e. 

coefficients  of;  371,  Ac 

of  earth,  375,  692. 

at  feet  of  rafters,  366. 

head,  237,  248. 

on  inclined  planes,  362-361,  864. 

of  iion  cylinders,  644. 

Journal,  374A 

kinetic,  370. 

launching,  3740. 

Morin's  laws,  372. 

of  masonry,  378,  375,  608. 

of  piles,  644. 

in  pipes,  257. 

of  pivots,  ,371. 

In  pumping  midns,  267. 

rollers,  374«,  792,  Ac. 

roUing,  3746. 

stotic,  370. 

of  walls,  688. 

of  water,  257,  374c. 
Frictional  stability,  362-361. 
FritKSche  turntable,  7M. 
Frog,  Frogs,  780-786. 

angle  of,  781,  786,  Ac. 

distance,  785. 

length,  781. 

number,  781,  786,  Ac. 

point,  781. 
Frost-jacket  in  flra-hydrant,  304. 
Frost-proof  tank,  801. 
FroKen.    See  Freesing. 
Frustum, 

center  of  gravity  of,  348,  Ao. 

of  cone,  160  a. 


Frustum— continued. 

parabolic,  162. 

of  paraboloid,  167. 

of  prism,  155. 

of  pyramid,  160  a. 
Fuel, 

coal,  809,  Ac 

consumption  by  locomotive,  800L 
effect  of  grade  on,  810,  Ac. 

expense,  of  locomotives,  810,  816. 

griides,  effect  on  consumption,  810,  Ac 

wood,  810,  Ac  r     -^     "» 

Fulcrum,  336. 
Full  flow,  269. 
Fumes, 

add,  effect  on  roof^  428. 

coal,  effect  on  iron,  403, 418. 
Funicular  machine,  326,  344. 

Q-. 

Gallon,  990,  391. 
Galton's  experiments,  374. 
Galvanic  action  in  water-pipesi  298. 
Galvanised 

iron,  403. 

pipes,  299. 
Gas,  weight  of,  381,  Ac 
Gasket,  295,  Ac 

to  prevent  washing  into  pipe,  296, 296. 
Gates  for  water-pipes,  301. 
Gauge,  Gauges, 

Birmingham,  410,  411. 

hook,  266. 

narrow 
cars  for,  811. 
car-wheels,  812. 
locomotives,  806,  Ac 
statistics,  818. 

railroad,  773,  814. 
on  curves,  729,  731. 

Stub's,  411. 

stuff;  426. 

wire,  410,  411,  412. 
Gauging  of  streams,  268,  Ac 
Gautliey's  pressure  plate,  269. 
Gearing,  342. 
Gelatine,  explosive,  665. 
Genesee  viaducts,  766,  767. 
Geographical  mile,  387. 
Geometrical 

progression,  36. 

similarity,  64. 
Geometry,  64. 
German  cement,  673. 
Giant  powder,  664. 
Gin.  378. 
Girder,  Girders.    See  also  Beam. 

liox  and  plate,  537. 

continuous,  615. 

floor,  545,  Ac,  610. 

riveted,  6,37. 

transverse,  545,  Ac,  610. 

of  turntables,  791,  Ac. 
Glass,  431. 

compressibility,  434  s. 

dimensions,  Ac,  431. 

ductility,  434  «. 
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O  laes—ooDtinned. 

einstic  limit,  434  c 

expansion  by  beat,  212. 

friction  of,  373,  Ac. 

modulus  of  elasticity,  434«. 

prices  of,  432. 

strength,  432,  437, 466, 403^ 

stretch  of;  434  41 

weight,  431. 
O losing,  431. 
Glol>e,  162, 163. 
Glossary  of  terms,  819. 
Olue,  adliesion  of,  466. 
Glycerine,  nitro-,  661, 
Gneiss,  weight,  382. 
Gold, 

strength,  464. 

value,  886. 

weight,  382,  386. 
Gondola  cai-s,  811. 
Gordon's  formula,  4^. 
Grade,  Grades, 

allowance  for,  in  chaining,  176. 

contour  lines,  197. 

effect  on  fuel  consumption,  810, 
on  horse,  376. 
on  locomotive,  808. 

hydraulic,  240. 

resistance  of,  808. 

of  roads,  376»  723. 

of  sewers,  279c,  d. 

tables  of,  176,  354. 723,  724, 725. 

traction  on,  376^868. 

in  tunnels,  754. 

on  turnpikes,  723. 

of  water-pipes,  290. 
Grading,  cost  of,  742,  Ac.,  804. 
Gramme,  385  a,  393. 
Granite, 

beams,  504. 

cost  of  blocks,  667. 

expansion  by  heat,  212. 

rubble,  cost  of,  668. 

strength  of,  437, 493,  504. 

weijrht,  383. 
Gravel, 

boring  in,  626. 

dredging  in,  631. 

for  foundations,  634. 

natural  slope  of,  690. 

weight,  382. 
Gravity,' 

acceleration  of,  258,  311,  312,  362, 363. 

center  of,  348,  Ac. 

on  inclined  planes,  363. 

line  of,  350. 

plane  of,  350. 

specific,  380. 
Great  Bear,  179. 

Great  Britain,  railroads  in,  miles  of^  818. 
Greenleaf  turntable,  795. 
Greenwood  switch-stand,  772. 
Grillage,  641. 
Ground  lever,  772. 
Grout,  670. 

Grubbing,  cost  of,  804. 
«MHrd  rails,  774,  779,781. 
'e>u  374<(,8a4. 


Guide-rails,  774,  779, 781. 
Gun-cotton,  compressed,  661. 
Gun  metal,  strength,  464. 
Gunpowder,  660. 

pile-driver,  641. 

weight  of  (under  Powder),  384. 
Guntei-'s  chain,  176, 387. 
Gutta-percha 

pipe,  294. 

weight  of,  382. 
Gypsum  process,  425a. 

weight,  382. 
Gyration, 

center  of,  440. 

radius  of,  366^  440, 538, 540. 

H. 

Hairs,  cross,  to  replace,  193. 

stadia,  190. 
Hand  level,  205. 
Hard  finish,  426. 
Haul,  mean,  743. 
Hauling,  375,  377,  Ac,  743, 747. 
Head,  Heads, 

block,  771. 

of  bolts,  406. 

entry,  237. 

friction,  237,  248. 

for  a  given  discharge,  to  find,  248. 

for  a  given  velocity,  to  find,  945, 218 

for  piles,  644. 

plate,  771. 

pressure,  239. 

required  (or  bends,  Ao,  256. 

theoretical,  258. 

tripod,  189. 

velocity,  237. 

virtual,  258, 280. 

of  water,  223,  237,  Ac. 

for  wator  supply,  290,  Ao. 
Heading  in  tunnel,  754. 
Headway  in  bridges,  600. 
Heat, 

of  the  air,  215, 

conduction  of,  by  air,  215, 

effect  of,  on  cement,  675. 

expansion  of  air  by,  216. 
of  rails  by,  »2, 7«a. 
of  solids  by,  212. 
of  surveying  chains  Jby,  168. 
of  ti-usses  by,  614. 

of  fires,  212. 

subterranean.  215. 

thermometer,  213. 
Hecla  powder,  064. 
Heel 

of  frog,  781. 

of  switch,  771,  774,  786. 
Height, 

effect  on  temperature,  216. 

effect  on  weight,  312,  368. 

to  find,  by  iMutMnetor,  207. 
by  boiling  point,  200. 
by  trigonometry,  113, 

of  locomotive  sntoke-staok,  805,  Ao. 

of  water.    See  Head. 
Hemisphere,  center  of  gravity  of,348,  Aq 
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Hemlock, 

strength,  436,  460, 476,  408. 
weight,  382. 
Hemp  ropes,  414. 
Heptagon,  110. 
Hercales  i>owder,  664. 
HoxHgon,  110, 121. 
Hickory, 
strength,  436,  463,  493. 
weight,  3S2. 
High  explosives,  661. 
Ilodgkinson  beams,  518. 
Holes 
for  blasting,  651. 
boring,  in  earth,  626. 
boring,  in  rock,  661. 
Hook-gauge,  '266. 
Hook-head  spikes,  762. 
Horizon,  fltrtificiai,  195. 
Horizontal 

defined,  115. 
Horse,  Horses, 
power  of,  376,  801. 
-power,  818,  377. 
of  iklling  water,  280. 
of  running  streams,  280. 
pumping,  day's  work,  801. 
-walk,  diameter  of,  377. 
weight,  377. 
House,  engine,  cost,  799. 
Howe  truss,  694. 
Hydrant,  fire  (fire-plug),  304. 
Hydraulic,   Hydraulics,    236.     See   also 
Water,  How,  Velocity,  Discharge, 

cements,  673.    See  also  Cement. 

dams,  229,  266,  279e,  282. 

grade-line,  240. 

lime,  673. 

mean  d^vth,  272. 

radius,  244,  272. 

ram,  280. 

weirs,  229,  266,  279e,  282. 
Hydrogen,  specific  grarity  of;  382. 
Hydrometric  pendulum,  269. 
Hydrostatic,  Hydrostatics,  222. 

press,  227. 


I  beMDS,  621,  Ae. 

as  pillars,  441,  442, 454. 

see  Beams,  L 
Ice,  217,  *c. 

adhesion  to  piles,  646. 

blasting  of,  663. 

in  staud-pipes,  298. 

strtingih  of,  compressive,  437. 

weight,  217,  S8X 
Tcnsahedruu,  164. 
Impact,  318  e. 
Impartation 

of  force,  308,318  a 

ot  velocity,  graduaL  311. 
Imperial  measure,  British,  d9L. 
Iinpuliie,  313. 
lucb,  Inches, 

circular,  889k 


Inch,  Inches — continued, 
cubic,  equivalents  of,  389. 
in  decimals  of  a  foot,  388. 
fractions  of,  onnmon  and  dedmal,  34. 
of  rain,  221. 

spherical,  equivalents  of,  389. 
Inclinatipn.    See  Grade, 
of  courses  in  masonry,  683,  700. 
tables  of,  176,  354,  723-726. 
in  tunnels,  761. 
Inclined 
beams,  341,  480,  496. 
plane,  352,  Ac,  863. 
descent  on,  363. 
ropes  for,  413,  414. 
stability  on,  362-361. 
tables,  176,  364,  723-725. 
velocity  on,  368. 
Incomplete  contraction,  263. 
Incrustation 
ofbcrflers,  topof  218. 
of  walls,  673,  678. 
India-rubber,  weight,  383. 
Indifferent  equilibrium,  235, 848. 
Inertia,  314. 

moment  of,  366,  486,  487. 
Ingersoli  ruck-drill,  654. 
Initial  pressure  of  steam,  809. 
Instability,  235,  348,  856. 
Insurance,  37. 
Interest,  37. 
Intradus,  defined,  693. 
Iron 
angle,  526. 
beams  of,  525. 
pillars  of,  Ml-442. 
strength  of,  transverse,  526. 
balls,  weight,  416. 
bars,  weight,  400,401. 
beams.    See  Beams,  Iron. 
bla8thigof,663. 
bolts,  406-409. 
bridges,  cast,  699. 
bridges.    See  Trusses,  Bridge,  Ac. 
buckled  plates,  409. 
cars,  811. 
cast 
beams  of,  modification  in  sectMMis  of, 

618. 
beams  of,  strength  of,- 519. 
bridges,  699. 
cohesive  strength,  481 
compressive  strength,  438. 
croMiIng  strength,  488. 
expanektn  by  heat,  212. 
friction  of,  373,  Ac. 
ptllars,  488,  Ac. 
pipes,  flow  in,  243,  Ac. 
pipes,  weight  of,  293, 297,  899. 
salt  water,  effect  on,  218,  646. 
shearing  strength,  476. 
StM-ling's  toughened,  520. 
streng&,  438, 464^  476,  477,  498. 
tensile  strength,  464. 
torsional  strength,  477. 
tMtnsnerse   obrtngth,  constants  for, 

493. 
tamtables,  792. 
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Iron— continuecr. 
cast 

water,  salt,  effect  on,  218,  646. 

weight,  382,  398,  401. 
casting,  weight  of,  by  size  of  pattern, 

3»8. 
and  cement,  pipes  oif  294. 
chains,  414. 
channel,  521. 

as  pillars,  441,  442,  466. 
cohesive  strength  of;  409,  464. 
cold,  effect  on,  168,  466,  768. 
columns,  439,  Ac  See  also  Pillars,  Inm. 
compressibility  of,  434  «. 
compressive  strength  of;  438. 
contraction  of;  by  cold,  168,  768. 
corrosion  of,  by  coal  fiimee,  403. 
corrugated  sheet,  403. 
cost  of;  402. 
crushing  strength,  438. 
cylinders,  bursting  pressure  in,  232,233. 
cylinders,  in  foundation,  644,  Ac    See 

also  Foundations, 
ductility  of;  434 1. 
effect  of  cement  on,  673. 

of  cold  on,  168,  466,768. 

ofheat  on,  168.212,768. 
*      of  mortar  on,  670,  673. 

of  water  on,  218,  646. 
elastic  limit,  434  «. 
expansion  of,  by  heat,  168,  212,  768. 
-fhune  cars,  811. 
friction  of,  373,  Ac. 

gfthranized,  403. 
eat,  effect  on,  168,  212, 768, 
limit  of  elasticity,  434«. 
modulus  of  elasticity,  434  e. 
net,  470. 

paints  for  preserving,  43a 
piles,  645.    See  also  Fonndationsu 
pillars,  439,  Ac.    See  also  PiUan. 
pipes, 

cast,  weight,  293. 

fittings  for,  406. 

flow  in,  243,  Ac 

galvanized,  299. 

joints  for,  293,  295. 

kalameined,  293. 

thickness  of,  233,  293. 

wrought,  293. 
plates, 

buckled,  400. 

prices  o4  *102. 
porosity  of,  233. 
prices  of,  402. 
re-rolled,  402,  464. 
rolled.    See  Iron,  Wrought, 
roofs,  403,  Ac,  682,  Ac.    See  Boofs. 
salt  water,  ^ect  on,  218,  646. 
shearing  strength,  476. 
sheet,  402,  403. 

corrugated,  403. 

galvanf  Bed,  403. 
specific  gravity  of,  382. 
spikes,  762. 

strengtb,  409, 438,  464,  476,  ^7,  483. 
Btretdi  of,  434  e. 
T,  441,  442, 625. 


Iron— continued, 
tensile  strength,  409, 464. 
torsional  strength,  477. 
transverse  strength,  477,  493. 
tresties,  756. 
tubes,  405. 

water,  effect  on,  218,  646. 
weight  of;  382, 400,  Ac.    See  also  Iroi^ 

CSast;  Iron,  Wrought, 
wire,  412. 

rope,  413. 
-wood  (Canadian),  strength,  493. 
wrought 

bars,  weight,  400,  401. 

beams,  521,  Ac.    See  Beams. 

cohesive  strength,  464. 

compressive  strength,  438. 

crushing  strength,  438. 

expansion  by  heat,  168,  212,  763. 

friction  of,  373,  Ac. 

pillars,  439,  Ac.    See  also  PillarsL 

pipes,  293,  294. 
fittings  for,  405. 
Joints  for,  293,  295. 
weights,  prices,  Ac,  293, 406. 

prices,  402. 

shearing  strength,  476. 

strength,  438,  464,  476,  477,  493. 

tensile  strength,  464. 
>  torsional  strength,  477. 

transverse  strength,  493. 

tubes,  weight,  406. 

water-pipes,  2S&. 

weight,  388, 400,  401. 
Islands,  artificial,  for  foundations,  651. 


Jag-e|rfkes,  762. 
Jet,  pile-driving,  646. 
Joint,  Joints, 

in  arches,  709. 

bell,  for  pipes,  296. 

butt,  lap,  469. 

in  chimneys,  Ac,  cement  for,  429, 431 

Converse,  for  wrought-iron  pipes,  293. 

distribution  of  pressuro  in,  231«. 

flexible,  for  pipes,  296. 

iron,  683. 

lap,  butt,  469. 

masonry,  inclination  ot  683,  700. 
distribution  of  pressure  in,  231a. 

net,  470. 

for  pipes,  298,  296,  Ac,  406. 

pressure  in,  distributton  of;  281a. 

rail,  763. 

riveted,  468,  639. 

roof,  418,427,429. 

timber,  610,  612. 

in  trusses,  610,  612,  Ac, 
Journal  friction,  374<i. 
Judson  dynamite,  Ac,  664. 
Jumper  drill,  651. 

Keyed  frog,  782. 
Keystone,  693,  695. 
pressures  on,  830, 369, 684^ 
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Kietelguhr,  6^. 
Kinetic  energy,  318  m, 

fricUon,  370. 
King 

-post,  554. 

-rod,  563,  Ac. 

tnuB,  551,  Ac,  578. 
Kinzoa  Tiaduct,  758. 
Knees  in  pipes,  256. 
Knife-edge,  strength  of,  438. 
Knot  (nautical),  lengtk  of,  387. 
Katter*B  formula,  244^  271. 
Kyanizing,  425a. 


Lagging  for  centers,  711, 712»  719. 
Laitance,  681. 
Land 
dredge,  760. 


metric,  892. 

required  for  railroads,  722. 

section  of, 
area  of,  389. 

sunreying,  168. 

ties,  692. 
Lap-joint,  469. 
Lap-welded  boiler-tniMS,  4M. 

water-pipe,  293. 
Lard 

as  a  lubricant,  374o. 

weight  of,  383. 
Lateral  bracing,  542, 6ia 
Laths,  426, 427. 
Latitude,  Latitudes, 

degree  of,  length  of,  387. 

and  departures,  168, 

effect  of,  on  barometer,  207»  209. 
on  gravity,  812,  362. 

secants  of,  177. 
Lattice  truss,  696. 
Launching,  friction  of,  8T4«. 
Laying 

bricks,  670. 

out  of  turnouts,  786. 

pipe,  cost  of,  297. 

track,  cost  of;  804. 
Load 

balls,  weight  of,  416. 

bars,  416. 

compressibility,  4S4  e. 

ductility,  484  «. 

elastic  limit,  434  «. 

effect  of  cement,  mortar,  Ac,  oi 
673. 

expansion  by  heat,  212. 

in  masonry  joints,  438. 

modulus  of  elasticity,  434  «. 

paint,  429. 

pencils,  433. 

pipe,  234, 416. 

for  pipe-joints,  293,  296,  297. 

roofs,  415, 416. 

sheets,  415.  416. 

strength.  438, 464. 

stretch  of,  434  s. 

tensile  strength  of,  464. 


1,670, 


Lead— continued. 

weight,  383, 398-401, 410, 416,  416. 

white,  cement, 
for  leaks,  429. 

white,  paiut,  4.29. 
Leaded  tin,  418. 
Leak  in  roof,  to  stop,  429, 431. 
Leakage,  :&<2, 269,  282,  288. 
Leather, 

friction,  874c. 

strength,  466. 
Length. 

frog,  781. 
.  switch-rail,  770. 

switch,  786^  Ac. 
Lengthening  scarlk  610. 
LeTel.  301. 

builder's,  to  a4)nst,  206. 

cuttings,  732. 

hand,  Locke's,  206. 

lines,  defined,  115. 

note-book,  form  of,  204. 

Y,201. 
Leveling 

by  barometer,  907. 

by  boiling-point,  209. 

by  concrete,  680. 

of  earth,  on  embankments,  74S. 

screws,  189,  202. 
Lever,  Levers,  336. 

compound,  342. 

principle  of,  applied  to  arches,  842. 
beams,  340. 

switch,  772,  776,  779. 

tumbling,  772,  776,  779. 
Leverage,  335. 
Life,  average, 

of  cars,  811. 

of  locomotives,  810. 

of  rails,  760. 

of  shingles,  429. 

of  ties,  769. 

of  wire  ropes,  414. 
Lignum  vitn, 

strength,  463,  498. 

weight,  383. 
Lime,  669. 

effect  on  cement,  680. 

hydraulic,  673. 

paste,  670. 

to  preserve  timber,  435a, 

weight,  383. 
Limestone,  383,  437. 
Limit  of  elasticity,  434  d;  i05. 

in  beams,  506. 
Limnuria,  426. 
Lim^  Unes,  64. 

center  of  gnmtj  o^  861  a. 

contour,  197. 

of  gravity,  860. 

hydraulic  grade,  239. 

of  no  variation,  197. 

parallel,  to  draw,  66. 

of  pressure,  359,  700. 

of  resistance,  359, 700. 

of  thrust,  369,  700. 
Lining  of  tunnels,  7M. 
Link.    See  Chain. 
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Liqntd,  Liquids.    See  Water. 

buoyancy  of,  234,  'i3o. 

compressibility,  217,  236. 

flow  of,  236,  &c. 

friction  of.  374c. 

uieasnre,  390. 

pressare  of,  222,  Ac,  289,  Ac 

pressure,  transmisaioo  tliroogh,  227. 

specific  graTity  of,  381. 
Lithofracteur,  664. 
Little  Giant  rock-drill,  656. 
Lire  load,  546,  564,  Ac,  805-807. 
Liring  force,  818a.' 

Load.     See   also    Beam,  Tnus,    Pillar* 
Bridge,  Ac. 

on  beams,  constants  for,  491. 

on  bridges,  greatest  probable,  606,  623. 

curt  luad,  of  earth,  Ac,  742,  Ac. 

Ob  driring-wheels,  546,  564,  805,  Ac. 

on  earth,  safe,  684. 

for  a  given  deflectiob,  605  a,  b,  610. 

for  I  beams,  5il. 

lire,  646,  564,  805-807. 

for  locomotires,  808. 

moving,  546,  564,  806-807. 

for  piles,  643. 

on  roof,  216,  221,  580. 

of  sand.  427. 

■uddealy  applied,  434/. 

on  turntables,  794,  796. 
Lock,  air,  648. 
Lock-nut,  406,  766,  768. 
Lock-Ken  viaduct,  599,  647. 
Locke  level,  205. 
Locomotive,  Locemottves,  805-8ia 

"adhesion"  of,  374a,  808,  809. 

driving-wheels,  805,  Ac. 
weights  on,  546,  564,  805-807. 

evaporation  by,  808. 

house,  cost,  799. 

repairs,  810,  815. 

statistics,  814,  Ac. 

turntables  for,  791. 

water  for,  218,  800. 

weights,  546,  805,  Ac 
Locust,  strength,  436, 463,  493. 
Logarithms,  38, 39. 

to  find  roots  by,  39. 
Long 

chords,  table,  729. 

measure,  .S87,  382. 
Longitude,  degree  of,  length  6L,  387, 886L 
Lorenz  switch,  775. 
Lowering  of  centeyi,  711--718, 720. 
Lubricants,  374c. 

Lubrication  of  turntables,  792,  Ao. 
Lumber,  420-425.  See  also  Woed^TiSiba; 
Lone,  circular,  146. 

M.      . 

Machine, 

drill,  652,764. 

funicular,  825,  344. 

riveting,  471. 

for  tapping  pipes,  294,  299. 
Magneto-electric  blasting,  665. 
Mahogany,  RtrengtM84«k  486, 468»  408. 

weight,  383. 


Mail 
cars,  811. 
earnings,  814. 
Maintenance  of  road  and  real  estate,  815 
Man, 
power  of,  378. 
weight,  606,  623. 
Manilla  rope,  414. 
Map,  to  reduce  or  enlarge,  1^ 
Maple-wood, 
strength,  463, 408. 
weight,  383. 
Marble, 
0001,668. 

ezi>anslon  by  heat,  212. 
strength,  437,  493. 
weight,  883. 
Masonry, 
in  abutments,  quantity,  703. 
adhesion  of  cement  to,  677. 

of  mortar  to,  670. 
in  arch  bridges,  quantity,  702-706. 
backed  by  concrete,  679. 
cost,  667. 
courses,  inclination  of,  683,  700. 

lead  between,  438. 
friction  of,  373,  Ac,  683,  700. 
incrustation  of,  673,  678. 
in  i^ers,  quantity,  708. 
Joints.    See  Joints, 
quantity  in  arches,  702-708. 
in  piers,  708. 
in  retaining  walls,  690. 
in  walls  of  wells,  158. 
in  wing-walls,  704. 
railroad,  cost,  804. 
in  retaining  walls,  683,  Ac 
strength  of,  compresdve,  437. 
weight,  229,  881,  Ac 
ass,  312. 
Materials, 
fatigue  of,  436. 
strength  of,  484. 
weight  of,  381. 
Matter,  defined,  306. 
Maximum 
pressure,  angle  of,  687. 
prism  of,  687. 
slope  of,  687. 
velocity,  268. 
Mean 
depth,  hydraulic,  244, 272. 
haul,  743. 
radhis,  244,  272. 
ireloelty.  813,  t68^  Ac 
Measure,  Measnree,  385. 
commercial,  sise  of,  liy -weight  of  w»ter 

891. 
e«bic,  389. 
Preach,  891-393. 
k>Bg,387. 
metrie,891,Ae. 
RttssiaB,.  8M. 
Spanish,  394. 
square,  389. 
Measuring  weirs,  265,  266. 
Mechaitics,  306. 
Meltiug  points,  212. 
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Mercury, 

barometer,  207,  215. 

freezing-point,  213. 

thermometer,  213, 21^. 

weight,  383. 
Meridian,  to  find  by  North  star,  177. 

longitude,  387,  388. 

variation  of  compass,  193, 196. 
Metacenter,  235. 

Metal,  Metals.    See  also  the  names  of  the 
several  metals. 

blasting  of,  663. 

cohesive  strength,  464. 

compressibility,  434  e. 

comprQ9Bive  strength,  438. 

ductility,  434  e. 

effect  of  cement  on,  670,  673. 
of  heat  on,  212. 
of  lime  on,  670,  673. 
of  mortar  on,  670. 
of  water  on,  218,  645. 

elastic  limits  of,  434  e. 

expansion  by  heat,  212,  763. 

friction  of,  370,  &c^ 

limit  of  elasticity,  434  «. 

modulus  of  elasticity,  43^; 

shearing  strength,  476. 

sheet,  402-404,  410, 415, 416, 418, 419. 

strength,  434, 438,  46^  476,  477,  493. 

stretch  of,  434  «. 

tensile  strength,  464. 

torsional  strength,  477. 

transverse  strength,  493. 

weight  of,  381,  Ac. 
Meters,  wheel,  270;  Venturi,  2m. 
Metre,  Metres, 

length  of,  385  a,  391.  i 

radn,  Ac,  of  curves  in.  728. 
Metric  I 

measures,  391.  I 

railroad  curves,  table,  728. 
«    weights,  381,  &c,  393. 
Mica,  weight,  383. 

Middle  ordinate8,141 0,726,728,730,761,786. 
Mile,  Miles, 

freigfat^toni>lBile,  809,  Ap,  814,  Ac. 

geographical,  387. 

land  and  sea,  387. 

nautical,  387. 

passenger,  814,  Ac. 

scale  of,  187. 

sea-mile,  387. 

square  (section),  389. 

ton-mile,  809,  Ac,  814,  Ac. 

train-mile,  809,  Ac. 
Mills,  floating,  280. 
Miner's  friend  powder,  66 1. 
Minutes  in  deoimtils  of  a  degree,  57. 

of  time,  395. 
Mitchell's  screw  pile,  645. 
Mitred  joints  for  rails,  765. 
Modern  explosives.  661. 
Modulus.    See  Goeflacient,  Strength,  &c. 

of  elasticity,  434  6. 

of  flow,  259. 

of  friction,  371. 

of  reidlience,  434/. 

of  resistance  (coef  of  res),  485. 

of  rupture,  485. 


Mogul  loaimotives,  805,  Ac. 
Moisture,  effect  on  cement,  673. 

on  sound,  211. 

on  zinc,  419. 
Moment,  Moments,  335. 

in  beams,  478-489,  628,  637,  Ac 

breaicing,  479-484. 

equilibrium  of,  338. 

of  inertia,  865, 486,  487. 

of  resistance,  484,  486,  488. 

of  rupture,  479-484. 

of  stability,  289,  235,  337,  357,  688. 
Momentum,  314,  318  c. 

of  water,  234. 
Money,  385  6. 
Monkey-switch,  772. 
Mont  Cenis  tunuel,  754. 
Morin's  laws  of  friction,  372. 
Mortar, 

adhesion  of,  670. 

in  arches,  696,  709, 713. 

bricks,  Ac,  669. 

cement,  676u 

clay,  effect  on,  670. 

effect  on  iron,  620,  670,  673w 
on  wood,  670. 

frozen,  675. 

grout,  670. 

pointing,  674. 

in  retaining  walls,  684. 

rubble,  cost  of,  668. 
weight  of,  383. 

salt,  effect  on,  670,  678. 

sand  for,  669,  677. 

strength  of,  tensile,  466,  676, 678. 

in  water  tanks,  801. 

weight,  383,  670. 
Moseley  roof,  600. 
itlotion,  307. 

accelerated.  307. 

circular,  366. 

defined.  307. 

quantity  of,  314. 

retarded,  307. 

uniform,  307. 
Moving 

force,  308. 

load,  &4(>,  564,  806-807. 
Mud 

penetrability,  644. 

in  reservoirs,  288. 

weight  of,  383,  682. 
Muskrats,  288. 


Nails,  4256. 
shingling,  429. 
slating,  4256,428. 
Narrow-gauge  railroad 
cars,  811,  812. 
locomotives,  806,  Ac. 
Htatistics,  818. 
Nasmyth  pile-driver,  642, 
I  Natural 
j      chords,  106. 
I     Portland  cement,  67SL 

sinus,  Ac,  59, 60. 
!      slope,  684,  686,  690. 
(  Nautical  mile,  387. 
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Needle,  compaM,  190, 196. 
Net 

earDings  of  rmilroads,  814,  dec. 

iron,  net  phtte,  net  joint,  470, 538. 
Neutral  axis,  479, 485,  487. 
Niagara  saspension  bridge,  622. 
Nitro-glyoerine,  661. 
Nonagon,  110. 

North  and  sonth  line,  to  find,  177. 
North  atar,  177. 
Northing,  168. 

Note-book,  leTel,  form  of,  204. 
Namber 

of  frog,  781,  786. 

by  wire-gauge,  410,  411,  412. 
Nuts,  406. 
Nut-lock8, 408, 765, 768. 

Cambria,  765. 

o. 

Oak, 

strength, 434  «,  436.463,  476,  493. 

weight,  383. 
Oblique,  Obliqoee, 

beama,  841,  480, 406. 

fiangee,  630. 

linea,  54. 

pUlars,  457. 

pressure,  226,  318a,  8M,  687. 

in  trusses,  best  indinatlon  for,  548. 
length  of,  to  find,  122,  608. 
Obstacles  in  surveying,  to  pass,  175. 
Obstruction,  Obstructions, 

to  flow,  279<i,  Ac. 

by  piers,  279d,  Ac. 

in  pipes,  to  prevent,  292. 
Octagon, 

area,  110. 

to  draw,  121. 
Octahedron,  154. 
Offset,  683. 
Oil,  Oils, 

coal,  weight  (Petroleum),  383. 

dead,  425. 

for  locomotiveSp  cost,  810,  815. 

olive,  374c. 

weight,  383. 

wells,  nitro-glycerine  in,  661. 
Olive  oil,  lubricating  power  of,  374c. 
Open  channels,  flow  in,         268,  Ac. 
Openings, 

contiguous,  flow  through,  261. 

flow  through,  257,  Ac. 

with  short  tubes,  flow  through,  259. 

in  thin  partition,  flow  through,  260. 
Ordinate,  Ordioates, 

elliptic,  140. 

to  find,  141 «. 

middle,  141  0.726-731,  761,  786. 

parabolic,  152. 

tables,  726-731, 761,  786. 
Oscillation,  center  of,  365. 
Osgood  excavator,  750. 
Otis  excavator,  751. 
Outer  rail,  elevation  of,  729. 
Outflow,  velocity  of,  theoretical,  258. 
^utlet  valves,  m 


Oval,  to  draw,  151. 
Overfall, 

dams,  282. 

discharge  over,  265. 

for  reservoir,  289. 

P. 

Packing  piece,  471,  545,  Ac. 
Paint,  Paints,  429. 

brushes,  to  clean,  430. 

for  iron,  430. 

on  zinc,  403. 
Painting,  429. 
Panel, 

defined,  length  of,  548. 

diagonal  of,  to  find  length  of,  122;  608. 
Paper,  433. 

car-wheels,  812. 

pipes,  294. 

wheels,  812. 
Parabola,  152, 153.    See  Parabolic. 

arc  of,  152. 

center  of  gravity  of,  861  d. 

to  draw,  153. 

frustum  of;  162. 

ordinates,  152. 

semi-,  center  of  g^vity  of,  361  d. 

tangent  to,  to  draw,  153. 

Eone  of,  162. 
Parabolic 

arc,  162, 158. 

conoid,  167. 
frustum  of,  167. 

curve,  162, 153. 

fhistum,  162. 

ordinates,  152. 

sone,  152. 
Paraboloid,  167. 

center  of  gravity  of,  861  h. 

flrustum  of,  167. 
Parallel 

forces,  285, 347. 

lines,  to  draw,  56. 

plates,  189. 
Parallelogram,  Pturallelogrami,  57, 119. 

angles  in,  57. 

center  of  gravity  of;  848,  Ac 

of  forces,  320,  Ac. 
Parallelopiped,  155. 

center  of  gravity  of,  848.  Jnu 

of  f6rces,338. 
Parapats  of  suspension  bridges,  021,  Ac. 
Parlor  cart,  811,  812. 
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Patterns,  weight  of  casting,  308. 

Pauli  truss,  598. 

Paving, 

Belgiaii,  668. 
brick,  671. 
Payments, 

equation  of,  37. 

partial  (Equation  of  Payments),  37. 
Pencils,  lead,  433. 
Pendulums,  364. 
hydrometric^  269. 
seconds,  385. 
Pennsylvania  R  R, 
bridges 

of  I  beams,  524. 
of  riveted  girders,  543,  &c. 
standard  rolling  loads,  546. 
locomotives,  546,  806,  807. 
track-tank,  802. 
Pentagon,  110. 
Perch  389. 
Percussion, 
center  of,  365. 
drills,  653. 
Perimeter.    See  also  Circumference. 

wet,  244,  271. 
Permanent  way,  759. 
Permutation,  3i6. 
Perpendicular,  to  draw,  55. 
Persian  wheel,  379. 
Petroleum,  weight,  383. 
Philadelphia, 
Clieetnut  St  bridge,  599. 

foundations,  688. 
South  St  bridge,  648. 
Wissahickon  bridge,  720. 
Phoenix  segment-columns, 441,442, 443,440 
dimensions,  weights,  Ac,  440. 
strength,  442,  443,  449. 
in  trestles,  758. 
Phosphor-bronze  wire,  strength,  464. 
Picks,  wear  of,  743. 
Pier,  Piers, 
abutment,  699. 
foundations  for,  633,  Ac. 
masonry,  quantity  in,  708. 
obstructions  by,  279d,  &c. 
of  suspension  bridges,  618,  &c. 
Pierre  perdue,  634. 
Piezometer,  239. 

Piles,  foundation,  640.    See  also  Founda- 
tions. 
PiUar,  Pillara,  439,  dc. 
•  of  angle-iron,  440-442. 
capitals  of,  shapes  of,  457. 
of  channel-iron,  441,  442,  456. 
ends  of,  shapes  of,  4.39,  457. 
factor  of  safety,  442,  446. 
Gordon's  formula,  439. 
hinged  ends,  439. 
of  I  beams,  441,  442,  454. 
iron,  439,  Ac. 
coefficients  of  safety,  442,  446. 
strains  usually  allowed,  457. 
strength  of,  439,  &c. 
masonry,  strength  of,  437. 
oblique,  457. 
Phoenix  segment,  441-443,  449,  758. 


Pjllar,  Pillars— continued, 
pin-ended,  439. 
radius  of  gjrration,  440. 
with  rounded  ends,  439. 
safety,  factor  of,  442,  446. 
segment.  Phoenix, 

dimensions,  weights,  Ac,  449. 

strength,  441,  442,  443,  449. 

in  trestles,  758. 
steel,  442, 458. 
strength  of,  439,  &c. 
T  and  -f  iron,  441,  442. 
wooden,  458,  Ac. 
Pin,  Pins 
and  eye-bars,  4.39, 612. 
surveying,  176. 
Pine, 
pillars  of,  459. 

stTBugth.  4M«,  43ft,  458,  4«S.  476,  49S. 
weight,  383,  384. 
Pinions  and  wheels,  342. 
Pipe,  Pipes, 
air-valves  for,  297. 
angles  in,  256. 

areas  and  Contents  of,  157,  247. 
bends  in,  255. 
branches  in,  296. 
brass,  seamless,  417. 
bursting  of,  234,  298,  303. 

thickness  required  to  prevent,  232- 
234,293. 
bursting  pressure  in,  239. 
cast-iron,  290-293,  297,  390. 

weight,  293,  297,399. 
cement  and  iron,  294. 
concretions  in,  to  prevent,  292. 
contents  and  areas  of,  157,  247. 
copper,  seamless,  4d7. 
cost  of,  293,  297. 

of  laying,  297. 
couplings  for,  293,  295,  405. 
cracks  in,  296. 
curves  in,  255. 
diameters  of,  245,  290,  291,  293,  297. 

square  roots  of,  247. 

for  water-supply,  290,  Ac. 
discharge  from, 

formulae,  243. 

principles  of;  236,  Ac. 
drain,  279d. 

terra-cotta,  279<f. 
drawn  brass  and  copper,  417. 
enlargements  in,  257. 
ferrules  for,  299. 
flexible  joints  for,  296. 
flow  in,  236,  Ac. 

Kutter's  formula,  244,  271. 
friction  in,  257. 
galvanic  action  in,  293. 
galvanized,  299. 
gates  for,  301. 
gutta-percha,  294. 
iron, 

cast,  290-293,  297,  399.  . 

weight,  293,  297,  399.  W 

and  cement,  294.  \      * 

fittings  for,  293,  Ac,  405. 

joints  for,  203,  205,  407. 

Digitized  by  VjOOQ  iC 


S54: 


INDEX. 
Pipe— PoHnd. 


Pipe,  pipes,  iron— oontinued. 
thicknesses  of,  233,  293. 
wrought,  293,  405. 
weight,  298,  405. 
Joints  for,  293, 295, 407. 

flexible,  296. 
kalameined,  293. 
knees  in,  256. 
laying,  297. 

leadfor,  293,295,  297. 
leaden,  234,299.416. 
thicknesses  of,  234. 
long,  pressure  of  water  in,  257. 
material  of,  effect  on  velocity,  244. 
to  mend,  296. 

obstructions  in,  to  prevent,  292. 
paper,  294. 

pressure  of  water  in,  232,  Ac,  239. 
nBsistaoca  to  pmapiiig,  267. 
seamless,  417. 
service,  294, 299, 416. 
sleeves  for,  296. 
stand,  298. 
steam,  405. 
stop-valves  f<Nr,  801. 
street,  290. 

swellings  in,  eflTdct  of,  267. 
tapping  of,  294,  299. 
terrarcotta,  279d. 
thickness  required,  232-234,  298. 
▼alves  for,  801. 

of  varying  diamet«r,di8ch  through,  254. 
velocity  in,  243,  246,  Ac. 
water,  290,  Ac,  293,  297, 899. 
weight,  298,297,899,406. 
wooden,  294. 

wronght-iron,  298.  294»  405. 
Pit  of  turntable,  791. 
Pitch 
of  rivets,  472,  Ac,  589. 
of  roofs,  428. 68L 
weight  of,  384. 
Pitot's  tube,  269. 

Pittsburgh  suspension  bridge,  624. 
Pivot 

of  turntables,  792,  Ac 
Plan,  to  reduce  or  enlarge,  122. 
Plane,  Planes,  110. 
of  flotation,  235. 
forces  in  different,  332,  Ac. 
forces  in  one,  319,  Ac. 
of  jcravity.  arvK 

inclined,  352,  Ac,  863.     See  also  In- 
clined Plane, 
surfaces,  110. 
trigonometry,  112. 
Plank, 
board  measure,  table,  420. 
in  foundations.  633. 
sheet  piling,  641. 
thickness  for  a  given  pres,  637. 
Plastering,  426. 
Plaster.  426. 
of  Paris 
effect  on  metals,  673. 
price  of.  673. 
strength,  437,  466. 
weight,  384. 


Plate,  Plates.     See  Sheet. 

angle,  764. 

beams,  537. 

bolster,  524,  544,  614. 

buckled,  409. 

fish,  764. 

frog,  783. 

girders,  537. 

glass,  482. 

iron 
prices,  402. 
turntables,  793. 

net,  470. 

openings  in,  flow  through,  257,  Ac, 

parallel,  189. 

steel,  tinned,  418. 

teme,  418. 

tin,  418. 

tinned  steel,  418. 

wall,  524,  544, 614. 
Platform 

cars,  811. 

revolving,  799. 
Platinum,  884,  464. 

blasting  cape,  666. 
Plenum  process,  648. 
Plug,  flre  (fire-hydrant),  804. 
Plumb  level,  to  a4Just,  206. 
Plumbago,  as  a  hibricant,  874o. 
Pneumatic 

foundations,  647,  Ac. 
Pocket  sextant,  194. 
Point,  Points, 

of  application  of  force,  309,  318/,  Ac 

boiling.  210,  217. 
leTeling  by,  209. 

of  contrary  flexure,  516. 

freezing.  212,  217. 

frog,  781-789. 

melting,  212. 

position  of,  to  find,  118w 

switch,  774-776. 
Pointing  mortar,  674. 
Pole  star,  177. 
Polygon,  Polygons,  110. 

center  of  gravity  of, 348,  Ac. 

of  forces,  329. 

irregular,  to  find  area  of,  122. 

to  reduce  to  a  triangle,  121. 

regular,  to  draw,  121. 
Polyhedron,  Polyhe^x)ns,  regular,  154. 
Pond,  discharge  of,  time  requii;^  for,  26^ 
Poplar,  strength,  436,  463,  493. 
Porous  bodies,  specific  gravity  o^  381, 384 
Port,  establishment  of,  210. 
Portage  viaduct,  756,  757. . 
Portland  cement,  673. 
Post,  Posts.    See  also  Pillars. 

fence,  803. 

king,  554. 

pivot,  in  turntables,  792,  Ac 

queen,  555. 

Samson,  639. 

in  trestles,  756. 

in  trusses,  547,549. 
Potential  energy,  318  <!. 
Pound  (coin),  value  of,  385  b. 

weight,  38T. 
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PouriDg-clamps  for  pipe-joiots,  294,  295. 
Powder,  384,  660. 

Power,  Powers.  See  Steam,  Water,  Wiu  J, 
Ac. 
animal,  377. 
defined,  318. 
fifth,  251. 

square  roots  of,  253. 
gain  of,  836. 
of  horse,  375, 377,  801. 
of  locomotives,  808. 
man,  378. 

second  and  third,  tables,  41. 
tractive,  375.    See  also  Traction. 
Pratt  truss,  695. 
Prejudicial  work,  318. 
Press,  Presses, 

hydrostatic,  227. 
Pressed  brick,  670. 
Pressure.    See  Load, 
of  air,  215,  648,  Ac. 

barometer,  leveling  by,  207. 
in  arches,  342,359,  094. 
boiler,  809. 

center  of,  227, 235  847 1, 700. 
on  centers  for  arches,  713. 
cylinder,  of  steam,  809,  Ac. 
in  dams,  286  b.  • 

distribution  of, 

in  plane  surfaces,  231a. 
of  earth,  683,  4c,  687. 
effect  of,  on  friction,  371. 
on  foundations,  634. 
on  inclined  plates,  352,  Ac,  363. 
initial,  of  steam,  809. 
line  of,  369,  700. 
maximum,  angle  of,  687. 
priam  of,  687. 
slope  of,  687. 
in  pipes,  232,  239. 
plate,  Gauthey's,  269. 
in  reservoirs,  288. 
on  retaining  walls,  683,  Ac. 
of  running  streams,  279/,  Ac. 
of  running  water  in  pipes,  239. 
steam,  809. 

strength,  compressive,  436. 
transmission  of,  through  liquids,  227. 
of  water,  222,  Ac,  239,  Ac. 
in  cylinders,  232. 
in  long  pipes,  257. 
in  pipes,  232,  Ac,  239. 
running,  239,  279/,  Ac. 
still,  222. 

walls  to  resist,  229,  Ac. 
of  wind,  216. 
Prices.    See  the  article  in  question. 
Prism,  Prisms,  155. 
center  of  gmvity  of,  351  e,  f. 
frustums  of,  155. 

center  of  gravity  of,  351 «,  g. 
of  maximum  pressure,  687. 
Prismoid,  1606. 
Prismoidul  formula,  160  5. 
Profile,  Profiles,  199,  Ac. 
curved,  692. 
paper,  433. 
transformation  of,  691. 


Progression,  36. 

arithmetical,  36. 

geometrical,  36. 
Proportion,  35. 
j      compound,  35. 
,      simple,  35. 

Protracting  by  chords,  106. 
;  Puddle-walls,  288. 
Pulley,  342. 
Pump,  Pumps,  801. 

chain,  379. 

day's  work  at,  378, 801. 

sand,  626,  650. 
Pumping.    See  Pump. 

engine,  801. 

mains,  friction  in,  257. 
Purlins,  551, 582. 
Pyramid,  Pyramids,  160. 

center  of  gravity  ot,  348,  Ac. 

frustum  of,  160  a. 
canter  of  gravity  oi;  348,  Ac. 

Q. 

Quadrant,  Gastelli's,  269. 

center  of  gravity  of,  851  c. 
Quarrying,  651-667. 
Quartz,  weight,  384. 
Queen  truss,  555, 578. 
Quicklime,  669. 

to  preserve  timber,  425a. 

weight  of;  383. 

'r. 

Back-a-rock,  664. 
Radii,  Radius, 
to  find,  1-23, 141  «. 
of  gyration,  366,  367,  439,  440. 

square  o^  440,  538,  540. 
mean,  244,  272. 
of  railroad  curves,  tables,  726-728. 

minimum,  729,  731. 
of  turnouts,  786. 
Rafter,  Rafters,  355, 551,  Ac.,  5^2. 
Rail,  Rails,  760,  763. 
bending,  ordinates  for,  761. 
creeping  of,  763,  764. 
elevation  of  outer,  729. 
expansion  by  heat,  212,  768. 
fence,  803. 
frog,  781. 

guard  or  guide,  774,  779,  781. 
joints,  763. 

ordinates  for  bending,  761. 
outer,  elevation  of,  729. 
renewals,  816. 
ronds,  722. 

ballast,  759. 

bridges.  See  Bridge,  Trass,  Arch,  Aik 

cars,  811,  812,  814,  Ac. 

constraction,  722,  804. 

cost  of,  804. 

cross-ties,  759. 

gauge,  in  U.  S.,  814. 

pile-driver,  642. 

resistance  on,  H74«. 

roadway,  759. 
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Rail,  Rails— continued, 
roads, 
shops,  cost  of,  799. 
spikes,  762. 
statistics,  814  to  818. 
switch,  770. 
ties,  769. 

time,  standard,  396. 
traclc-tank,  802. 
traction  on,  377,  808,  810. 
turnout,  770. 
water  stations,  800. 
safety,  779. 
stock,  774. 

switch-rail,  length  of,  776. 
way,  see  Bail-ruad. 
Bain,  220. 
reaching  sewer,  rate  of,  279c. 
water,  218,  385. 
Ram,  hydraulic,  280. 
water,  284,  298,  303. 
Ramming: 

of  eement  and  concrete,  675,  G80. 
Ramsbottom's  track  tank,  802. 
Rand  rock-drill,  656. 
Random  stone,  634. 
Range  of  stress,  435. 
Ratio,  35. 

elastic,  434  d. 
Reaction,  808,  &c. 

of  soils,  elastic,  644. 
Real  estate,  maintenance,  railroad,  815. 
Reaumur  thermometer,  213. 
.Re-burning  of  cement,  674. 
Rectangle,  Rectangles,  119,  348,  Ac. 
Rectangular  co-ordinates,  331. 
Reflection,  to  measure  heights  by,  117. 
Reflexion,  angle  of,  255. 
Refraction  and  curvature,  table,  115. 
Regular  figures,  110. 
Regular  solids,  154. 
Repair,  Repairs, 
of  bubble-tube,  193. 
of  cars,  811,  815. 
of  cross-hairs,  193. 
of  locomotives,  810,  815. 
of  pipes,  296. 
in  reservoirs,  289. 
of  road,  748. 

of  road-bed,  railroad,  815. 
of  rolling-stock,  810, 811,  815. 
of  track,  815. 
Repose,  angle  of,  365,  871. 
Reservoir,  Reservoirs,  ^7,  Ac. 
discharge  from  and  into,  262. 
evaporation  fh)m,  222. 
for  railroads,  801. 
Resilience,  434/. 

Resistance.  See  also  Loads,  Strength,  Ac. 
angle  of,  limiting,  355,  371. 
of  beams,  484. 
of  cars,  374«,  808. 
coefficient  of,  485. 
to  flow,  244,  266,  267,  271,  Ac. 
of  friction,  370. 
on  grades,  808. 
limiting  angle  of,  356,  871. 
line  of,  369,  Ac,  700. 


Resistance-— con  tinned, 
modulus  of,  485. 
I     moment  of,  484,  486,  4$8. 
j      on  railroads,  374«. 

Resolution  of  forces,  319,  &c 
'  Resultants,  319,  Ac. 
Retaining  walls,  683. 
clay  backing,  634. 
1      curved  profiles,  692. 

masonry  in,  quantity  of,  690,  692. 
surcharged,  686,  Ac. 
theory  o^  686. 
;      transformation  of  profile,  691. 
'  Retarded  velocity,  807. 
,  Reverse  bearing,  171. 
Revetment,  692. 
Revolving  bodies  365. 
Rhomb,  119,  166. 
'  Rhombic  prism,  166. 
,  Rhombohedron,  165. 
Rhomboid.  119. 
center  of  gravity  of,  348,  Ac 
;  Rhombus,  119. 

I      center  of  gravity  of,  348  Ac. 
I  Rhumb-line,  171. 
I  Right  angle,  to  draw,  55. 
Rigid  bodies,  foj^e  in,  306. 
Ring,  Rings.    See  Circle,  Ellipse,  Ac. 
circular.  146, 167. 
joint,  768. 
tightening,  583. 
Rip-rap,  634. 
Rise  of  arch,  693. 

of  roof,  enect  on  weight,  581. 
Rivers.    See  Water,  Rain,  Ac. 
dams.  282. 
flow  in,  268,  Ac. 
reservoirs,  287. 
scour  of,  279/. 
lUvet,  Rivets,  468,  539. 
Riveted 
beams,  637. 
girders,  637. 
joints,  468,  589. 
Eoad,  Roads, 
-bed,  repairs,  815. 
cart,  repairs,  743. 
grade,  875,  723. 

tables,  176,  854.  723-726. 
maintenance,  743,  815. 
rail-.    See  Railroad, 
traction  on,  875. 
-way,  acres  required  for,  722. 
drainage  oi;  in  arches,  708. 
railroad,  items  of,  759. 
width  of,  in  bridgee,  604. 
Rock,  Rocks, 
blasting,  660. 

broken,  voids  in,  880,  678, 751. 
channeling,  658. 
drill,  661,  Ac. 
hand,  658. 
machine,  652. 
steam,  652. 
removal,  751,  Ac. 
strength  of,  434,  Ac. 
weight  of,  381,  Ac. 
work  in  tunnels,  754. 
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Rockers,  expansion,  614. 
Rod,  Rods, 

of  brickwork,  389,  672. 

iroD,  402. 

king,  653,  Ac. 

queen,  5.'>o. 

suspending,  620. 

tie,  651,  Ac,  572. 

upset,  408. 
Rolled 

iron.     See  Iron,  Wrouglit. 
Roller,  Rollers, 

anti-friction,  374e.  792,  Ac. 

expansion,  614. 

friction,  374«,  792,  Ac. 
Rolling 

friction,  374ft. 

load,  546,  664,  806-807. 

stock,  806,  Ac,  814,  Sir.,  &c. 
repairs,  815. 

resistance  of,  374e. 
Roof,  Roofs, 

arched,  600. 

copper,  416. 

cost  of,  580. 

coverings,  weight  of,  561,  Ac,  581. 

details,  682. 

effect  of  acid  fumes  on,  418, 428. 
of  rise  on  weight  of,  581. 

Fiuk,  674,  678-580. 

frost-proof,  Bumbam's,  801. 

iron  for,  403. 
arch,  600. 
details,  582,  588. 

lead,  416,  416. 

leak  in,  to  stop,  429,  431. 

Moeeley,  600. 

painting  of,  403,  430. 

pitch  of  428,681. 

purlin,  651, 682. 

rafter,  366,  661,  Ac,  582. 

rise  of,  effect  on  weight  of,  581. 

sheet-iron,  403. 

shingle,  429. 

slate,  weight  of,  428. 

snow  on,  221. 

to  stop  leak,  429,  431. 

tin,  418. 

trass.    See  Truss. 

weight  of,  affected  by  rise,  581. 
with  load,  680. 

wind  on,  216. 

wooden,  details,  613. 

zinc,  418. 
Root,  Roots,  40. 

cube  and  square,  tables,  40. 

of  decimals,  to  find,  53. 

fifth,  251. 

of  large  numbers,  to  calculate,  52. 

square  and  cube,  tables,  40. 

square,  of  diameters,  247. 
of  fifth  powers,  253. 
Rope,  Ropes,  414. 

strength  of,  414,  466. 

weight  of,  414. 

wire,  413. 
Rosendale  cement,  673. 
Rosin,  weight,  384. 


Rut  of  timber,  426. 
Rotary  drills,  652. 
Rotary  motion,  865. 
Rotating  bodies,  866. 
I  Rough-casting,  431,  674. 
I  Roughness, 

!      a.efficient  of,  244,  272,  273. 
Rubble, 

adhesion  to  mortar,  670,  677. 

arches  681, 696. 

cost,  668. 

foundations,  634. 

proportion  of  mortar  in,  383. 

quarry,  loose,  380,  751. 

retaining  walls,  690. 

strength,  437. 

voids  in,  669,  741. 

weight  of,  383. 
Rale,  Rules, 

of  three,  35. 

two-foot,  to  measure  angles  by,  58. 
Rapture.    See  Strength. 

coefficient  of,  485. 

constant  of,  485. 

modulus  of,  485. 

moment  of,  479-484. 
Russian  weights  and  measures,  394. 

s. 

Safety, 
allowance  for.    See  Safety,  Factor  of. 
castings,  770,  779. 

CQefflcient  of.    See  Safety,  Factor  of. 
factor  of, 

for  beams,  499,  621,  540. 

for  piles,  644. 

for  pUUrs,  442,  446. 

for  retaining  walls,  686. 

for  suspension  bridges,  617. 

for  truss  bridges,  607. 
rail,  779. 

switch,  770,  776,  778. 
Salmon  brick,  671. 
Salt, 
effect  on  mortar,  670,  678. 
water,  effect  on  iron,  218,  645. 

weight  of,  217. 
weight  of,  384. 
Samson 
joint,  765. 
post,  630. 
Sand 
augers,  626,  Ac. 
bar  sand,  669. 
blasting  of,  663. 
in  oement,  674,  676,  678,  679. 
for  centers,  striking,  713. 
in  concrete,  678. 
cost  of,  669. 
dredging,  631. 

effect  on  cement,  674,  676, 678. 
excavating  in,  742,  Ac. 
for  foundations,  634. 
load  of,  427. 

for  mortar,  669,  677,  678. 
natural  slope  of,  690. 
penetrability  of,  644. 
piles,  626,  650. 
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Sand — contiDued. 

in  plaster,  42(5. 

pressure  of,  tM^,  &c. 

price  of,  669. 

pump,  626,  650. 

retaining  walls  for,  683,  &c. 

slope,  natural,  690. 

specific  gravity  of,  381,  384. 

-stone, 
expansion  by  beat,  212. 
strength  of,  437,  466,  495. 
weight,  384. 

sustaining  power  of,  634, 644. 

voids  in,  384, 677. 

weight  of,  381,  384. 
Sap  of  timber,  425. 
Saylor's  Portland  cement,  673. 
Scales,  track,  803. 
Scarfs,  lengthening,  610. 
Scarp  revetment,  692. 
Scoop,  tender,  802. 
Scour  of  streams,  279/. 
Scrapers,  earthwork,  747. 
Screeding,  426. 
Screw,  Screws,  342. 

Archimedes,  379. 

for  centers,  striking,  713. 

cylinders,  645. 

leveling,  189,  202. 

piles,  645. 

standard  dimensions,  406. 
Seamless  pipes  and  tubes,  417. 
Sea 

mile,  387. 

tides,  219. 

water,  217,  219,  645. 

worms,  425. 
Secant,  59. 

of  latitudes,  177. 
Seconds  in  decimals  of  a  degree^  57. 
Seconds  pendulum,  385. 
Section 

eflfective,  in  riveted  girders,  538. 

of  land,  area  of,  389. 
Sector,  circular,  146. 

center  of  gravity  of,  351  c. 

spherical,  center  of  gravity,  351,/. 
Sediment  in  reservoirs,  2S8. 
Segment,  Segments, 

circular,  146,  147,  351  d. 

columns.  Phoenix,  441,  442,  449,  758. 

spherical,  166. 
center  of  gravity  of,  351  e,/. 
Self-acting  frog,  785. 

switch  stand,  775. 
Sellers  standard  dimensions  of  bolts,  Ac, 

406. 
Sellers  turntoble,  792. 
Semi-circle,  center  of  gravity,  851  a.  c,  d. 
Semi-parabola,  center  of  gravity  of,  351  d. 
Separators  for  beams,  523  6,  d. 
Service  pipe,  294,  299,  416. 

insertion  of,  294,  299. 
Setting  of  cement,  674. 
Settlement 

of  backing,  684. 

of  c<jnters,  713,  Ac,  720. 

of  embankment,  741. 


Sewer,  Sewers, 

flow  in,  279c. 
Kutter*s  formula,  244,  271. 

grade  of,  279c. 

i-ain- water,  rate  of  reaching,  279g. 

velocities  in,  279c. 
Sextant, 

angles  measured  by,  114. 

box  or  pocket,  194. 

center  of  gravity  of,  351  c. 
Shaft  of  tunnel,  754. 
Shafting, 

deflection  of,  610. 

friction  of,  374d. 

strength  of,  477. 
Shale,  weight,  384. 
Sharpening  tools,  cost,  743. 
Shear,  476,  532. 

double  and  single,  470,  470. 
Shearing 

of  beams,  532. 

of  nails,  4-25/». 

of  rivets,  470,  Ac. 

strains,  582. 

strength,  476. 
Sheet,  Sheets, 

brass,  415. 

copper,  415,  416. 

iron,  403. 
corrugated,  403. 
galvanized,  403. 
roof,  403. 

lead,  415,  416. 

metals,  thickness  of,  410,  411. 

piles,  641. 

zinc,  418. 
Sheeting  of  centers,  711,  719. 
Shell 

-lime,  670. 

spherical,  166. 

weight  of,  398,  400. 
Shilling,  value  of,  385  b. 
Shingles,  429. 
Shoes  for  piles,  644. 
Shops,  railroad,  cost,  799. 
Shoveling  earth,  742. 
Shovels,  wear  of,  743. 
Shrinkage  of  embankment,  741. 
Siemens'  electrical  blasting  machine,  665. 
Sieves  for  cement,  678. 
Signal  target,  772,  &c,  775,  779. 
Silver, 

coins,  Ac,  385  b. 

strength,  466. 

weight,  384,  386. 
Similarity,  geometrical,  54. 
Simple 

proportion,  35. 

interest,  37. 
Simultaneous  firing  of  blasts,  665. 
Sine,  Sines,  59. 

natural,  defined,  69. 
table,  60. 

of  polar  distances  of  Polaris,  177. 
Single 

riveting,  468. 

rule  of  three,  35. 

shear,  470. 
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Siphon,  241. 
Skew-back,  693. 
Skidding  of  wheels,  374a. 
Slacking  of  Ume,  669,  670. 
Slate,  427. 

compreBsibility,  484  «. 

expansion  by  heat,  212. 

roofis,  weight  o(^  428. 

strength, 

compressive,  437. 
tensile,  466. 
transverse,  493. 

weight,  384. 
Slating,  427. 
Sleeping  cars,  811,  812. 
Sleeves  for  pipes,  296. 
Sliding,  370. 

angle  of,  356,  371. 

friction,  370,  Ac. 

of  retaining  walls,  692. 
Slope,  Slopes.    See  Grade. 

allowance  for,  in  chaining,  176. 

angle  of;  176,  364,  723,  724. 

hydraulic,  244,  272. 

instrument,  206,  724. 

of  maximum  pressure,  687. 

natural,  084,  686,  690. 

tables,  176,  364,  728-725. 

in  tunnels,  754. 
Slugger  rock-drill,  656. 
Sluices  in  dams,  285. 
Snow,  221,  384. 
Soakage,  loss  by,  269. 
Soap  as  a  lubricant,  374o. 
Soapstone,  weight,  364. 
Soap-wash  for  walls,  672. 
Soffit,  defined,  693. 
Soil,  Soils, 

boring  in,  626. 

dredging,  631. 

excavation  of,  742. 

leakage  through,  222. 

penetrability  of,  644. 

pressure  of,  683,  Ac. 

reaction  of,  elastic,  644. 

scour  of,  279/. 

sustaining  power  of,  684,  644. 

weight,  382,  under  **  earth." 
Solid,  Solids,  154. 

center  of  gravity  of,  861  f. 

defined,  64. 

expansion  by  heat,  212. 

measure,  389. 
metric,  392. 

mensuration  of,  154. 

specific  gravity  of,  380,  Ac. 
Sound,  211. 

South  St  bridge,  Phila,  648 
Southing,  168. 
Sovereign,  385  h. 
Span,  defined,  693. 
Spandrel,  693. 

walls,  693,  608. 
Spanish  weights  and  measures,  394. 
Specific  gravity,  380. 
Speed,  Speeds.    See  Velocity. 

of  locomotives,  809. 

of  teams,  743, 747. 


Spelter.    8«e  Zinc. 

Sphere,  Spheres,  102, 163.   See  SpL«rioaL 

center  of  mvity  of;  348,  Ac. 

volumt  0^389. 
Spherical 

Mctor, 
center  of  gravity  of;  361/ 

•egmeut,  166. 
center  of  gravity  of,  361 «,  /. 

■bell,  166. 
weight  of,  398,  40O. 

lone,  166. 
ctnter  of  gravity  of,  361/. 
Spheroid,  166. 

center  of  gravity  ot^  361 «,/. 
Spigot  in  pipe-joint,  296. 
Spindle 

circular,  107. 

torsionij  strain  in,  477. 
Spikes,  762. 

Splices,  timber.  610,  612. 
Split  switch,  774-776. 
Spreading  of  earth,  743. 
Spring,  Springs, 

of  arch.  693. 

in  foundations,  634. 

frog,  784. 
Spruce, 

strength,  434  e,  436,  463, 476,  493. 

weight,  384. 
Spudding,  628. 
Square,  Squares, 

area,  119. 
equivalents  of,  in  circles,  123. 

center  of  gravity  of,  861  a. 

measure,  ^9. 
metric,  392. 

mensuration  of,  119. 

of  numbers,  table,  41. 

of  radius  of  gyration,  440,  538,  640. 

roots,  40. 
of  decimals,  to  find,  63. 
of  diameters,  247. 
of  fifth  powers,  263. 
of  large  numbers,  to  calculate,  52. 
tables,  40. 

sides  of,  119, 128. 

tables  on  41. 
Stability,  236,  366. 

of  arches,  358,  Ac,  700. 

frictional,  352-361. 

on  inclined  planes,  362,  Ac. 

moment  of,  357. 

of  retaining  walls,  683. 
Stable  equilibrium,  235,  348,  358. 
Stadia  hairs,  190. 
Stand-pipes,  298. 

for  i-ailroad  watpr>stations,  801. 

for  water-works,  298. 
Stand,  switch,  772. 
Standard  railway  time,  396. 
Star,  Stars, 

Alioth.  177. 

iron,  sizes  and  prices,  402. 

North,  177. 

Pole,  177. 

to  regulate  a  watch,  Ac,  by,  396. 
Statics,  306. 
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■hearing  strength,  476. 

Btrength,  438,  464,  465,  476,  477,  493. 

Btretch  of;  434«. 

tensile  strength,  464,  465. 

ties,  760. 

tires,  807,  812,  813. 

torsional  strength,  477. 

transverse  strength,  498. 

weight,  384,  400, 401. 

wire,  412. 
rope,  413. 
Sterling's  toughened  cast-iron,  520. 
Stiffeners  for  plate-girders,  639. 
Stock  rails,  774. 
Stone,  Stones, 

adhesion  to  cement,  677. 
mortar,  670. 

arch-,  693.. 

arches,  qnantity  In,  702L 
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Btation,  Stations, 

expense,  815. 

in  survey 8, 197,  Ac,  204. 

water,  800. 

way,  cost,  803. 
Statistics, 

arches,  605. 

railroad,  814-818. 

rainfall,  220. 
Stays,  cable,  616. 
Steam, 

average  pressure,  800. 

boiler  pressure,  8t»U. 

cylinder  pressure,  809. 

dredges,  681. 

•ngine, 
locomotive,  805-810. 
pumping,  801. 

excavator,  750. 

expansion  of,  800. 

initial  presnre  of,  800. 

pile  drivers,  641,  642. 

pipes,  405. 

pressure,  809. 

rock-drill,  652. 

warming  by,  surface  required,  399. 
Steel 

beams,  493,  512,  523  e,  d. 

buckled  plates,  409. 

chains,  strength,  415. 

cohesive  strength  of,  464, 465. 

columns,  442,  468. 

compressibility,  4M  : 

compressive  strength,  438. 

cost  of,  402. 

ductility,  434  a 

elastic  Umit,  434  e. 

expansion  by  heat,  212. 

friction  of,  373,  Ac. 

modulus  of  elasticity,  434  «. 

nails,  4255. 

pillars,  442,  458. 

plates, 
buckled,  409. 
tinned,  418. 

price,  402. 

rails,  760. 
frogs  of,  781. 

rope,  413. 


Stone,  Stones— continaed. 

artificial,  466,  678,  681. 

ballast,  759,  804. 

beams,  493, 504. 

-breaker,  680. 

bridges,  693.    See  also  Arch, 
centers  for,  711. 

broken,  voids  in,  380,  678,  751. 

buildings,  cost  of,  668. 

cohesive  strength,  466. 

compressive  strength,  437. 

for  concrete,  678,  Ac. 

crusher,  680. 

-cutter,  dav's  work,  667. 

^ams,  229,*231. 

dressing,  667. 

drilling,  651  Ac. 

excavating,  751. 

expansion  by  heat,  212. 

fricUon  of,  373,  Ac. 

key-,  693. 

quantity  in  arches,  Ac,  702,  Ac 

quarrying,  661-667. 

random,  634. 

Bansome's,  466. 

strength,  437,  466,  483. 

tensile  strength,  466. 

transverse  strength,  493. 

weight,  381,  Ac. 

-work,  661,  761. 
strength,  437. 
weight,  229,  383. 
Stop,  Stops, 

corporation,  for  pipes,  294,  2991 

leak  in  roof,  429,  431. 

-valvea  for  water-pipes,  301. 
Storage  reservoirs,  289. 
Strain,  Strains,  318  K,  Ac.,  484,  Ac. 

in  beams,  vertical,  532. 

flange,  529,  637. 

repeated,  436. 

shearing,  532. 

in  suspension  bridges,  616,  Ac 

in  trusses,  551,  Ac.    See  also  Trusses. 

vertical,  in  beams,  532. 
Str^un,  Streams, 

abrasion  by,  279/. 

flow  in,  268. 

to  gauge,  268. 

horse-power  of,  280. 

pressure  of  running,  279/,  Ac. 

scour  of,  279/ 

virtual  head.  280. 
Street  pipes,  290,  Ac.    See  also  Pipes. 
Strength,  Strengths.    See  also  the  articlt 
ifa  question. 

of  arches,  098,  Ac. 

of  beams,  478,498. 

of  bridges.    See  Arch,  Trass,  Ac. 

cohesive,  468. 

compressive,  436,  Ac. 

of  cylinders,  232,  516. 

of  materials,  484. 

of  piles,  643. 

of  pillars,  439,  Ac. 

of  retaining  walls,  688,  Ac 

of  riveted  Joints,  468,  Ac,  472. 

of  shafting,  477. 
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Strength,  Strengths— continued, 
shearing,  476. 
tensile,  463. 
torsional,  476. 
transverse,  478. 
Stress,  defined, 318  h.8ee  Strain,  Strength, 
mnge  of,  435. 
repeated,  435. 
Stretch 

of  matoriAl8,434e. 
Striking  of  centers,  711,  713,  720. 
Stringers,  track,  545,  kc. 
Strut,  Struts, 
defined,  325,  547,  554. 
-tie,  defined,  325,  547. 
Stub's  gauge,  411. 
Stub  switch,  770,  771. 
Stucco,  426,  674. 
Stumps,  blasting  of,  663. 
Sub-delivery,  cost,  804. 
Submerged  weirs,  267  e. 
.Siibterranean  temperature,  215. 
Suddenly  applied  loads,  434  /, 
Sulphur,  weight,  884. 
Sun-dial,  to  make,  397. 
Supplement  of  angle,  56. 
Supported  joints,  763. 
Surcharge,  685,  Ac. 
Surface  velocity,  268. 
Surveying,  168. 
Suspended  joints,  763. 
Suspenders  of  suspension  bridges,  620. 
Suspension 
bridges,  615,  &c. 

cables  of,  412,  615,  Ac. 
links,  614. 
trasses,  548. 
^way-bracing,  543. 
Swing  bridged,  strains  in,  593. 
Switch,  Switches,  770,  Ac. 
Swivel,  583. 
Sycamore, 
strength,  434e,  436,  463,  493. 
weight,  384. 
Symmetry,  axis  of,  235. 
Syphon,  241,  Ac. 
System,  metric,  391. 
Systeme 
ancien,  393. 
osnel,  393. 


T. 

T  iron,  442,  525. 

rails,  760,  763. 
Table,  turning,  790. 
Tables.    See  the  article  in  question. 
Tallow, 

as  a  lubricant,  374c. 

weight  of,  384. 
Talus,  692. 
Tamping,  661,  Ac. 
Tangential 

angle,  table,  726-728. 

distance,  table,  726-728. 
Tangent,  Tangents,  59,  60. 

to  circles,  to  draw,  124. 

to  an  ellipse,  to  draw,  150. 


Tangent,  Tangents — continued. 

natural,  59. 
table,  60. 

to  a  parabola,  to  draw,  153. 

screw,  190,  202. 
Tank, 

frost-proof,  801. 

of  tender,  capacity  of,  805,  Ac,  808. 

thickness,  227,  803. 

track,  802. 

water,  800,  Ac. 
Tapping  of  pipes,  294,  299.- 
Tar,  weight,  384. 
Target,  signal,  772,  Ac,  775, 779. 
Tarpaulin.  680. 
Taxes,  railroad,  816. 
Teams,  speed  of,  743, 747. 
Telegraph  expense,  annual,  815. 
Temperature,  212.    See  Heat. 

of  air,  215. 

altitude,  efifect  on,  215. 

effect  on 
cement,  674,  675. 
evaporation,  222. 
metals,  Ac,  212. 
rails,  212,  763. 
rainfall,  220. 
strength  of  iron,  466. 
surveying  chains,  168. 
trusses,  614. 
velocity  of  sound,  211. 
weight  of  water,  217,  385. 

subterranean,  215. 

therm  ometera  ^13. 
Tender,  Tenders.  546,  805-810. 

-scoop,  802. 

weights,  546,  805,  Ac. 
Tensile  strength,  463. 

of  riveted  joints,  472. 
Teredo,  425. 
Terne  plates,  418. 
Terro-cotta  pipes,  279d. 
Test 

borings,  626,  633. 

of  cements,  674,  675. 

of  instruments,  191-206. 
Tetrahedron,  154. 
Theodolite,  193. 
Thermometers,  213. 
Thilmany  process,  425a. 
Thin  partition,  flow  through,  260. 
Three,  rules  of,  35. 
Three-throw  switch.  776. 
Three-way  valves,  302. 
Throat  of  frog,  781. 
Throw  of  switch,  773. 
Thrust,  line  of,  359,  Ac,  700. 
Tides,  219. 
Tie,  Ties, 

-beam,  561,  Ac. 

cross,  759,  804,  815. 

defined,  325,  547. 

land-,  692. 

rod,  661,  Ac. 
raised,  672. 

steel,  760. 

-strut,  defined,  325,  547.       , 

and  strut,  to  distinguish,  325,  590. 
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Timber.    See  alio  IPfood,  Wooden. 

beams,  deflections,  499. 
loads,  499,  502,  512,  513. 
for  railroad  bridges,  514. 

board  measure,  table,  420. 

cohesive  strength,  463. 

compressibility,  434  e. 

compressive  strength,  436. 

cost,  425. 

creosoting,  425. 

crushing  strength,  436. 

dams,  282. 

ductility,  434  «. 

durability,  425. 

elastic  limit.  434  «. 

friction  of,  373,  Ac. 

joints,  610,  612. 

limit,  elastic,  434  «. 

modulus  of  elasticity,  484  e. 

preservation  of,  425. 

shearing  strength,  476. 

splices,  610,  612. 

strength,  436,  463,  476, 477,  403. 

stretch  of,  434  «. 

tensile  strength,  463. 

for  ties,  759. 

torsional  strength,  477. 

transverse  strength,  403. 

trestles,  755. 

turntables,  797. 

weight,  881,  &c. 
Time,  396. 

-piece,  to  regulate  by  star,  305. 

standard  railway,  8^. 
Tin,  418. 

compressibility,  434  «. 

ductility,  434  «. 

elastic  limit,  434  «. 

expansion  by  heat,  212. 

leaded,  418. 

modulus  of  elasticity,  434  e. 

roofing,  418. 

strength,  438,  466. 

stretch  of,  434  •. 

weight,  385,  400. 
Tinned  steel  plates,  418. 
Tire, 
car-wheel,  811,  812. 
locomotive,  807. 

wagon,  380. 
Toe  of  switch,  771, 774,  786. 
Ton,  X,  387. 
of  coal,  volume  of,  389. 
-mile,  809,  &c,  814,  &c. 
Tongue 

of  frog,  780. 
-switch,  774. 
Tonite,  664. 
Tools,  wear  of,  743. 
Top  heading,  754. 
Torpedoes,  nitro-glycerine,  661. 
Torsion,  476. 

Toughened  cast-iron,  Sterling's,  520, 
Towers  of  suspension  bridges,  618,  620. 

valve  towers,  289. 
Town's  truss,  596, 
Tracing-cl^th  and  paper,  433. 
Track.    See  Rail, 
gauge  of,  773  814. 


Track — continued, 
laying,  cost,  804. 
repairs,  815. 
-scales,  803. 
stringers,  545,  Ac. 
tank,  802. 
trough,  802. 
Traction,  375. 
of  cars,  808. 
on  grades,  808. 
of  horses,  875,  3T7. 
of  locomotives,  808,  809. 
Trailing  switch,  770. 
Train, 
earthwork,  749. 
expenses,  815. 
-mile,  809,  Ac. 
weight,  546,  564. 
of  wheels,  342. 
Transformation  of  profile,  691. 
Transit,  the  engineer's,  188. 
Transmission  of  pressure  in  llqaidii,  5 
Transverse 
girders,  545,  Ac. 
strength,  478. 
Trap  rock,  weight,  384. 
Trapezoid,  120. 

center  of  gravity  of,  348,  Ac. 
Trapezium,  120. 

center  of  gi-avity  of,  348,  Ac. 
Traverse  table,  180-187. 
Tread,  765. 
of  car-wheel,  765. 
-wheel,  378,  611. 
of  wheel,  380,765. 
Trees,  blasting  of,  663. 
Trembling  of  dams,  286  b. 
Tremie,  680. 

Trenton  wire  gauge,  412. 
Trestles,  755. 
Triangle,  Triangles,  110. 
center  of  gravity  of,  348,  Ac. 
in  or  about  a  circle,  123. 
of  forces,  330,  688. 
mensuration  of,  110. 
right-angled;  112. 
Triangular  truss,  558. 
Trigonometry,  plane,  112. 
Tripod,  189. 
Trough, 
flow  through,  263. 
track,  802. 
Troy  weight,  387. 
Trunnion,  friction  of,  374d. 
Truss,  Trusses,  547. 
Bollman,  strains  in,  686. 
bow-string,  strains  in,  588. 
braced  arch,  strains  in,  592. 
bracing,  lateral,  610. 
bridge,  arrangement  of,  603,  Ac 
Burr,  601. 
camber,  607. 
cantilever,  593. 
for  centers,  716,  Ac. 
chords  of,  560,  612. 
contraction  by  obld,  614. 
cost,  680. 

counter-bracing,  564. 
crescent,  strains  in,  588. 
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Truss,  Trusses — continued, 
diagrams,  551,  Ac. 
dimensions,  for  bridges,  695-606. 
distance  apart  in  bridges,  609. 
erection  of,  608. 

expansion   by    heat,    allowance    lor, 
614. 
rollers,  614. 
eye-bars  and  pins,  612. 
factor  of  safety,  607. 
false-works,  608. 
Fink 
bridge,  arrangement  of,  60S. 

strains  in,  584. 
roof  compared  with  king  and  queen, 
678. 
strains  in,  574. 
floor  girders,  610. 
forces  acting  on,  551. 
headway,  609. 

horizontal  bracing,  642,  610. 
horiaentid  strains  in,  562,  591,  Ac. 
Howe,  594. 
joints,  588, 610,  612. 
king  and  queen^  551,  Ac. 

compared  with  Fink,  578. 
lateral  bracing,  610. 
lattice,  696. 

loads  on,  greatest  proteble,  far  bridges, 
600,62^. 
moTing,  546,  564,  805-^7. 
Moseley,  600. 

moving  loads  on,  546,  564,  »5^07. 
obliques, 
best  inclination  for,  648. 
to  find  length  of,  122,  608. 
overturning  tendency,  609. 
panel,  548. 
Paull,  598. 

pins  and  eye-bars,  612. 
posts  in,  549. 
Pratt,  596. 
purlins,  661,582. 
queen  compared  with  Fink,  578. 
rafters  of,  355,  661,  Ac,  582. 
raising  of,  608. 
rise  of,  effect  on  weight,  581. 
rollers,  expansion,  614. 
roof,  details,  682. 
forms  of,  561,  Ac,  670,  &c. 
strains  in,  651,  &c,  570^  Ac. 
safety,  factor  of,  607. 
splices,  610,  612. 
strains  in,  551,  Ac. 
suspension,  648. 
in  suspension  bridges,  615. 
suspension  links,  614. 
of  swing  bridges,  strains  in,  593. 
tendency  to  overturn,  609. 
tie-beams  in,  551,  Ac. 
Town's  lattice,  696. 
triangular,  558. 
verticals  in,  549. 
Warren,  558. 

counter-bracing,  668. 
weight  of,  alfeeted  by  rise,  681. 
weights  of,  for  bridges,  606. 
for  roofis,  673,  578-580. 


Tube,  Tubes.    See  also  Pipes. 

boiler,  405. 

brass,  seamless  drawn,  417. 

bubble,  to  replace,  193. 

copper,  seamier  drawn,  417. 

flow  in,  236,  Ac.    See  Pipes,  Flow,  Ac. 

iron,  405. 

Pitot's,  269. 

pressure  of  water  in,  232,  Ac,  239. 

seamless,  417. 

short,  flow  through,  259. 

welded,  405. 
Tumbling  lever,  772,  776,779. 
Tunnel,  764. 
Turf,  weight,  385. 
Turn-buckle,  583. 
Turnouts,  770,785. 
Turnpike,  grades  on,  723. 
Turntables,  790. 

cast-iron,  792. 

wooden,  797. 

wrought-iron,  793. 
Turpentine,  430. 
Tyler  switch,  770. 
Tympan,  379. 

u. 

Undecagon,  110. 
Unguia.  cylindric,  159,  351 9. 
Uniform  velocity,  307. 
Unit 

of  rate  of  work,  31S. 

of  work,  316. 
United  States 

cements,  673,  679. 

coins,  386. 

measures,  390. 
•   railroad  statistics,  814,  Ac. 

standard  dimensions  of  bolts,  Ac,  406. 
Unstable  equilibrium,  235,  348. 
Upright  switch-stand,  772. 
Upset  rods,  408. 
Useful  work,  318. 

V. 

Vacuum  process  for  sinking  cyiiuden^ 

647. 
Valve,  Valves, 

air,  297. 

four-way,  302. 

outlet,  290. 

stop,  301. 

three-way,  302. 

-tower,  289. 

for  water-pipes,  301. 
Variation 

of  compass,  196. 

line  of  no,  197. 

vernier,  193. 
Vegetation  in  reservoirs,  289. 
Vehicles,  friction  of,  3746. 
Vein,  contracted,  258,  260. 
Velocity,  Velocities. 

of  abrasion,  279/. 

accelerated,  307. 

through  adjutages,  269. 

affected  by  material  of  pipe,  244. 

angular,  365. 
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Velocity,  Velocities— continued. 

through  apertures,  257,  Ac. 

of  approach,  267  g. 

in  channels,  268,  Ac. 
Kutter's  formula,  271. 

defined,  307. 

effect  of,  on  friction,  374. 

of  falUng  bodies,  258,  362. 

head,  237. 
for  a  given  velocity,  to  find,  248. 

imparted  gradually,  ai. 

on  inclined  planes,  363. 

Kutter's  formula,  244,  271. 

material  of  pipe,  effect  on,  244. 

mean,  243,  268,  Ac. 

of  outfiow,  258. 

in  pipes,  243,  Ac,  245,  Ac. 

retarded,  807. 

in  rivers,  268,  Ac. 

in  sewers,  279c. 

in  short  tubes,  259. 

of  sound,  211. 

theoretical,  of  outfiow,  258. 

of  trains,  8<>9. 

uniform,  90T. 

virtual,  339. 

of  water,  236,  Ac. 

of  wind,  216. 
Vena  contracta,  258,  260. 
Ventilation, 

air,  quantity  required,  215. 

of  tunnels,  754. 
Venturl  meter,  260. 
Vernier,  190. 

variation,  193. 
Verrugas  vfauiuct,  758. 
Versed  sines,  59. 
Vertical,  Verticals, 

defined,  54. 

of  buoyancy,  235. 

of  equilibrium,  235. 

of  fiotatioB,  235. 

strains  in  beams,  532. 

in  a  truss,  547. 
Vessel,  Vessels, 

air,  298. 

contents  of,  154,  Ac,  390,  Ac. 

floating,  235,  236. 

metallic,  effect  of  water  on,  218, 419. 
Viaduct, 

Crumlin,  756. 

Genesee,  756,757. 

Kinzua,  758. 

Lock-Ken,  599,  647. 

Portage,  756,  767. 

Verrugsw,  758. 
(Vibrating  txKlies,  364. 
i^ibration,  364. 
Virtual 

head,  258, 280. 

velocities,  339. 
risviva,318a. 
roids 

in  broken  stone,  380, 678,  751. 

in  concrete,  678. 

in  rubble,  669,  741. 

in  sand,  384, 677. 

'ussoir,  (i93. 


w. 


Wages,  locomotive,  810, 815. 
Wagons,  friction  of,  374b. 
WaU,  Walls, 

backing  of,  683. 

battered,  685,  Ac. 

bricks,  number  in  a  sq  ft  of,  669-67t. 

cost,  667,  668. 

dam,  229,  Ac,  282,  287. 

face,  683. 

fonndations  for,  633,  Ac. 

incrustation  of,  673,  678. 

offset,  683. 

plates,  524,  544,  614. 

of  reservoirs,  287. 

retaining,  683. 

soap-wash  for,  672. 

spandrel,  693,  Ac. 

stabiUty  of,  229,  686. 

surcharged,  685,  Ac. 

water,  to  render  impervioas,  672. 
to  resist  pressure  of,  229,  Ac. 

wharf,  236,  691. 

wing,  704. 
Walnut, 

strength,  436,  463,  493. 

weight,  385. 
Ward's  flexible  pip^oint,  296. 
Warming  by  steam,  surface  required,  399t 
Warren  truss,  568,  568. 
Washers,  406. 

lock-nut,  408. 
Washes  for  walls,  430,  Ac,  672. 
Washington  monument,  concrete,  679. 
Waste, 

for  locomotives,  cost,  810, 815. 

of  water,  in  cities,  287. 

weir  for  reservoirs,  289. 
Watch,  to  regulate  by  star,  395. 
Water,  217. 

for  boilers,  top  of  218. 

boiling,  to  measure  heights  by,  209. 

buoyancy,  234,  Ac. 

brick-work,  to  render  impervious,  67^ 

in  cement,  quantity  required,  675,  678. 

cisterns,  SS8,  800-803. 

column,  801. 

compensation,  290. 

composition  of,  217. 

compressibility  of,  217. 

concrete  under,  680. 

corrosion  by,  218,  645. 

dams  for,  229,282. 

discharge.    See  Discharge. 

effect 
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Water — continued, 
jot,  for  pile-driving,  64G. 
leakage,  23^  269, 282, 288. 
for  locomotives,  218,  801-810,  815. 
masonry,  to  render  impervious,  672. 
meters,  270. 
momentum  of,  234. 
pipes,  290,  <&c.    See  also  Pipes. 
in  pipes.     See  Pipes,  Velocity,  Flow, 

Discharge,  Pressure,  Ac. 
poveer,  280. 
pressure,  222,  Ac,  239. 
in  cylinders,  232. 
in  pipes,  232,  Ac,  239,  257. 
running,  279/,  Ac. 
still,  222. 

walls  to  resist,  229,  Ac. 
quantity  required  in  cities,  287. 
rain,  218,  386. 
ram,  231,  298,  303. 
reservoirs  for,  287,  Ac. 
resistance  to  moving  bodies,  280. 
running,  pressure  of,  279/,  Ac 
salt,  effect  on  metals,  218,  645. 
scouring  action,  279/ 
■izeof  tfommercial  measures  by  weight 

of,  891. 
stations,  800. 
storage  of,  288. 
supply,  287,  Ac. 
tank,  thicknesses,  803. 
traction  on,  375. 

in  tubes,  flow  0^230,  Ac.  See  also  Flow, 
velocity.    See  Velocity, 
walls,  to  render  impervious,  672, 

to  resist  pressure  of,  229, 236. 
way,  contraction  of,  708. 
weight  of,  217,  385. 
in  pipes  one  foot  long,  246. 
size  of  commercial  measures  by,  391. 
wheel,  280. 
Wax, 

weight,  386. 
Way, 
permanent,  759. 
station,  cost,  803. 
Wear 
of  cars,  811. 
of  locomotives,  811. 
of  rails,  760. 
of  ropes,  414. 
of  ties,  759. 
of  tools,  743. 
of  wheels,  807, 812. 
of  wire  ropes,  414. 
Web 
of  beams,  529. 
members  of  truss,  547. 
of  riveted  girders,  539,  540. 
Wedge,  Wedges, 
mensuration  of,  161. 
striking,  for  centers,  711, 712,  720. 
Weight,  Weights,  381,  Ac.    See  also  the 
article  in  question, 
of  centers  for  arches,  719. 
on  driving  wheels,  546,  564,  805,  Ac. 
French,  old,  393. 
and  measures,  385,  Ac. 


Weight,  Weights-HJontinued. 
metric,  381,  Ac,  393. 
Russian,  394. 
Spanish,  394. 

of  substances,  table,  381.    See  also  the 
article  in  question. 
Weir,  265,  Ac. 

measuring,  265,  286. 
Well,  Wells, 
artesian,  627. 
boring,  626. 
contents,  157. 

masonry,  quantity  in  walls  of,  158. 
Wellhouse  process,  425a. 
Westing,  168. 

Westinghouse  experiments,  .374. 
Wet 
perimeter,  244. 
rot,  426. 
Wharf 
spikes.  762. 
walls,  236,  601. 
Wharton  switch,  778. 
Wheel,  Wheels, 
and  axle,  339. 

barrows,  loads  of;  746,  Ac,  703. 
base,  729,  731, 805,  Ac. 
of  car,  812. 
cog.  342. 
driving,  805,  Ac. 

loads  on,  646,  564, 806-807. 
of  locomotives,  805,  Ac 

loads  on,  546,  564,  805-807. 
meters,  270. 
Persian,  379. 
and  pinions,  342. 
skidding  of,  374a. 
tire  of,  locomotive,  805,  Ac 
of  cars,  812. 
of  wagon,  380. 
train  of,  342. 
tread  of,  380, 766. 
tread-,  878,  641. 
water-,  280. 
Wheeled  scrapers,  747. 
White  effervescence  on  walls,  673,  678. 
lead  paint,  429. 

-wash,  431.  .      ^^ 

Whitworth  screw  thread,  Ac,  406. 
Widths  of  bridges,  542,  609. 
Winch,  339, 378. 
Wind,  216. 
effect  on  suspension  bridges,  616. 
miUs.  801. 
_pressure  on  roofs,  216,  580,  581. 
wing 
of  fh)g,  780. 
-walls,  704. 
Wire,  410-412. 
brass,  copper,  411. 
fence,  803. 
gauges,  410-412. 
iron,  steel,  412. 
rope,  413. 
strength,  464. 
W6hler*8  law,  435. 
Wood.    See  Timber,  Wooden, 
board  measure,  table,  420. 
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Wood— continued. 

coheeiTe  strength,  463. 

compreflsibility,  434  «. 

compreMdve  strength,  436. 

creosoting,  426. 

cruBhing  strength,  436. 

De  Volson,  rock-drill.  657. 

ductiUty,  434  •. 

durabiUty,  425. 

effect,  on  cement,  678. 
of  lime  on,  670. 
of  mortax  on,  670. 

elastic  limit  o<,  434  «. 

expansion  by  heat,  212. 

friction  of,  373,  Ac. 

Aiel,  810,  Ac. 

limit  of  elasticity,  434  e. 

modulus  of  elasticity,  434 «. 

preservation  of,  425. 

shearing  strength,  476. 

shingles,  429. 

specific  gravity  of,  381,  Ac. 

strength,  436,  463,  476,  477, 498. 

stretch  of,  434  «. 

tensile  strength,  463. 

torsional  streng^,  477. 

transverse  strength,  constants  for,  408. 

weight,  381,  Ac. 
Wood's  frog,  786. 
Wooden 

beams,  493,  Ac.    See  Beams,  Wooden. 

bridges,  514.    See  also  Truss,  Trestle, 
Bridge,  Ac. 

dams,  282. 

pillars,  458,  Ac. 

pipes,  294. 

trestles,  755. 

turntables,  797. 
Work,  316. 

of  friction,  374/. 
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Work— continued. 

rate  of,  unit  of,  31R. 

unit  of,  316. 

useful,  318. 
Worid,  railroad,  miles  in,  818. 
Worm  fence,  803. 
Worms,  sea,  426. 
Wrecking  car,  760. 
Wruug^t-iron.    See  Iron,  Wrought. 

Y. 

Yard,  Yards,  386,  387. 
cubic,  of  earthwork,  732. 

equivalents  o^  389. 
Yielding  of  centers  for  arches,  713,  Ac, 

720. 

z. 

Zigzag  riveting,  470. 
Zinc,  418. 

effect  of  cement,  mortar,  Ac,  on,  67(\ 
673. 
of,  on  water,  419. 
of  water  on,  219. 

expansion  by  heat,  212. 

paint,  429. 

paint  on,  403. 

price,  419. 

roofing,  418. 

sheets,  418. 

strength,  oompreasive,  438. 

weight  of,  386,  398i  400, 401,  4ia 
Zone,  Zonee^ 

circular,  146. 

of  circular  spindle*  167. 

parabolic,  162. 

spherical,  166.  ^      ^ 

center  oT-gra^ity  of,  351  f. 
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Messrs.  HELLER  &  BRIGHTLY  publish  a  book  containing  tables  and 
niaps  useful  to  Civil  Engineers  and  Surveyors ;  also  contains  much  valuable 
information  respecting  the  selection,  proper  care,  and  use  of  field  instru- 
ments. A  copy  of  this  book  they  send  by  mail,  post-paid,  to  any  Civil 
Engineer  or  Surveyor  in  any  part  of  the  world,  on  receipt  of  a  postal  card 
containing  the  name  and  post-office  address  of  the  applicant. 
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WESTERN  WHEEL  SCRAPER  CO., 


MANUFACTURERS  OF  THE  ONLY  PERFECT 

WHEELED  SCRAPERS, 

DRAG  SCRAPERS, 

Grading  and  Road  Plows, 

ROAD  GRADERS  AND  WAGONS. 


MT.  PLEASANT,  IOWA,  U.  S.  A. 


C.  H.  SMITH,  General  Manager. 
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Cambria  Steel 

STEEL    I2/.A.ILS, 

Standard  and  Light  Weights, 

STREST  RAILS,  iSD  mWAT  FASTffllBGS, 

Bessemer  and  Open-Hearth  Blooms,  Billets,  and  Bars, 

STEEL   AXLES,  STEEL   CASTINGS, 

STEEL  ANGLES,  STEEL  FORGINGS, 

STEEL  CAR  CHANNELS. 


ADDRESS: 


CAMBRIA  IRON  COMPANY, 

Office:   218  South  Fourth  St.,  Philadelphia,  Pa. 

Works:   JOHNSTOWN,  PENN'A. 


MERCHANT  STEEL,        PLOW  STEEL, 

RAKE  TEETH,    HARROW  TEETH, 

AGRICULTURAL  IMPLEMENT  STEEL, 

OOLX)    I?;OLIL.E3D    STEEL, 
LINKED  BARBED  WIRE. 


ADDRESS : 

GAUTIER  STEEL  DEPARTMENT, 

Of  Cambria  Iron  Co.,  at  JOHNSTOWN,  PA. 


PHILA.  OFFICE  \  218  South  Ftrartt  Street. 
HEW  YOBKi  104  Boade  Street.  OSIOAGO:  FheiOx  Building. 
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WM.  SELLERS  &  CO. 

INCORPORATED, 

ENGINEERS  AND  MACHINISTS. 


3-0'xi:-X)Bias  of- 


Haii  Tools  for  Woriie  Iron  oi  M 

IMPROVED  TURNTABLES  FOR  LOCOMOTIVES, 
CARS  AND  PIVOT  BRIDGES. 


High  Speed  Power  Traveling  Cranes  ^  Hand  or  Power  Swing  Cranes. 
aiiAFTiiro  41TD  aisIj  its  apbubtxhtaitcxis. 


Injectors  for  Locomotives  #>  Stationary  Boilers. 

0£Bloe  and  Works:  PTTTT ■  A DELPm A,  PA. 

OTTO  GAS  ENGINE  WORKS, 

Thirty-Third  and  W^alnut  Sts., 
JPHILA  DELPHI  A. 


OTTO  GAS  ENGINES, 

FROM 

One-Third  to  One  Hun- 
dred Horse-power. 


CAN  BE  USED  WITH  COAL-SAS  OR  SASOLINE. 


We  guarantee  one  and  half  pounds  of  Coal,  per  Horse- 
power per  hour,  for  Otto  Gas  Engines,  combined 
with  Producer  Gas  Generators. 
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Pencoyd  Iron  Works. 

A.  and  P.  ROBERTS  &  CO., 

Manufacturers  of 

Wrought  Iron  and  Open  Hearth  Steel, 

BEAMS,  CHANNELS,  ANGLES,  TEES,  DECK 
BEAMS,  BARS,  SHAFTING. 

Special  Shapes  for  Car,  Ship  ami  Bridge  Builders;  also  for  Cable  Raihvay  construction. 


ROLLED   OR   HAMMERED 

CAR  AXLES  OF  IRON  or  STEEL. 

special  attention  g^iven  to  High  Temt  Iron  or  Steel  for 
particular  requirements. 


WORKS  AT  PENCOYD,  PENNA.  OFFICE.  261  S.  FOURTH  ST.,  PHILA. 

FlGOYD  BBIDGE  &  GONSMHON  CO. 

DESIGNERS  AND  MANUFACTURERS  OF 

Railroad  Bridges, 


And  all  Olasses  of  Strnctures  Composed  of 

STEEL  OR  IRON 


C.  C.  SCHNEIDER,  Chief  Engineer.  JAMES  CHRISTIE,  Mechanical  Engineer. 


NEW  TOBK  OFFICE:  PHUADEiPHIA  OFFICE: 

192  BrMdwny.  281  S.  4tli  Street. 

-r- — WORKS  AT  PENCOYD,  PENNA. — -^ 
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Pennsylvania  Steel  Co. 

MANUFACTURERS  OF 

STKETL  EAILS. 

All  Standard  Patterns  of  T-RaHs  f>om  16  lbs.  per  yard  to  the  heayiest. 

Tramway  and  Street  Railway  Ralls  of  Tarions  desirable  patterns* 

STEEL  SPLICES,  An^le  or  Plain,  to  lit  Rails  of  all  patterns. 

STEEL  FORGINGS,    STEEL  BLOOBIS, 

07  QUAIiITIBS  8UITABLB  FOB  ALL  FUBFOSES. 

Rolled  Steel  Bars  of  all  siaes  in  Meroliant  Shapes* 

CAPACITY,  -  -  450,000  GROSS  TONS  PER  ANNUM. 
iSTEEL  RAIL^S^^FROGS, 


RAILROAD  FROGS  AND   CROSSINGS. 

I  The  Special  ImproTemenU  in  Froga  introduced  and  made  solely  by 
this  Company  are  nsed  and  approved  as  Standard*  on  many  of  the 

I  moat  important  railroads  all  over  the  country,  and  give  alwaya  the 
beat  poajuble  service.  Kade  in  aU  desired  Patterns,  and  adapted  to 
all  conditions  of  service.   The  capacity  of  the  Frog,  Switch  and 

'  Signil  Department  greatly  exceeds  that  of  any  other  oimilar  manu- 
factory in  this  or  other  countries. 

SPLIT  SWITCHES  and  SAFETY  SWITCHES, 
SWITCH 

STANOS- 
and  FIXTURES, 

or  manjr  Patterns  with 
Important  ImproTementg. 

MAGIVETO-ELECTBIC  ALARM  SIGNALS, 

For  Signaling  approach  of  Railway  Trains  at  Crossings  and  Stations. 

»o  Batteries  -ElecWcity  from  Permanent  Magnets,  easily  kept  in  crder  by 

ordinary  help.   No  winding-up.   Wo  danger  of  freesing. 

ELECTRIC  SEMAPHORE  SIGNALS,  WORKED  AT  ANY  DISTANCE. 

iPvalnafale  at  Order  Stations,  Water  Tanks  and  Junctions. 

Works,   at  f  General  Financial  Office  at 

]  208  S.  4th  St.,  PHILAD'A,  PA. 

New  York  Sales  Office,  No.  2  Wall  St 
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BEMENT,  MILES  &  CO., 

PHILADELPHIA,  PA., 


BUILDERS  OF 


EUimiim  MCHl  TOOLS 


FOR 


Railroad  Shops, 

Locomotive  and  Car  Builders, 

Machine  Shops, 
Rolling  Mills,  Steam  Forges, 

Ship  Yards,  Boiler  Shops, 

Bridge  Works,  etc.,  etc. 

Q 
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J.  H.  BLESSING, 

President. 

JAMES  CLARK, 

Vice-President 

JOHN  K.  HOWE^ 

Sec'y  and  Treas. 

Osgoo(d  Dredge  Co., 

37  State  St.,  Albany,  N.  T. 

MANUFACTURERS  OF 

DREDGES,  EXCAVATORS, 

AND  ALL  KINDS  OF 

HOISTING  MACHINERY. 


Designing  Machines  for  Unusual  Work 
a  Specialty. 


Capacity  of  Dredges,         50  to  5000  cubic  yards  per  day. 
Excavators,  500  to  3000         *'  ** 

We  can  prove  supe- 
riority in 

POWEE, 

DUEABILITY, 

EPPIOIENOY, 

ECONOMY. 
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NATIONAL  TUBE  WORKS  CO. 


MANUFACTURERS   OF 


Lap-Welded  Wroujlit  Iron 

Steam,  Gas,  Water,  Line  and  Drive  Pipe, 
Artesian  and  Oil  Well  Tubing, 

Artesian  and  Oil  Well  Casing, 

Kalamein  Water  and  Gas  Pipe, 
Standard,     Steel,    Semi-Steel,    Franiclinite    and 
Diamond  Locomotive  Boiler  Tubes. 


CONVERSE  PATENT  LOCK-JOINT  PIPE, 

Fittings,  Tools  and  Appurtenances, 
FOR  WATER  AND  GAS  WORKS. 

Par  superior  to  Cast^ron  Pipe.    Positively  no  corrosion, 
leakage  nor  tuberculous  incrustation. 


Pump  Columns  and  Light  Flanged  Pipe, 

Macic's  Patent  Injectors. 


Works:  MoKEESPOET,  PA.,  and  BOSTON,  MASS. 


OFFICES  AND  WAREHOUSES: 

BOSTON,  ITASS 70  Federal  Street. 

<;H1CACI0,  ills Oor.  Clinton  and  Falton  Streets. 

NKW  YORK,  N.  Y 160  Broadway. 

PITTSBUUGH,  FA I^ewiK  Baildinfir. 

ST.  LOUIS,  MO 9a8-40-42-44  N.  Second  Street. 

PHILADELPHIA,  PA 216  South  Third  Street. 
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CHAPMAN  VALVE  MANTG  CO.. 

MANUFACTURERS  OF 

Valves  &nd  Gates  for  Water,  Gas, 
Steam,  Oil,  Ammonia,  &c. 

Gate  Fire  Hydrants, 

With  and  Without  Independent 
Valvet  on  Nczzlet. 

ALL  WORK  GUARANTEED. 

Send  for  Illustrated 
Catalogue  and  Price  Iiist. 


Works  and  General  Office:  I  Treasurer's  Office i 

INDIAN   ORCHARB,  72  Killiy  &  112  BfUk  St., 

TWrASS.  I  BOSTOIT. 

Chtcayo  House :  24  West  I^ake'Ht.,  €hicaipo. 

CARNEGIE,  PHIPPS£  CO.  (Lioited), 

Branch   Office:   48   Fifth   Avenue, 

PITTSBURGH,  PA. 

WORKS: 

Homestead  Steel  Works,  Upper  Union  Mills,  Lower 
Union  Mills,  Beaver  Falls  Mills,  Lucy  Furnaces. 

IVI A  NT  JIT  ACT  U  RK 

IRON  AND  STEEL  I  BEAMS, 

Jncitidiuff  24:^^  Section  of  Steel;  BrUlge  Iron  ami 

Steely  Channels^  Angles ^  Tees  and  Odd  Sections; 

JPlat^s,  J-Bails,  Ancles^  TAnks  and  Pins;  Wire 

Bods,  JVive  yails.  Open  Hearth  and  Bes~ 

seiner  Blooms,  Billets  and  Slabs  ; 

Forgings  of  all  kinds, 

SPECUL  ATTENTION  GIVEN  TO  UNUSUAL  SHAPES  AND  SIZES. 
12 
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THE  BETHLEHEM  IRON  CO., 

South  Bethlehem,  Pa.,  U.S.A. 


MANUFACTURERS  OF 


HOLLOW  STEEL  SHAFTING, 

Gun  and  other  Forcings, 


Fluid  Compressed,  Hydraulic  Forged  Steel, 

Steel  Rails,  Billets,  Blooms,  Slabs  and  Muck  Bar, 

Specialty  of  Extra  Quality  Bessemer  and  Open  Hearth. 


ROBT.  P.  LINDERMAN,  Pres.  C.  O.  BRUNNER,  Treasurer. 

KOBT.  H.  SAYRE,  Gen.  Manager.       JOHN  FRITZ,  Chief  Eng.  and  Gen  Supt. 

ABRAHAM  S.  SCHROPP,  Sect.  R.  W.  DAVENPORT,  Assist.  Supt. 

The  New  Jersey  Steel  and  Iron  Co., 

TI?.E3ISrT03Sr,  IT.  J. 

WROUGHT  IRON  and  STEEL  BEAMS, 

Channels,  Angles,  Tees,  Merchant  Iron, 

DIE-FORGED  WELDLESS  EYE-BARS, 

Chains,  Rivets,  Bolts,  Etc. 

CONSTRUCTORS  OF 

BRMES,  ROOFS,  aM  OtHer  IRON  and  STEEL  STRDCTURES. 


N.  Y.  OFFICE,  17  BURLING  SLIP. 

COOPER,  HEWITT  &  CO. 

DESIGNS  AND  ESTIMATES  FURNISHED   ON   APPLICATION. 
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Morris,  Wheeler  &  Co., 

1608  Market  St.,     400  Chestnut  St., 


BARS,  BEAMS,  CHANNELS  AND   SHAPES, 
STEEL  SLABS  AND  BILLETS. 

Sheared  and  Universal  Mill  Plates,  of  Iron  and  Steel, 

FOB  SHIPS,  BOII.ERS  AND  BRIDGES. 

iROH  #  STEEl  CUT  KAILS  *  SPIKES,  STEEL  KM  NAILS. 

IRON  AND  STEEL  OF  ALL  DESCRIPTIONS. 

Large  and  Well-assorted  Stock  always  in  Warehouse. 

LINK-BELT  ENGINEERING  GO, 

PHILADELPHIA  AND  NEW  YORK. 


DODGE  CHAINS, 

EWART  DETACHABLE  LINK-BELTING, 
SPROCKET  WHEELS. 


ELEVATORS, 

CONVEYORS  and 

DRIVING  MACHINERY.* 


COMPLETE  OUTFITS  DESIGNED  AND  FURNISHED  FOR 
HANDLING    ANY    MATERIALS. 

LINK-BELT  MACMERT  CO.,  CHICAGO. 

14 
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HENRY  G.  MORSE.  President. 
AVILLIAM  SELLERS.  Vicc-Pres.  WILLIAM   F.  SELLERS,  Secretary. 

WM.  H.  CONNELL,  Treasurer.  F.  W.  HEISLKR,  Purchasing  Agent. 

EDOE  HOOR  BRIDGE  WORKS 

DESIGN  AND  MANUFACTURE 

Railway  Bridges,  Viaducts/t'Roofs, 


IN    STEEL   AND   IRON. 


Tensile  Members  Forged  without  the  Addition  of  Extraneous  Metal,  and 

without  Welds,  Piles  or  Buckles. 

Compressive  Members  Manufactured  by  Processes  which  Insure  an 

Entire  Absence  of  Constructional  Strains. 


WROUGHT-IRON    TURN-TABLES, 

With  Centres  of  Conical  Steel  Rollers  and  Steel  Plates. 


MAIN  OFFICE  AND  WORKS  AT 

EDGE  MOOR,  ON  DELAWARE  RIVER. 

Post-Offiee,  Wilmiiiirt^ny  Delaware. 

The  Standard  and  Only  Work  upon  its  Subject,  and  the  Most  Elaborate 
and  Complete  Treatise  on  Railway  Construction  and  Operation  ever 
published.  

THE 

ECONOMIC  THEORY 


Location  of  Railways. 

AN  ANALYSIS  OF  THE  CONDITIONS  CONTROLLING  THE 
LAYING  OUT  OF  RAILWAYS  TO  EFFECT  THE  MOST 

JUDICIOUS  EXPENDITURE  OF  CAPITAL.  ^ 

By  ARTHUR  MELLEN  WELLINGTON,  M.  Am.  Soc.  C.  E. 
Revised  and  Enlarged  Edition,  1000  Pages,  205  Tables,  314  Engravings  and  Plates 

PUBLISHED  AND  FOR   SALB  BY 

Engineering  |Vp^ 

AND 

AMCRICAN  RAILWAY  JOURNAL. 

TRIBUNE  BUILDING,  NEW  YORK. 

Single  Copies,  $5.00,  post-free.    Five  Copies,  by  Express,  C.  O.  D.,  $20.(V* 
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Union  Bridge  Co. 


0  MiCBOMiLD.  0.  &  MiURIOI.  610.  S.  FIELD.  BDMUKD  liTIS. 


IRON  BRIDGES. 

WORKS:  ATHENS,  PA. 

(No.  1  Broadway,  N<>w  Tork. 
OFFICES: ^24  Hayeii  Baildinv,  Bnffiilo,  New  York. 
(Athens,  Bradford  Co.,  Pa. 


IRON,  STEEL  AND  COPPER,  fl^'^kti^Silot^i 


Won,  Steel,  ^^TIRIS  and  Copper 

BARE  AND  INSULATED  COPPER  WIRE  FOR 
ELECTRICAL  PURPOSES. 


JOHN   A.  ROEBLING'S   SONS    CO; 

NEW  YORK  OFFICE,  117  and  119  Liberty  Street. 

Work*:  TRENTON,  X.J. 
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INGERSOLL-SERGEANT 

ROCK  DRILL  CO., 

10  Park  Place,  New  York. 
AIR    COMPRESSORS, 

ROCK  DRILLS, 

Mining,  Tunneling,  Quarrying  IVIachinery, 
SUBMARINE  DRILLING, 

Blasting  Apparatus. 

Twenty-four  of  the  twenty-eight  large 
tunnels  which  have  been  driven  with  ma- 
chine drills  in  this  country  have  employed 
the  Ingersoll  Drill. 

Send  for  complete  priced  Catalogue,  with 
facts  and  figures  pertaining  to  Mining,  Tun- 
neling and  Quarrying.  

Founded  by  Matthew  Carey,  1785.  Centennial,  January  25th,  1885. 


FOR  PRACTICAL  MEN. 

Our  new  and  revised  Catalogue  of  PiLfVCTiCAL  and  Scientific 
Books,  84  pages,  8vo. 

A  catalogue  of  books  on  Steam  and  the  Steam  Engine,  Mechan- 
ics, Machinery  and  Dynamical  Engineering,  and  a  Catalogue  of 
Books  on  Civil  Engineering,  Bridge  Building,  Strength  of 
Materials,  Railroad  Construction,  etc. 

A  Catalogue  of  a  Miscellaneous  Collection  of  Practical  and 
Scientific  Books,  a  list  of  Books  on  Electro-Metallurgy,  etc. 

A  list  of  leading  books  on  Metal  Mining,  Mltallurgy,  Min- 
eralogy, Assaying,  Chemical  Analysis,  etc. 

List  of  Books  on  Dyeing,  Calico  Printing,  Weaving,  Cotton 
and  Woolen  Manufacture,  and  two  Catalogues  of  Books  and  Pam- 
phlets on  Social  Science,  Political  Economy,  Protection,  Free 
Trade  and  the  Tariff,  etc.,  and  other  Catalogues  and  Circulars,  the 
whole  covering  every  branch  of  Science  applied  to  the  Arts,  and  a 
Circular,  32  pages,  showing  full  Table  of  Contents  of  the  **The 
Techno-Chemical  Receipt  Book,"  sent  free  and  free  of  postage  to 
any  one  in  any  part  of  the  world  who  will  furnish  his  address. 

HENRT  CARET  BAIRD  &  CO., 

Industrial  Publishers,  Booksellers  and  Importers, 

810  Walnut  St.,  Philadelphia,  Pa.,  U.  S. 
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GOLD    MEDAL.,  CHRIST    THURCH,  N.  Z. 
SILVER  MEDAL.,  HIGHEST  AWARD, 

Amsterdam,  1883.  --Calcutta,  1884. 


BROOKS,  SH00BRID6E&  CO., 

BEST  ENGLISH 

PORTLAND  CEMENT. 

OHAS.  J.  STEVENS,  Agent, 

7  Bowling  Green,  New  York. 


WORKS:  GRAYS,  ESSEX,  ENGLAND. 


ESTABLISHED  1844. 


SAMUEL  H.  FRENCH  &  CO., 

York  Avenne,  Fourth  and  Callowhill  Sts., 
PHILADELPHIA,  PA. 

MANUFACTURERS  AND  IMPORTERS  OF 

PAINTS,  PLASTER  AND  CEMENTS. 

PEERLESS  COLORS  FOR  MORTAR. 


BUILDERS'    SUI»r»LIES. 

We  solicit  copr'espondence."®> 

'**  I 
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ESTABLISHED    1881. 

BALDWIN  LOCOMOTIVE  WORKS. 


XtOOOX^OTXVS    XSlTO-XliTSS 

Adapted  to  every  variety  of  service,  and  built  accurately  to  standard  gauge 

aod  templatefi.    Like  parts  of  ditferent  engines  of  same 

class  perfectly  int^^rchangeabio. 


Broad  and  Narrow-Qaoge  Locomotives i  Mine  Locomotives  by  Steam  or 

Oompressed  Air; 

Plantation  LocomotiTesi  Koisaless  Motors  for  Street  BailwaySf  etc 


BUBNHAII,  FABB7,  WILLIAMS  &  CO.,  Proprietors, 

PHILADELPHIA,  PA. 

J.  G.  BRILL  COMPANY, 

P  H  I  LAPELPH  I  A . 

BUILDERS    OF 

Railway  and  Tramway  Cars. 


ELECTRIC,  CABLE  and  SUBURBAN  CARS, 

STREgT   CAR   SUPPLIES.^         . 
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R.  D.WOOD  &  CO., 

ENGINEERS,  IRON    FOUNDERS   AND   MACHINISTS, 

Philadelphia,  Pa. 


Water  Works  Machinery, 

CAST-IRON  PIPE, 

FIRE  HYDRANTS,  VALVES, 

HYDRAULIC  TRAVELLING  CRANES, 

PRESSES,  Etc. 
GAS  WORKS   MACHINERY, 

GAS   HOLDERS, 

FRAMELESS  GAS  HOLDERS, 

Purifiers,  Scrubbers, 

CONDENSERS,   ROOFS. 
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THE 


Standard  Steel  Works, 
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MANUFACTURERS  OF 


LOCOMOTIVE   AND 
CAR-WHEEL 


TIREB 


THE  MIDVALE  STEEL  COMPANY. 


AXLES,  FORGINGS  AND  CASTINGS, 

TOOL,  MACHINERY  AND  SPRING  STEEL. 

\A^ORKS   AND   OFFICE: 

NICETOWN,  PHILADELPHIA,  PA. 
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WE  ARE  ISSUING  A  SERIES 

OF 

VALUABLE  CATALOGUES 

OF 

SCIENTiriC  TEXTBOOKS  and  PRACTICAL  WORKS 

OF 

OUR  OWN   PUBLICATION, 

arrangred  under  subjects,  giving  full  titles  and 
descriptions,  with  press  and  other  notices,  thus 
supplying  to  those  interested  in  such  works 
fuller  information  as  to  the  character  and  value 
of  the  same  than  is  found  in  ordinary  Cata- 
logues. 

We  have   now  ready,  and  will   mail  free  to 
any  one  ordering  them,  the  following : 

No.       I.  CIVIL  BNG-INEERINa 

II.  MATERIALS  OF  ENaiNEERING. 
IIL  BRIDG-ES,  ROOFS,  Etc. 
IV.  HYDRAULICS,  Etc. 
V.  STEAM-ENGINES,  BOILERS,  Etc. 
VI.  CHEMISTRY,  ELECTRICITY,  Etc. 
VII.  MATHEMATICS,  ASTRONOMY,  Etc. 
VIII.  ASSAYING,     METALLURGY,     MINERAL- 
OGY, Etc. 
IX.  ART,    DRAWING,    PAINTING,    ENGRAV- 
ING, Etc. 
X.  ARCHITECTURE,     CARPENTRY,     STAIR- 
BUILDING,  Etc. 
XL  MECHANICS,  MACHINERY,  MANUFACT- 
URES.      

JOHN  ^^rTl^lBrr  a.  sons, 

/%3  Eh  St  Tenth  St.^  New  York. 
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stow  Flexible  Shaft  Co.,  Limited, 

Twenty-Sixth,  Callowhill  and  Biddle  Sis., 
PHILADELPHIA,  PA., 


Manufacturers  of 

FLEXIBLE  SHAFTS, 

and  all  kinds  of  Machines  to 
be  used  with  them. 

Portable  Drilling,  Tapping,  Ream- 
ing and  Boring  Machines.  Also, 
Portable  Tools  for  Emery  Wheel 
Grinding,  Metal,  Wood  and  Stone 
Polishing,  Cattle  Brushing  and  Clip- 
ping, etc. 

Buildei-N  of  Special  Mflcliiii4>N 

FOR 

Railroads,    Bridge    and    Boiler 
Makers,  Contractors,  etc. 


BARR  PUMPING  ENGINE  CO., 

Germantown  Junction, 
PHILADELPHIA,  PA., 

MANUFACTURERS   OF 

HIGH  GRADE  PUMPING  ENGINES 

FOR 

Water  Works,   Furnaces,   Rolling  Mills,  Steel 
Works,  Hydraulic  Elevators,  etc.  etc. 

Catalogues,  Photographs  or  detailed  Blue  Prints, 

together  with  Prices  or  Estimates, 

sent  on  application. 
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BRICK  MACHINERY. 

10,000  to  70,000  Bricks  per  day  capacity. 
•    CLAY-CRUSHING  ROLLS, 

Pug  Mills,  Mixing  Machines,  Elevators. 

4»-SEND  FOR  CATALOGUE.-®* 

CHAMBERS  BROTHERS  CO., 

Fifty-Second  Street,  below  Lancaster  Avenue, 

PHILADELPHIA,  U.  S.  A. 

JULES  VIENNOT, 

504  Walnut  St.,  Philadelphia,  Pa.,    ^ 

SPECIAL  ADVERTISING  AGENT  FOR 

Merchant  &  Co.,  Midvale  Steel  Co., 

Baldwin  Locomotive  Works,  Morse,  Williams  &  Co., 

Henry  Carey  Baird  &  Co.,  Gordon,  Stroebel  &  Laureau,  Limited, 

The  Standard  Steel  Works,  Cortright  Metal  Roofing  Co., 

Latrobe  Steel  Works,  Haines,  Jones  &  Cadbury  Co. , 

Barr  Pumping  Engine  Co.,  Stow  Flexible  Shaft  Co.,  Limited, 

AND  OTHERS, 

Taking  entire  charge  of  all  Advertisements,  relieving 
the  Advertiser  fronn  trouble  and  annoyance,  besides 
mailing  a  great  saving  In  cost.  * 

"VIENNOT'S  SELECTED  LIST,"  a  book  giving 
rates  and  other  information  about  TRADE  JOUR- 
NALS, furnished  upon  application,  free  of  charge, 
to  customers. 

ADVERTISEMENTS   INSERTED  IN  ALL  THE  LEADING 
INDUSTRIAL  PAPERS. 


CORRESFONIDENCHi    SOUilCITBir). 
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KUTTBR'S  FORMULA. 

THE  ONLY  TRANSLATION  OF 

GANGUILLET  AND  KUTTER'S 

«*  Versuch  zur  Aufstellung  cincr  neuen  allgemei- 

nen  Formel  fiir  die  gleichformigc  Bewcgung 

des  Wassers  in  Canalen  und  Fliissen,*' 

which  is  the  only  work  treating  fully  of  KUTTER'S  FORMULA, 
and  explaining  its  derivation. 

By  RUDOLPH  HBRING, 
M.  Am.  Soc.  C.  E.,  M.  Inst.,  C.  E., 

AND 

JOHN  O.  TRAUTWINB,  Jr., 
Assoc.   Am.  Soc.  C.   E.,  Assoc.  Inst.  C.  E., 

with  a  Preface  by  the  anthors,  many  original  Appendices  and  Illus- 
trations, and  an  entirely  new  and  very  comprehensive  Table  of  Ex- 
periments u^K)n  How  in  channels  and  in  pipes. 

240  Pages,  with  Eight  Folding  Plates  and  many 
other  IlltLStrations,  $4.00. 

JOHN    AATILEY    &    SONS, 

Scientific  Piibltshers, 
63  Bast  Tenth  Street,  New  York. 

BAZIN'S  WEIR  EXPERIMENTS. 

Recent  Experiments  on  tlie  Eow  of  Water  oyer  Weirs,  etc. 

By  M.   BAZIN, 

Inspector-General  des  Fonts  et  Chausse'es. 

TRANSLATED  FROM  ANNALES  DES  FONTS  ET  CHAUSSEES, 

By  ARTHUR  MARICHAL  and  JOHN  C.  TRAUTWINE,  Jr. 

PUBLISHED    IN   THE 

Proceedings  of  the  Engineers*  Club  of  Philadelphia, 
Vol.  VII.,  No.  4,  December,  1889. 

FIFTY-TWO  PAGES,  with  THREE  FOLDING  PLATES. 
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